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ABSTRACT 

Clostridium difficile is an important aetiological agent of infectious diarrhoea. 

Previously thought of as being limited to healthcare facilities, C. difficile infection 

(CDI) is increasingly being diagnosed among individuals in the community, many of 

whom lack traditional risk factors (advanced age, recent hospitalisation and recent 

antibiotic exposure). Prompted by these changes in epidemiology, researchers have 

begun to search for sources of infection in the community and found C. difficile to be 

highly prevalent in livestock, including strains genetically indistinguishable from 

those found in human patients. C. difficile has also been found in various food items 

and in the environment. 

Antibiotics are often used inappropriately in Thailand and are sold over-the-counter 

without prescription. Antibiotic use in livestock is high also. Given that CDI often 

occurs following exposure to these agents, infection could be common in humans 

and animals in Thailand. However, limited studies have investigated the 

epidemiology of CDI in humans in Thailand, and no animal or environmental data 

have been published. Additionally, the diagnostic methods used in this country have 

not been optimal. The aims of this study were, therefore: 

 To evaluate commercial assays for use in laboratory detection of C. difficile 

disease in humans in Thailand.  

 To describe the prevalence, molecular epidemiology and antibiotic susceptibility 

of C. difficile in diarrhoeal inpatients, piglets and the piggery environment in 

Thailand, and in retail seafood from Thailand. 

 To describe the clinical characteristics, treatment and outcomes of CDI patients 

in Thailand. 

 To describe factors associated with C. difficile positivity among piglets in 

Thailand. 

To achieve the above aims, C. difficile commercial diagnostic assays were evaluated 

for use in adults and children. Epidemiological studies were conducted among 

diarrhoeal patients at Siriraj Hospital, Bangkok, Thailand, between April and 

December 2015, and on piglets from five farms located in central Thailand, between 

September and November 2015. Lastly, a pilot investigation was conducted to 

evaluate the presence of C. difficile in retail fish and shellfish products from Thailand.  
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The performance of enzyme immunoassays (EIAs) and PCR-based assays was 

investigated in an Australian routine setting initially. In adult studies, the sensitivity 

and specificities of glutamate dehydrogenase (GDH) EIAs (C. DIFF Chek-60 and C. 

DIFF Quik Chek Complete, QCC) were 86.2-95.0% and 97.6-100.0%, respectively, 

compared to direct culture. Using toxigenic culture as a reference standard, the PCR-

based BD MAX Cdiff was highly sensitive (92.9-95.5%) and specific (98.7-99.0%) 

in detecting toxigenic C. difficile, while toxins EIA (QCC) was not sensitive (57.1%) 

but highly specific (99.7%). The use of BD MAX assay in a Thai routine hospital 

laboratory was also evaluated, and the sensitivity (77.8%) and specificity (94.3%) 

were relatively low, indicating possible faults in the routine procedure. 

A paediatric study conducted in Australian routine setting showed molecular assays 

to be more sensitive in detecting toxigenic C. difficile than EIA or cell culture 

cytotoxicity neutralisation assay (CCCNA). The sensitivities were 28.9%, 33.3%, 

88.9% and 88.9%, respectively, for toxins EIA (QCC), CCCNA, illumigene and BD 

GeneOhm Cdiff. Specificities were high for all assays (99.1-100.0%). Using a GDH 

EIA-first algorithm decreased the sensitivity of all assays. A stand-alone molecular 

assay was recommended for children. 

The prevalence of toxigenic C. difficile among diarrhoeic patients in Thailand was 

13.3% (104/783). Interestingly, half of the isolates were non-toxigenic (50.9%; 

110/216). The remaining isolates were positive for toxin A and/or B genes, and 

mostly negative for binary toxin genes: A+B+CDT− (38.0%; 82/216), A−B+CDT− 

(10.6%; 23/216) and A+B+CDT+ (0.5%; 1/216). The most common strain was PCR 

ribotype (RT) 014/020 group (15.7%; 34/216), followed by RTs 017 (10.6%; 23/216), 

010 (10.2%; 22/216), QX001 (5.6%; 12/216), 039 (5.1%; 11/216) and 009 (4.6%; 

10/216). The hypervirulent RTs 027 and 078 were not found. All isolates were 

susceptible to antibiotics used for CDI treatment (metronidazole, vancomycin and 

fidaxomicin), except for three isolates with elevated vancomycin MICs (4 mg/L). 

Resistance to amoxicillin/clavulanate and meropenem was not observed. Most strains 

were resistant to clindamycin (59.7%), and large proportions were resistant to 

erythromycin (32.9%), moxifloxacin (22.7%) and rifaximin (13.4%). The overall 

prevalence of multi-drug resistance (MDR, ≥3 antimicrobials) was 22.7%. 
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The characteristics of CDI patients in Thailand were similar to patients elsewhere, 

and included advanced age (median age 71.5 years), recent hospitalisation (68.8%), 

recent antibiotic use (78.1%) (particularly carbapenems and third-generation 

cephalosporins), and presence of co-morbidities, the most common being diseases of 

the ear and mastoid process, and malignancies. However, the observed mortality was 

low (3.0%; 4/133) compared to that seen in North America and Europe, and only one 

case of recurrent CDI was observed.  

C. difficile was isolated from 35.2% (58/165) of piglets, 88.9% (8/9) of the 

environmental specimens and none of the retail seafood samples. All strains from 

piglets and the piggery environment were non-toxigenic and the most common RT 

was a novel QX083. High levels of resistance to clindamycin (98.3% and 100.0%, 

respectively), erythromycin (75.9% and 66.7%, respectively) and moxifloxacin 

(51.7% and 55.6%, respectively) were observed among isolates from piglets and the 

piggery environment. C. difficile colonisation in piglets significantly declined with 

age (OR 0.88, p=0.001), and the prevalence was 45.2% (19/42), 39.6% (39/96) and 

0% (0/24) among piglets aged 1-7, 8-14 and 15-23 days old, respectively. Piglets 

born to older or higher parity sows were significantly more likely to be colonised 

(OR 1.05, p=0.007 and OR 1.16, p=0.030, respectively). 

Despite the majority of isolates being non-toxigenic, MDR C. difficile strains were 

common in humans and animals in Thailand. These strains could act as a reservoir of 

antibiotic resistance genes in hospitals and the community. Antibiotic stewardship 

and heighten awareness of C. difficile is essential in limiting transmission of this 

pathogen. Currently, CDI is not well known among healthcare professionals in 

Thailand. Results from this study indicate CDI to be common and physicians should 

be wary of the infection, particularly in high-risk populations. The base-line data 

presented in this thesis will assist Thai physicians and veterinarians in providing 

patient care and assist researchers in designing future studies. The significance of 

high rates of colonisation with non-toxigenic strains of C. difficile needs to be 

determined.  
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Chapter 1 General introduction 

1.1 Historical perspective and changing epidemiology 

C. difficile was first described as part of the microflora of neonatal meconium by 

Hall and O’Toole in 19351. The name Bacillus difficilis was chosen to reflect its 

morphology and difficulty in culturing. Although its toxigenic potential was known 

early, it was not until 1978 that the association of C. difficile with 

pseudomembranous colitis (PMC) was first recognised2. Following this milestone, 

disease caused by C. difficile remained largely underappreciated until the early 2000s 

when interest in C. difficile infection (CDI) increased owing to dramatic changes in 

CDI epidemiology.  

The first of these changes resulted from the emergence of the polymerase chain 

reaction (PCR) ribotype (RT) 027 strain of C. difficile in North America. This strain 

caused epidemics initially in Canada and the United States (US), and later in 

Europe3,4. Whole genome sequencing (WGS) and phylogenetic analysis of a global 

RT 027 collection revealed two lineages, both of which had independently acquired 

an identical mutation in the deoxyribonucleic acid (DNA) gyrase subunit A gene 

(gyrA) leading to fluoroquinolone resistance3. Disease associated with epidemic RT 

027 exhibited increased morbidity and mortality. This was initially thought to be due 

to the production of a binary toxin (CDT), and an increase in toxins A and B 

production due to an 18-bp deletion in tcdC, the putative negative regulator for tcdA 

and tcdB5,6. 

A second important event has been the emergence of C. difficile RT 078 as a 

significant cause of human infection. As with RT 027, RT 078 produces CDT, but 

has a 39-bp tcdC deletion and a point mutation at position 184 that also leads to 

greater toxins A and B production7. RT 078, which was a predominant strain in pigs 

and calves in North America in 20078, became the third most common strain causing 

disease in hospital patients in Europe in 20119. Human isolations of RT 078 in the 

US have risen also10,11. Possibility of inter-species transmission of RT 078 was 

investigated by researchers in The Netherlands who reported no single nucleotide 

polymorphism (SNP) difference between strains collected from pig farmers and 

pigs12. This finding provided evidence for the argument that CDI is a zoonosis. 

Additionally, in contrast to infection caused by RT 027, which is largely healthcare-
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associated (HA) and affects older (>65 years old) people, RT 078 is often linked to 

community-associated (CA) cases and affects previously low-risk, younger 

individuals7,13. Animals could be a reservoir of C. difficile outside hospital that has 

contributed to the increase in CA-CDI incidence observed14. Toxigenic C. difficile 

has been also isolated from retail food and environmental sources15. Food and 

environmental contamination could also contribute to the transmission of CDI 

outside of healthcare facilities16,17. 

In response to these recent events, an increasing number of reports investigating CDI 

in North America, Europe and Australia has been published, however, study of CDI 

in Asia remains limited. The primary aim of this thesis was to describe the 

prevalence, epidemiology and antibiotic susceptibility of C. difficile isolated from 

humans, animals and the environment in Thailand. In preparation for these studies, 

the performance of C. difficile detection methods used routinely in laboratories in 

Thailand and Australia was investigated.  

The literature review that follows explores the existing knowledge relating to this 

important pathogen. It describes C. difficile ubiquity, bacteriology, toxins and typing 

methods, and describes the pathogenesis, clinical presentation, laboratory detection, 

treatment and risk factors of CDI in humans. CDI in animals, mainly pigs is also 

reviewed. The epidemiology of C. difficile in Asia is described, with previous studies 

performed in Thailand as the main focus. This chapter concludes by describing the 

specific objectives of this PhD project.  

1.2 C. difficile is found everywhere 

1.2.1 Hospital environment 

C. difficile is a spore-forming anaerobic organism and a recognised leading cause of 

antimicrobial-associated infectious diarrhoea in hospitalised adults in the developed 

world18. Spores produced by C. difficile remain viable up to 5 months on the hospital 

floor and contribute towards disease transmission within healthcare facilities19. 

C. difficile spores are resistant to both detergent- and hydrogen peroxide-based 

cleaning agents commonly used in hospitals and only chlorine-based germicides 

were able to inactivate spores20. Alarmingly, exposure of C. difficile spores to non-

chlorine based hospital cleaning agent enhanced their sporulation capacity21. 

Alcohol-based hand sanitisers commonly used by healthcare practitioners are not 
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sporicidal22 and hands of healthcare workers can be contaminated with C. difficile. 

Hand contamination represents a significant mode of C. difficile transmission23,24. 

Numerous studies have reported a high level of C. difficile contamination on surfaces 

within hospitals19,25-28. A study conducted in United Kingdom (UK) reported 

C. difficile contamination on 23.0% (152/660) of the surfaces within isolation side 

rooms previously used to accommodate symptomatic CDI patients. The majority of 

the isolates (93.0%) were toxigenic and 87.0% were indistinguishable from the UK 

epidemic strain at the time, RT 001. Spores were recovered most frequently from bed 

frames and the highest bacterial load was found on the floor25. In Orebro University 

Hospital, Sweden, C. difficile spores were isolated from 22.7% (34/150) of the 

frequently touched surfaces in rooms previously occupied by CDI patients. Spores 

were present on patient-helper trapeses, call buttons, bed tables, bedrails, door 

handles, stethoscopes and toilet surfaces (taps, flush knobs and seats)26. In another 

study, an outbreak of antibiotic-associated colitis in Michigan Hospital was 

investigated. C. difficile was recovered from 31.4% (81/258) of sites in the outbreak 

wards compared to 4.3% (25/584) in the control wards. The spores (16.5%; 40/243) 

persisted even after decontamination with hypochlorite28. A study by Fawley and 

Wilcox reported previously uncontaminated elderly medicine wards to be 

contaminated with C. difficile within 1-3 weeks of opening. In one of the wards, the 

researchers reported significant correlation between CDI incidence and the 

prevalence of environmental C. difficile (r=0.76, p<0.05)27. Another study also 

reported previous occupation of a hospital room by a CDI patient to be an 

independent significant predictor of C. difficile acquisition29. These findings 

demonstrate that environmental contamination is an important source of C. difficile 

within the hospital environment. They also highlight the importance of good hand 

hygiene and effective environmental decontamination30.  

1.2.2 Asymptomatic humans 

1.2.2.1 Adults 

Recent studies suggested that asymptomatic carriers could act as a reservoir of 

infection both within healthcare facilities and in the community. Asymptomatic 

colonisation with toxigenic C. difficile in adults (>18 years old) was reported to 

range between 0.0% and 15.4%, depending on the population studied. Among 

hospitalised adults in North America, 15.4% (40/259) carried toxigenic C. difficile31. 
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In Europe, colonisation by toxigenic strains among inpatients was 9.8% (13/132), 

including strains known to cause human disease32. The prevalence was lower in 

Australia, where colonisation with toxigenic C. difficile occurred in 5.5% (76/1380) 

of the inpatients33. Apart from patients, hospital staffs represent another possible 

reservoir of C. difficile in healthcare facilities. In Japan, toxigenic isolates were 

carried by 2.5% (7/284) of hospital workers34, while none of the 112 staff in an 

Austrian hospital35 and 128 healthcare workers in an Australian hospital tested 

positive for C. difficile36. 

Colonisation also occurs in healthy adults in the community. In Japan, toxigenic 

C. difficile was isolated from 7.3% (17/234) of the university students, 3.4% (3/89) 

of the company employees and 4.3% (27/627) of the self-defence force personnel. 

None of these individuals had been exposed to antibiotic in the preceding 4 weeks34. 

Galdys et al. investigated the presence of toxigenic C. difficile among healthy adults 

from the general population in Pennsylvania, USA, and reported a prevalence of 

6.6% (7/106)37. Additionally, a recent study conducted in China reported toxigenic 

C. difficile in 1.0% (10/1009) of non-diarrhoeal pregnant women. The most common 

RTs observed were 017 and 01238. 

1.2.2.2 Infants 

Neonates are frequently colonised with C. difficile but rarely develop disease39. The 

reason for this is unknown and many theories have been put forth to explain the 

observation. These include the immaturity of the toxin receptor and infant enterocyte 

signalling pathways, and neutralisation of C. difficile toxins by maternal antibodies40. 

Previous studies observed colonisation to peak within the first month of life, after 

which it declined. Maturation of the intestinal flora that occurs with increased age 

could explain the decline in colonisation observed41. Bacon et al. observed 

C. difficile in 16.0% (30/187) of the new-born infants, and reported higher rate of 

colonisation to be significantly associated with increased length of stay in the nursery 

(p<0.001) and caesarean section delivery (p<0.001)42. In the community, a study 

conducted in France showed 44.7% (38/85) of healthy infants from two nurseries to 

be asymptomatic carriers of C. difficile. The prevalence of toxigenic strains was 

12.9% (11/38)43. Transient colonisation of infants could provide a reservoir of strains 

capable of causing disease in vulnerable individuals. A case in point was the report 
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of recurrent infection caused by the epidemic C. difficile RT 027 in a peri-partum 

woman whose infant was colonised with the same strain44.  

1.2.3 Community and natural environments 

C. difficile is ubiquitous in the community environment. In Ontario, Canada, 

C. difficile was isolated from 5.3% (44/836) of sites in 31.0% (26/84) of households 

containing pets (dogs and/or cats). The area that most frequently tested positive was 

the toilet, followed by the pet food bowl, refrigerator shelves and kitchen sinks. 

Nearly three-quarter (72.7%; 32/44) of the isolates were toxigenic and the most 

common RTs were hypervirulent 027 and 07845. In 2011, a cross-sectional study 

investigated C. difficile contamination in retail baskets (n=400), trolleys (400), 

conveyor belts (400) and plastic bags (400) from 17 supermarkets in Albaha and 

Altaif, Saudi Arabia. C. difficile was isolated from 0.75% (12/1600) of the specimens, 

including the epidemic RT 027 (41.7%; 5/12)46. A large study conducted in the 

Cardiff area of South Wales reported C. difficile in 2.0% (4/200), 2.2% (6/275), 2.3% 

(8/350), 16.7% (5/30), 21.2% (22/104), and 36.4% (40/110) of samples collected 

from student residence, nursing homes, family homes, veterinary clinics, soil and 

water, respectively. Among the isolates recovered, 75.0% (3/4), 66.7% (4/6), 37.5% 

(3/8), 20.0% (1/5), 40.9% (9/22) and 90.0% (36/40), respectively, were found to 

produce toxin A17. 

In aquatic environments, C. difficile was isolated from seawater (40.0%; 2/5), 

zooplankton (60.0%; 3/5) and mussel samples (50.0%; 1/2; Mytilus galloprovincialis) 

collected from the Gulf of Naples, Italy. Both toxigenic (RTs 003, 056 and 066) and 

non-toxigenic strains were recovered47. A Slovenian study investigated the presence 

of C. difficile in water samples collected from 25 rivers and reported a prevalence of 

60.9% (42/69). Among the 154 isolates obtained, 110 (71.4%) were toxigenic 

C. difficile belonging to 25 different RTs, while the remainders were non-toxigenic 

isolates belonging to nine RTs. The majority of RTs found in river samples had been 

previously found in human patients (61.8%; 21/34) and nine RTs were previously 

found in animals in Slovenia48. Among 117 soil samples collected in Costa Rica, 

three (2.6%) contained C. difficile49. Additionally, C. difficile was isolated from 

37.0% (54/146) of soil and 6.0% (14/234) of water samples collected from 146 

homesteads in a rural community in Zimbabwe. Two-third (66.7%; 36/54) of the soil 

isolates and 14.3% (2/14) of the water isolates produced C. difficile toxins A or B50. 
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1.2.4 Animals 

In addition to its role as human pathogen, C. difficile is also found commonly in the 

gastrointestinal (GI) tracts of both symptomatic and healthy animals51.  

1.2.4.1 Companion animals 

In companion animals, C. difficile was isolated from 10.1% (14/139) of dogs and 

21.4% (3/14) of cats in Ontario, Canada. Twenty strains of C. difficile were isolated 

from 13 animals, 80.0% (16/20) of which were toxigenic. RT 001 was isolated from 

a dog and a cat residing in the same household, suggesting transmission. Shedding of 

C. difficile by dogs appeared to be influenced by lifestyle factors. Dogs were reported 

to be 7.9-fold more likely to shed C. difficile if they lived with a self-reported 

immunocompromised individual (p=0.02) and 3.3-fold more likely if they were 

allowed to run freely in a park (p=0.04)45. In an Australian study, C. difficile was 

isolated from 22.6% (14/62) of diarrhoeic horses while none was isolated from 112 

healthy adult horses. All but three isolates were toxigenic C. difficile and the most 

common RT was 01252.  

1.2.4.2 Captive animals 

C. difficile is present in zoo animals. A study was conducted to investigate the 

aetiological agent of enterocolitis that caused death in two and illness in at least one 

of the Asian elephants in a Danish Zoo. Toxigenic C. difficile was recovered from 

the intestinal content of all three animals affected. All strains were indistinguishable 

by PCR ribotyping method53. At Zoo-Aquarium of Madrid, Spain, chimpanzees 

(11.1%; 1/9, Pan troglodytes troglodytes), dwarf goats (14.3%; 1/7, Capra hircus), 

Iberian ibexs (7.1%; 1/14, Capra pyrenaica hispanica) and plains zebras (5.5%; 4/73, 

Equus quagga burchellii) were found to shed C. difficile. Four (57.1%) of the seven 

isolates recovered were RT 078, while the remainders included non-toxigenic RT 

039, and toxigenic RTs 042 and 11054. 

1.2.4.3 Wild animals 

C. difficile was present in 36.7% (11/30) of the white-tailed deer confinement 

facilities in Ohio, USA. Toxigenic strains were present in 63.6% (7/11) of the 

facilities, including RT 078 (4/7)55. In Brazil, an ocelot (Leopardus pardalis) 

developed C. difficile-associated diarrhoea (CDAD) following antibiotic treatment56. 

C. difficile was present in 4.6% (7/152) of the droppings of the migrating juvenile 
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European Barn Swallows (Hirundo rustica), including RTs 078, 002 and 01457. 

Fifteen cases of C. difficile-associated enterocolitis were documented among juvenile 

harbour seals (Phoca vitulina)58. Additionally, shedding of C. difficile was also found 

in 6.5% (3/46) of free-living South America coati (Nasua nasua, RTs 014/020, 053 

and 106)59, 4.6% (5/109) of raccoons (Procyon lotor) and shrews (Blarina 

brevicauda)60, 13.1% (95/724) of urban Norwegian (Rattus norvegicus) and Black 

rats (Rattus rattus)61 and 4.3% (7/161) of feral swine62. 

1.2.4.4 Food animals 

Perhaps most concerning is the presence of C. difficile in food animals. An 

Australian study investigated the prevalence of C. difficile in cattle and found 56.4% 

(203/360) of <7 days old calves, 3.8% (1/26) of 2-6 months old calves and 1.8% 

(5/280) of adult cattle shed C. difficile in their faeces. All but three isolates (98.6%; 

206/209) were toxigenic and the most common RTs found were 127 (50.2%; 

105/209), 033 (19.6%; 41/209) and 126 (5.7%; 12/209)63. In Germany, C. difficile 

was isolated from 17.6% (176/999) of diarrhoeal specimens from calves, the majority 

of which were toxin producing strains (98.9%; 179/181). RTs 033 (56.9%; 103/181) 

and 078 (16.6%; 30/181) were found most frequently64.  

The presence of C. difficile in slaughter-age animals can lead to carcass 

contamination. The possibility of this was investigated in another Australian study 

where the faeces (intestinal content) and carcass washings were collected from 

neonatal calves (<14 days old) at slaughter. The prevalence of C. difficile in faeces 

was 60.0% (18/30) and C. difficile contamination of carcasses was 25.3% (76/300). 

The great majority of the isolates (94.1%; 95/101) were toxigenic, and 74.7% (71/95) 

produced CDT65. In Belgium, C. difficile was reported in 9.9% (10/101) of cattle 

intestinal contents and on 7.9% (8/101) of cattle carcasses (aged between 11 months 

and 6 years at slaughter). Among 35 C. difficile isolates, 17.1% (6/35) were RT 078 

and 94.3% (33/35) were toxigenic66. In Italy, C. difficile was recovered from 20.7% 

(87/420) of calves, and the prevalence declined from 20.2% (85/420) at 0-16 days 

post arrival on the farm, to 0.7% (3/416) at 90-120 days and to 0.0% (0/313) at 150 

days. The most common RTs found among calves in Italy were also found among 

humans in Europe (RTs 012, 078 and 126)9,67. In contrast to the Australian study, this 

study did not detect C. difficile at slaughter. Given that C. difficile colonisation 

declined as animal age, the discrepancy is likely a reflection of the differences in 
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slaughter age in each study. Another study investigated C. difficile shedding among 

calves in Belgium observed a similar trend where the prevalence peaked at 18 days 

(16.0%; 8/50), before declining to 2.0% (1/50) at 46 days and 0.0% at slaughter (194 

days)68.  

C. difficile is also prevalent in pigs. In 2013, a study reported 67.2% (45/67) of 

neonatal pigs (mean age 12 days) in southern Sweden to be colonised with 

C. difficile RT 046, which had been linked to a recent human outbreak in the same 

region69. In Australia, 67.2% (154/229) of piglet (<7 days old) faecal specimens were 

positive for C. difficile, and the majority of isolates (84.4%; 130/154) were 

toxigenic70. The most common (23.4%; 36/154) RT observed in Australian pigs (RT 

014) was also the most common RT among humans in Australia (24.3%; 17/70)71. 

Another Australian study reported C. difficile in 40.0% (8/20), 50.0% (10/20), 20.0% 

(4/20), 0.0% (0/20) and 0.0% (0/20) of piglets aged 1, 7, 13, 20 and 42 days old, 

respectively. All isolates belonged to the toxin A negative, toxin B positive, CDT 

positive (AB+CDT+) RT 237 strain72,73. Additionally, 73.1% (147/201) of piglets 

from 15 farms located in Germany shed toxigenic C. difficile; RTs 078 (59.2%; 

87/147) and 126 (19.7%; 29/147) were most frequently isolated74.  

The presence of C. difficile among slaughter-age pigs has been investigated. In 

Belgium, C. difficile was reported in 1.0% (1/100) of pig intestinal contents and on 

7.0% (7/100) of pig carcasses (aged between 5 and 6 months at slaughter). Among 

15 C. difficile isolated, 46.7% (7/15) were RT 014 and 73.3% (11/15) were 

toxigenic66. The above studies highlight the importance of proper decontamination of 

the abattoir and the potential, albeit small, risk of C. difficile transmission through 

handling of carcasses and consumption of contaminated meat products.  

Other food animals reported to carry C. difficile included poultry, sheep and goats. In 

rural Zimbabwe, C. difficile was isolated from 17.4% (20/115) of chicken and 5.4% 

(3/56) of goat faeces. Eleven (55.0%) and two (66.7%) of the C. difficile isolated 

from chickens and goats, respectively, were toxigenic50. In Slovenia, 62.3% (38/61) 

of poultry faeces contained C. difficile. Of the 44 C. difficile isolated, 39 (88.6%) 

were A+B+CDT and three (6.8%) were A+B+CDT+75. Similar to the results 

observed for cattle and pigs, colonisation of C. difficile in chickens was age 

dependent. The prevalence was highest among 15 days old birds (100.0%; 24/24) 
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and declined to 40.9% (9/22) at 18 weeks75. C. difficile was also isolated from 2.3% 

(7/300) of market-age broiler chickens (42 days old) in Texas, USA76. A low 

prevalence of C. difficile was observed among sheep (0.6%; 1/156) and lambs (6.5%; 

14/215) in Australia77. Additionally, 7.5% (3/40) of goats in Switzerland carried 

toxigenic C. difficile (RTs 001 and 066)78. 

1.2.5 Food 

Given that C. difficile is present in asymptomatic animals at slaughter, it is not 

surprising that C. difficile has been found in meat products. Retail meat sold in Asia, 

Africa, America and Europe have all been found to be contaminated with C. difficile.  

In the Isfahan region of Iran toxigenic C. difficile was present in 2.9% (1/35), 2.2% 

(1/46), 3.6% (2/55) and 6.3% (4/64) of chopped beef, ground beef, chopped mutton 

and ground mutton, respectively79. In West Africa, C. difficile was isolated from 

11.0% (19/172) of cooked beef kidney and 13.5% (30/223) of the cooked beef 

samples obtained from street food vendors in Côte d’Ivoire80.  

A study investigating the relationship between C. difficile isolated from human stool 

specimens and raw meat from Pennsylvania, USA, reported C. difficile in 16.7% 

(53/317), 6.9% (5/72), 11.5% (9/78), 14.5% (11/76), and 7.8% (6/77) of human stool, 

beef, pork, turkey and chicken samples, respectively. The majority of human (84.9%; 

45/53) and food isolates (80.6%; 25/31) were toxigenic. Twenty-five RTs were 

identified and 11 (44.0%) RTs, including 027 (5/84) and 078 (16/84), were present in 

both human and food specimens81. In Arizona, USA, toxigenic C. difficile was 

isolated from a surprisingly high 42.0% (37/88) of retail meat samples, including 

ground beef (50.0%; 13/26), summer sausage (14.3%; 1/7), ground pork (42.9%; 3/7), 

Braunschweiger (62.5%; 10/16), chorizo (30.0%; 3/10), pork sausage (23.1%; 3/13) 

and ground turkey (44.4%; 4/9). Approximately two-third (67.6%; 25/37) of the 

isolates were RT 078, while 16.2% (6/37) were RT 02782. Retail chicken sold in 

Ontario, Canada also contained C. difficile. The overall prevalence was 12.8% 

(26/203): 9.0% (10/111) of chicken thighs, 18.1% (13/72) of chicken wings and 

15.0% (3/20) of chicken legs. All isolates were RT 07883. Additionally, C. difficile 

was present in 2.0% (4/200) of the raw meat products (bovine, porcine and poultry) 

sampled from 79 butcher shops and supermarkets located in San Jose, Costa Rica. 

All isolates were RT 02984.  
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In Belgium, 2.3% (3/133) of ground and burger beef samples, and 4.7% (5/107) of 

ground and sausage pork samples contained C. difficile, majority of which were RTs 

078 and 01485. In The Netherlands, retail lamb (6.3%; 1/16, toxigenic RT 045) and 

retail chicken meat (2.7%; 7/257) contained C. difficile. Four (57.1%) of the strains 

isolated from chicken were toxigenic (RTs 001, 003 and 087)86. Low prevalence of 

C. difficile contamination was also reported in France (1.9%; 2/105, ground beef 

samples, RT 012)87 and Sweden (2.4%; 2/82, ground meat samples)88.  

Apart from meat products, C. difficile was also found in seafood. A study conducted 

in Texas, USA, reported C. difficile in 4.5% (3/67) of seafood sampled. The positive 

specimens included fresh mussels, frozen salmon and frozen shrimp. Two of the 

three isolates were RT 07889. Two studies were conducted in the city of Naples 

(southern Italy) to investigate C. difficile in marine environments and animals. The 

first reported 75.0% (3/4) of the shellfish (mussels and clams) samples to contain 

C. difficile, one toxigenic RT 005 and two non-toxigenic RT 01047. The second study 

isolated C. difficile from 49.1% (26/53) of edible bivalve molluscs. Over half of the 

isolates (57.7%; 15/26) were toxigenic and 46.2% (12/26) belonged to the RTs most 

commonly found among humans in Europe (014/020, 001, 078, 018,106, 002, 012, 

126 and 003)9,90.  

Contaminated fruits and vegetables that are minimally processed prior to 

consumption are a potential vector of C. difficile transmission. In France, toxigenic 

C. difficile was isolated from 2.9% (3/104) of ready-to-eat salads (one heart of lettuce, 

one lamb’s lettuce salad and one portion of pea sprouts). The strains belonged RTs 

001, 014/020/077 and 01591. Low level of C. difficile contamination was also 

observed in 4.5% (5/111) of retail vegetables (ginger, carrot and eddoe) sold in 

Ontario, Canada. All five isolates were toxigenic, three of which were RT 078. All 

produces except for carrot were imported from China, suggesting possible 

introduction via imporation92.  

Although not regarded as a foodborne infection, the presence of toxigenic C. difficile 

in various food items suggests that food can act as a source of human infection in the 

community. Limited knowledge is available regarding the effects of various cooking 

methods on the viability of C. difficile spores. The minimal cooking temperature 

recommended for meat (63-71°C) are not inhibitory to C. difficile spores93. In 2011, 
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Rodriguez-Palacios and LeJeune reported that heating aged (≥20 weeks old) spores 

at 63°C and 71°C appeared to increase spore recovery and germination compared to 

the unheated control. Furthermore, in ground beef, heating spores to 85°C for 15 min 

inhibits cell division but not germination, and the inhibition can be reverted during 

subsequent incubation. Based on this study, cooking at 96°C, could reduce 

C. difficile spore 6 log10 within 2-3 min94. Interestingly, a recent study by Rodriguez-

Palacios et al. indicated that RT 078, which is widely reported in food, was found to 

out-survive other test strains, including RT 027, at sub-boiling (96°C) conditions. 

This finding indicated the possibility that heat treatments during cooking or 

disinfection could lead to preferential selection for RT 07893. Further studies are 

required to elucidate the cooking conditions that leave food both safe and palatable.  

1.3 C. difficile bacteriology  

C. difficile is a Gram-positive rod-shaped, obligate anaerobe. It has peritrichous 

flagella and is motile in broth cultures, apart from clade 5 strains. The cells are 0.5-

1.9 µm wide and 3.0-1.9 µm long. C. difficile produces spores that are oval, sub-

terminally located and distend cells15. Bile salts (cholate and taurocholate), glycine 

and histidine are co-germinants of C. difficile spores95,96. The organism grows at 25-

45°C, with the optimum growth occurring at 30-37°C. On blood agar (BA) culture 

media, the colonies of C. difficile are circular or rhizoid, 2-5 mm in diameter, opaque, 

greyish-whitish, non-haemolytic, have a ground glass appearance and smell like 

horse dung15.  

1.4 C. difficile toxins 

The primary mediators of inflammation in CDI are toxins A (308 kDa) and B (270 

kDa), which are encoded by two genes, tcdA and tcdB, respectively, located on a 

19.6 kb pathogenicity locus (PaLoc)97. The PaLoc also contains three regulatory 

genes; tcdR, tcdE and tcdC. The tcdR gene encodes an alternative ribonucleic acid 

(RNA) polymerase sigma factor that directly activates toxin genes expression98 while 

tcdE encodes a putative holin involved in toxin's extracellular release99. The role of 

tcdC remains controversial but it was hypothesised to encode a negative regulator of 

tcdA and tcdB, based on its antagonistic activity against tcdR activity100. Both toxins 

belonged to a large clostridial toxins family and consist of four structural domains: 

the carboxyl (C)-terminal, the internal hydrophobic region, the cysteine protease and 

the amino (N)-terminal. The C-terminal is responsible for receptor-mediated 
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endocytosis of the toxins, and the hydrophobic region assists in the translocation of 

the catalytic N-terminal across the endolysosome membrane. Once inside the host 

cell, a cysteine protease assists in the release of N-terminal, which acts to inactivate 

GTPases of the Rho protein family by glucosylation. This leads to actin condensation, 

cell rounding, disruption of tight junctions, impairment of the intestinal barrier 

function and cell death101. In animal ileal loops, toxin A (an enterotoxin) was found 

to elicit massive neutrophil infiltration and fluid secretion, and increase mucosal 

permeability. These characteristics correlate with the diarrhoeal symptoms observed 

in humans102. Toxin B was ≥1000-fold more cytotoxic than toxin A and at sub-

picogram amounts was able to cause rounding of tissue culture cells103. Additionally, 

both toxins are potent inducers of pro-inflammatory cytokines production by human 

monocytes, including interleukin-1 (IL-1), IL-6, IL-8 and tumour necrosis factor-α 

(TNF-α), which initiate an inflammatory cascade leading to pseudomembrane 

formation, pathognomonic of CDI104,105. Many early studies suggest that toxin A 

plays a bigger role in disease pathogenesis97, however, one study has found toxin B, 

but not toxin A, to be essential for virulence106. More recently, using a gene knockout 

system, both mutant variants, A−B+ and A+B−, exhibited cytotoxicity in vitro that 

correlated with virulence in vivo107. It is noteworthy that A−B+ strains have been 

described widely in human disease108 while A+B− have not been described in nature.  

Some C. difficile strain produce CDT, which is encoded by the genes cdtA (the 

enzymatic component) and cdtB (the binding component) located on a chromosomal 

region known as CdtLoc. CDT (43 kDa) is an actin-specific adenosine diphosphate 

(ADP)-ribosyltransferase109. Ribosylation of actin inhibits its polymerisation, leading 

to destruction of cell cytoskeleton. Its role in disease is not well understood but it is 

known to induce microtubule protrusion in epithelial cells, leading to enhanced 

bacterial adherence and colonisation110. Additionally, recent studies have shown 

CDT to suppress the protective eosinophilic response in the host via a toll-like 

receptor 2-dependant pathway111. Although CDT is still being investigated, its 

relevance in human disease has been highlighted in numerous studies. Infection with 

CDT producers has been linked to a higher case-fatality rate112 and its presence was 

deemed to be a maker of recurrent infection113. In 2015, a case of ulcerative colitis 

and severe diarrhoea caused by C. difficile strain (RT 033) that produces CDT but 

not toxins A or B was described114. RT 033-like strains that only produce CDT have 
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also been reported among CDI patients in France115. Considering that most 

diagnostic tests do not detect CDT, it is conceivable that such strains would have 

been reported as non-toxigenic (or not at all) and their prevalence is underestimated.  

1.5 CDI in humans 

1.5.1 Pathogenesis  

Pathogenesis of CDI is a multifactorial process that depends on the virulence of the 

ingested strain, the dysbiosis of the gut flora and the host immune responses. CDI is 

transmitted faecal-orally. Infection is acquired though ingestion of spores, which are 

resistant to stomach acid and enter the small intestine. The liver produces bile that 

consists mainly of cholate and chenodeoxycholate conjugated with either taurine or 

glycine. C. difficile spores germinate in the presence of these bile acids and the 

vegetative cells travel to the anaerobic environment of the cecum. In a healthy host, 

the bacterial community in the cecum metabolises the cholate derivatives to 

deoxycholate, which prevents growth of vegetative cells and the host remains 

protected. Dysbiosis of the gut flora by agents such as antibiotics lowers the number 

of bacterial species in the cecum capable of performing this task. Cholate levels 

increase while deoxycholate level decline, providing an environment where 

C. difficile can grow and colonise95.  

Once colonised, C. difficile release toxins which are immunomodulatory, leading to 

destruction of the barrier function of the intestine104,105. Host immunity plays a 

crucial role in disease development. Diarrhoea in patients with elevated faecal 

cytokines at diagnosis took longer time to resolve. Markers of intestinal 

inflammation and not bacterial load were shown to correlate with clinical outcome116. 

Additionally, patients who have low concentration of serum IgG had a 48-fold 

increased risk of a recurrent disease117.  

1.5.2 Clinical presentation and case definition  

The American College of Gastroenterology classified disease severity into mild, 

moderate, severe, complicated and recurrent. Mild disease is associated with the 

presence of diarrhoea as the sole symptom, while moderate disease is associated with 

diarrhoea and additional clinical symptoms that do not meet the criteria for severe 

disease. These criteria included hypoalbuminemia (<3 g/dl), and either leucocytosis 

(white blood cell ≥15000 cells/mm3) or abdominal tenderness. Complicated disease 
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included CDI that developed in conjunction with any of the following: admission to 

intensive care unit (ICU), hypotension (with or without the need for vasopressors), 

ileus or significant abdominal distension, pyrexia (>38.5°C), altered mental status, 

white blood cell ≥35,000 or <2,000 cells/mm3, serum lactate >2.2 mmol/L or end-

organ failure. The presence of a pseudomembrane is pathognomonic of CDI118. 

Recurrent disease, which occurs in 15-25% of the patients119, is defined as repeated 

episodes occurring within 8 weeks of each other120.  

HA-CDI is defined as CDI detected in individuals >48 h after admission while CA-

CDI is defined as CDI detected in individuals ≤48 h after admission, provided that 

the individual had no history of hospitalisation in the past 12 weeks120. 

1.5.3 Risk factors  

1.5.3.1 Traditional risk factors 

The traditional factors associated with CDI included recent hospitalisation, advanced 

age, exposure to antimicrobial agents, proton pump inhibitors (PPIs) or anti-

neoplastic agents, and the presence of co-morbidity.  

Considering that hospital surfaces are known to be contaminated with C. difficile 

spores, it is not surprising that hospitalised individuals are at increased risk29. In one 

study, patients were 3.9-fold more likely to acquire CDAD if they shared a room 

with an antibiotic-associated diarrhoeal (AAD) patient121. Older individuals (>65 

years old) appeared to be more vulnerable to CDI. This is particularly concerning 

given the world-wide aging population. Loo et al. reported the incidence of CDAD to 

be up to 20-fold higher in elderly compared to younger patients (<40 years old). 

Attributable 30-day mortality rates were also higher in elderly patients (2.6%, 1.2%, 

3.2%, 5.1%, 6.2%, 10.2% and 14.0% among <40, 41-50, 51-60, 61-70, 71-80, 81-90 

and >90 years old, respectively)122. Additionally, older individuals are more likely to 

develop recurrent disease, possibly due to their less effective immune response 

against C. difficile123.  

Antibiotic use is significantly associated with C. difficile carriage (odd ratio [OR] 4.2, 

95% CI 3.1-5.9) and CDI (5.9, 4.0-8.5). Some antibiotics have higher attributable 

risks, including quinolones (OR 8.0), clindamycin (9.0), β-lactams (2.2 for penicillin 

to 22.1 for amoxicillin/clavulanic acid) and cephalosporins (7.8 for cefaclor to 36.2 

for cefotaxime)124. In a recent meta-analysis, third-generation cephalosporins (OR 
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3.20, 95% CI 1.80-5.71) and clindamycin (2.86, 2.04-4.02) continued to have high 

attributable risk for CDAD125. The use of fluoroquinolones remained an important 

risk factor for infection with RT 027 fluoroquinolone-resistant strains126. The 

association between use of PPIs and C. difficile remains inconclusive127, however, 

recent studies appeared to support its role as an independent risk factor for CDI128-131. 

The use of chemotherapeutic agent have also been associated with increased risk for 

C. difficile disease132,133. 

The presence of co-morbidities increase individuals’ vulnerability to CDI. 

Inflammatory bowel disease (IBD) patients are more frequently colonised with 

C. difficile and are at greater risk of developing disease compared to the general 

population. They are also more likely to develop complications such as IBD flare, 

colectomy or death134. In one study, among C. difficile infected IBD patients, 39% 

were not previously exposed to antibiotics and 76% contracted infection as an 

outpatient. IBD sufferers are often treated with immunosuppressive agents and their 

inability to mount immune response against C. difficile makes them particularly 

susceptible to severe infection135. Apart from IBD patients, solid organ transplant 

patients are also at increased risk of complicated C. difficile colitis136. 

1.5.3.2 CA-CDI risk factors 

In recent years, the epidemiology of CDI has changed considerably and CA-CDI is 

increasingly being diagnosed. While some CA-CDI cases present with well 

recognised risk factors, others present with none (16.7%, in an English study)137. 

CA-CDI cases are often documented in younger (<65 years old) individuals, lacking 

traditional risk factors14,137,138. Although antibiotic exposure remains an important 

risk factor for CA-CDI, up to 60% of the cases were not exposed to antibiotics in the 

preceding 3 months139. Cases unexposed to antibiotics were more frequently treated 

with PPIs compared to antibiotic exposed patients140, however, the role of PPIs in 

C. difficile acquisition remains controversial141. Recent studies demonstrated great 

diversity of C. difficile in the community from potential sources including animals, 

food, environments and asymptomatic humans (particular infants), suggestive of a 

diverse reservoir of infection outside healthcare facilities15,142. 
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1.5.4 Laboratory diagnosis  

Laboratory diagnosis of CDI is based on the detection of C. difficile toxins or 

toxigenic C. difficile in stool specimens. Given the possible high prevalence of 

toxigenic C. difficile in asymptomatic adults31, tests should only be performed on 

patients who have clinically significant diarrhoea (CSD) as defined by at least three 

diarrhoeal bowel movements in the prior 24 or fewer consecutive hours143. Formed 

stools should be tested in patients with ileus or colonic distension who present with 

minimal or no diarrhoea (<1% of cases). Laboratory results should be combined with 

clinical observations to diagnose the disease143.  

1.5.4.1 The gold standard 

Culture is the most sensitive method for C. difficile detection, however, it does not 

distinguish between toxigenic and non-toxigenic strains, has a long turnaround time 

(24-48 h), require anaerobic culture facilities and skilled laboratory staff. The 

advantage of culture is it allows molecular typing and antibiotic susceptibility testing 

of the isolated strains. This is particularly useful in an outbreak investigation. Until 

recently, the most commonly used culture medium for C. difficile was cycloserine-

cefoxitin-fructose agar (CCFA)143. At present, many laboratories have adopted a new 

chromogenic medium, ChromID C. difficile agar, developed by bioMérieux (Marcy, 

I’Etoile, France). Unlike CCFA, ChromID agar does not need to be pre-reduced in an 

anaerobic atmosphere prior to use. Additionally, ChromID agar was more selective 

(less contaminating faecal flora) and gave a 12% higher recovery at 24 h compared 

to CCFA at 48 h144. Enrichment in broth culture supplemented with sodium 

taurocholate followed by ethanol shock treatment increases isolate recovery63,145,146. 

The cell culture cytotoxicity neutralisation assay (CCCNA) is recognised as the most 

sensitive toxin detecting test as it is able to detect toxins at sub-picogram levels147. 

When performed in conjunction with culture, the procedure is termed ‘toxigenic 

culture’ and is regarded as the current gold standard for C. difficile diagnosis. Here, a 

monolayer of cells is exposed to stool filtrate. In the presence of toxins, a cytopathic 

effect (cell rounding) can be seen after 24-48 h. The effect is mainly due to toxin B, 

which is ≥1000-fold more cytotoxic than toxin A103. A specific anti-serum is added 

to inhibit the cytopathic effect and confirm the identity of C. difficile toxin. The 

disadvantage of CCCNA is that it is time consuming (hinders infection control 

effort), labour-intensive, and requires expertise and specialised equipment (e.g. 
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incubator to maintain cell line). Costs associated with the use of these methods can 

be prohibitive to some laboratory. 

1.5.4.2 Enzyme immune assays (EIAs)  

To improve workflow in routine settings, many laboratories switched to EIAs, which 

target either glutamate dehydrogenase (GDH) or C. difficile toxins. EIAs are simple 

to perform and have a short hands-on and turnaround times (15-45 min). Although 

GDH EIA is highly sensitive (88-100%), it cannot be used as a stand-alone test as 

GDH is produced by both toxigenic and non-toxigenic isolates148-156. While being 

less complex than CCCNA, toxin EIAs lack sensitivity (49.0-68.4%)157-159. This 

short coming, however, is offset by their ease of use and low labour costs, and they 

are particularly attractive features for laboratories with limited resources. Since the 

mid-1980s, toxin EIAs have been widely used, either as a stand-alone test or as part 

of a multi-step testing algorithm. The current lack of an optimal detection method is 

a strong impetus for the continuing search for a highly sensitive, rapid and cost-

effective test.  

1.5.4.3 Nucleic acid amplification tests (NAATs) 

NAATs have gained popularity over recent decades due to their high sensitivity and 

short turnaround time (≤3 h)156,160. Rt-(rt) PCR assays to detect toxin genes have 

been developed 161-163 and many automated commercial systems are now available. 

To date, 12 commercial NAATs have been approved by US Food and Drug 

Administration (FDA) for qualitative detection of C. difficile in adult human stool 

specimens. These include BD GeneOhm and BD MAX Cdiff (BD Diagnostics), 

ProGastro Cd (Prodesse Inc.), Xpert C. difficile and C.difficile/Epi (Cepheid), 

illumigene (Meridian Bioscience, Inc.), Simplexa Universal Direct (Focus 

Diagnostics, Inc.), Portrait Toxigenic C. difficile (Great Basin Scientific, Inc.), 

Verigene (Nanosphere, Inc.), AmpliVue Quidel Molecular Direct (Quidel 

Corporation), IMDx (Intelligent Medical Devices, Inc.) and ICEPlex (PrimeraDx)164-

175. All assays detect the presence of tcdB, except for illumigene, which detects a 

conserved region of tcdA purportedly present even in toxin A null strains. Xpert 

C. difficile/Epi and Verigene also detect the presence of binary toxin genes and the 

single base pair deletion at nucleotide 117 in tcdC, supposedly associated with 

epidemic RT 027. Verigene, AmpliVue and IMDx also detect the presence of tcdA. 
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Lastly, IMDx also detects the variant tcdB sequence found in RT 017, which is 

highly prevalent in Asia and Europe108,176. 

Compared to toxigenic culture, NAATs for C. difficile generally exhibit high 

sensitivity (87-100%) and specificity (88-100%)146,177-181. Some studies have 

reported lower sensitivities for IMDx (62-84.3%) and illumigene (73-83%)182,183. 

Although highly sensitive and specific, the presence of toxin gene detected by NAAT, 

does not always correlate with clinical disease, considering that up 15% of hospital 

patients can carry toxigenic C. difficile asymptomatically31. A multi-institutional 

study conducted in the UK reported a significant increase in mortality among 

patients whose stools tested positive for toxin B by CCCNA (OR 1.61, 95% CI 1.12-

2.31)184. This supports the requirement for toxin testing. Another issue associated 

with NAATs is the cost (reagent cost/test: EIA US$3.75 vs. NAAT US$25 in an 

American study)185. Researchers have argued, however, that although more 

expensive, the high diagnostic accuracy and short testing time associated with NAAT 

will lead to better patient care (e.g. reduced empiric antimicrobial days of therapy 

and shorter hospital stay) and eventually to a lower expenditure186. This is supported 

by an American study which investigated the impact of switching from conventional 

toxin EIA to NAAT. The study reported a cumulative reduction of 87.8 days of 

antimicrobial therapy among patients tested with NAAT, corresponding to a saving 

of US$19,662 over a 1 month period185.  

1.5.4.4 Multi-step testing algorithm  

In the past decade, increasing numbers of studies have recommended the use of 

multi-step testing algorithms that often include a highly sensitive preliminary 

screening test, followed by a highly specific toxin or toxin genes detecting test184,186. 

This includes the Society for Healthcare Epidemiology of America (SHEA) and the 

Infectious Diseases Society of America (IDSA) which recommended screening 

specimens with GDH EIA and then using CCCNA or toxigenic culture as the 

confirmatory test in GDH-positive stool specimens only143. The benefit of using a 

relatively low cost test with high negative predictive value (NPV, e.g. GDH EIA) to 

screen out the negatives is the significantly smaller number of specimens requiring 

the more expensive or more time-consuming next step. In an American study, 

screening specimens with GDH EIA reduced the number of specimens requiring a 

confirmatory test by 75-80%, resulting in shorter testing time and a saving of 
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US$143,000 (over a 6 months period)187. The reported sensitivity and specificity 

were 41-92% and 94-100%, respectively, for an algorithm involving GDH and toxins 

A/B EIA153,183,188, and 68-100% and 97-100%, respectively, for an algorithm 

involving GDH and toxins A/B EIA, and NAAT148,183,189. These algorithms may not 

be as cost effective in regions with high prevalence of non-toxigenic isolates. 

Molecular typing of the circulating strains would assist in tailoring the diagnostic 

approach that was best suited to the individual laboratory.  

1.5.5 Clinical management  

Different management strategies have been recommended depending on disease 

severity. In mild to moderate cases, discontinuation of the offending antibiotics and 

treatment with oral metronidazole (500 mg three times daily for 10 days) are 

recommended. If patients fail to respond within 5-7 days, physicians are 

recommended to switch to a standard dosage of vancomycin (125 mg four times 

daily for 10 days). The same dosage of oral vancomycin is also recommended for 

severe cases, pregnant/breastfeeding women or patients who are allergic to 

metronidazole. A vancomycin enema is indicated as an additional therapy in patients 

with intestinal obstructions (e.g. Hartman’s pouch, ileostomy or colon diversion). 

Anti-peristaltic agents are contraindicated given the risk of toxin accumulation 

leading to precipitation of complicated disease. Empirical therapy for CDI is 

recommended in high risk patients regardless of the laboratory results, given the 

insufficiently high NPV of diagnostic test118. 

For complicated CDI patients with no significant abdominal distension, treatment 

with oral vancomycin (125 mg four times daily) in conjunction with intravenous 

metronidazole (500 mg three times daily) is advised. As for those with ileus, toxic 

colon or significant abdominal distension, oral (500 mg four times daily) and rectal 

(500 mg in a volume of 500 ml four times daily) vancomycin plus intravenous 

metronidazole (500 mg three times daily) is recommended. Colectomy is 

recommended in severely ill patients118. 

Treatment of the first recurrence of CDI is the same as the initial episode, stratified 

by disease severity. A tapered or pulsed vancomycin regimen is recommended for 

second or later recurrences118,143. In patients with ≥3 recurrences, faecal microbial 

transplantation (FMT) is recommended. FMT is safe and effective in treating 
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refractory CDI, however, its use is limited by practical barriers relating to the 

logistics of preparation and delivery of faecal material. Furthermore, the long term 

effects of introducing a new microbiota is still unclear and the donor screening 

process is yet to be optimised190.  

A systematic review reported 22.4% and 14.2% treatment failure, and 27.1% and 

24.0% recurrence after treatment with metronidazole and vancomycin, 

respectively191. These recurrences are partly due to the disruption of the intestinal 

flora by antibiotics. In 2011, the US FDA approved fidaxomicin as a new therapy for 

treating CDAD in adults (≥18 years old). An important advantage associated with 

fidaxomixin is its limited in vivo activity against normal gut flora192. Clinical cure is 

similar between vancomycin and fidaxomicin193, however, the latter appeared to 

significantly reduce recurrent infection194. Additionally, fidaxomicin use reduced 

hospital length of stay and re-admission events when compared to vancomycin195. 

These favourable differences may offset its high cost.  

1.6 CDI in pigs 

1.6.1 Pathogenesis  

From the beginning of the 21st century, C. difficile had been described as the major 

cause of enteritis in piglets (34%)196 and mortality was found to be up to 16%197. The 

pathogenesis of CDI in pigs is not fully understood but is likely mediated by toxins A 

and B. A carbohydrate α-galactosyl has been described as an important receptor for 

toxin A198. Its abundance on porcine cell surfaces led some researchers to 

hypothesise it as a dominant receptor in pigs. However, the binding of toxin A to this 

receptor located in the large intestine where lesions generally occur could not be 

demonstrated. Instead, the most intense binding was observed in the jejunum, 

suggesting an interaction of toxin A to an alternative receptor in the cecum198. Like 

human disease, host immune response is important in disease pathogenesis. Piglets 

with acute severe disease had higher concentrations of pro-inflammatory cytokines 

(IL-8 and TNF-α) in the large intestine compared to chronically ill or control 

piglets199.  

1.6.2 Disease presentation  

Clinical manifestations of CDI in pigs (mainly piglets before weaning) included 

breathlessness, dehydration, mild abdominal distension and scrotal oedema, with or 
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without diarrhoea200. Surviving piglets weight ca. 0.5-1 kg less than average at 

weaning196. Autopsy examination revealed mesocolonic oedema, flaccid and dilated 

cecum containing pasty yellowish brown faeces and, in some cases, urates 

precipitation in renal papillae and hydrothorax/ascites (>50 mL). The latter led to 

respiratory distress and death. Histological examination revealed scattered foci of 

suppuration in the colonic lamina propria and accumulation of neutrophils in the 

mesocolon. Exudation of neutrophils and fibrin into the lumen lead to appearance of 

volcano-like lesions200. Lesions in the small intestine were not observed199. The 

gnotobiotic piglet model of severe infection demonstrated extensive thickening of the 

wall of the descending colon and rectum, perforation of the spiral colon, extra-

intestinal lesions of ascites, pleural effusion and cranial central lung consolidation199.  

1.6.3 Risk factors 

Few studies have sufficiently investigated risk factors associated with CDI in pigs. 

The most commonly reported factors included animal age, environmental 

contamination and antimicrobial exposure201,202.  

Unlike human infants that appeared resistant to CDI, disease in pigs is most 

frequently observed among 1- to 7-day-old piglets196. Piglets are highly susceptible 

to C. difficile colonisation due to the absence of an established gut flora203. A study 

reported colonisation to occur in both symptomatic and healthy piglets within 48 h 

after farrowing and in the absence of antibiotic treatment204. Consistent with the 

establishment of intestinal flora, colonisation declined with increasing age72,205. In a 

Canadian study, C. difficile was present in 74.4%, 56.4%, 39.8%, 22.8% and 3.7% of 

the 2, 7, 30, 44 and 62 days old piglets, respectively206.  

Muti-locus variable number tandem repeat analysis (MLVA) showed C. difficile 

isolated from piglets, ambient air, farrowing crates, sow and sow teats to be 

genetically indistinguishable. Environmental contamination acts as a major source of 

C. difficile spores. Investigation of caesarean section derived piglets suggested that 

vertical transmission is unlikely to occur204. Furthermore, C. difficile was isolated 

from 66.0% (35/53), 97.4% (38/39), 55.8% (53/95) and 100.0% (11/11), respectively, 

of house mice (Mus musculus), drain flies (Psychoda alternate), lesser houseflies 

(Fannia canicularis, Musca domestica and Drosophila melanogaster) and yellow 
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mealworms (Tenebrio molitor) obtained from pig farm in The Netherland. These 

animals may play a role in C. difficile transmission in the piggery207. 

Antibiotics are an important risk factor for CDI in adult pigs. CDI was reported in 

post-partum sows that had been administered enrofloxacin to treat mastitis metritis 

agalactia (MMA). The post-partum mortality was 13.2% (81/614) among antibiotic 

treated (MMA sufferers) sows, while that for the un-treated sows (non-MMA 

sufferers) was only 0.4% (10/2335). Additionally, among antibiotic treated sows, 

those died were younger. Older sows were thought to be more capable of mounting 

immune response against C. difficile201.  

1.6.4 Laboratory diagnosis 

As for human CDI, laboratory diagnosis of CDI in pigs is based on detection of 

toxigenic C. difficile or C. difficile toxins in faeces or intestinal content208. Currently, 

there are no guideline for testing of C. difficile disease in animals. The use of 

toxigenic culture appeared popular among swine studies. Although widely tested for 

human use, limited data is available regarding the performance of commercial 

C. difficile assays for use in animal samples. In 2002, a commercial toxin EIA 

(TechLab C. difficile toxins A/B II) was evaluated against CCCNA and had a high 

sensitivity (91%) and specificity (86%). At 44.0% (22/50) C. difficile prevalence, the 

NPV (86%) and positive predictive value (PPV, 84%) were high, and the test was 

deemed suitable for laboratory diagnosis of enteritis in neonatal swine209. More 

recent publications, however, suggested otherwise. In 2011, three commercial toxin 

EIAs (Meridian Premier Toxins A/B, ImmunoCard Toxins A/B and VIDAS 

bioMérieux) were evaluated against toxigenic culture. The sensitivities were 56.4-

80.3% and specificities were 27.7-89.8%. Even at a high prevalence of toxigenic 

C. difficile (41.3%; 71/172), the NPV and PPV were unacceptably low (66.7-76.7% 

and 43.8-77.5%, respectively). The rt-PCR-based BD GeneOhm Cdiff assay 

exhibited higher sensitivity (93.0%) and NPV (87.5%), however, it is not specific 

(34.7%) and had a low PPV (50.0%). The use of a multi-step testing procedure was 

recommended, with a rt-PCR-based assay being the most appropriate screening 

test210. 
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1.7 Molecular typing of C. difficile 

A highly discriminatory typing method with good reproducibility that allows inter-

laboratory comparison is essential to further our understanding of the epidemiology 

of CDI and facilitate surveillance of emerging strains. With the advent of new 

technologies, molecular typing is increasingly being preferred over phenotyping 

techniques. The most widely used of these is PCR ribotyping, which is relatively 

affordable and straightforward. Other typing methods that are important in 

epidemiological investigations include restriction endonuclease analysis (REA), 

pulsed-field gel electrophoresis (PFGE), toxinotyping, multi-locus sequence typing 

(MLST), MLVA and WGS211.  

1.7.1 PCR ribotyping 

PCR ribotyping is the dominant typing method in Europe and Australia, and is based 

on the PCR amplification of the 16S-23S intergenic spacer region (ISR) of the 

ribosomal RNA (rRNA). The amplified fragments can be separated by agarose gel-

based, sequencer-based or capillary gel-based electrophoresis211. The latter can be 

performed on an automated system such as the QIAxcel (QIAGEN), which reduces 

hands-on time and produce a high-resolution electronic fingerprint file. The banding 

data, traditionally matched by eye, can then be analysed using software such as 

Bionumerics (Applied Maths, Saint-Martens-Latem, Belgium). Such programs 

facilitate sharing of data across laboratories, and makes strain identification simpler 

and more sensitive. The prohibitive aspect associated with this technology is the high 

cost (e.g. costs of cartridges, QIAxcel system hardware and analytical software). 

Currently, the Public Health England C. difficile Ribotyping Network at Leeds 

General Infirmary is the central reference laboratory that maintains the ‘UK’ library 

of PCR RTs. The library acts as a benchmark to which most typing studies around 

the world are compared. Standard nomenclature is designated by a three-digit 

number, often preceded by ‘PCR RT’ or ‘UK’. Given the lack of large reference 

library, many laboratories utilise internal nomenclature, which hinders data 

comparison between studies212.  

1.7.2 REA  

REA is the first method used to track an outbreak of C. difficile213. The method uses 

frequently-cutting restriction enzymes such as HindIII to cut whole-chromosomal 

DNA at various restriction sites. The fragments were separated and visualised by 
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agarose gel electrophoresis. The technique is reproducible and highly discriminatory, 

however it is labour-intensive and sharing of data between laboratories is difficult211. 

1.7.3 PFGE 

PFGE remains a standard for C. difficile typing among laboratories in US and 

Canada. The method uses infrequently-cutting restriction enzymes such as SmaI and 

SacII to cut genomic DNA211. Large DNA fragments are resolved by PFGE, giving 

rise to a highly discriminatory fingerprint profiles. Profiles are given a North 

America Pulsotype (NAP) number and inter-laboratory comparison is made easier by 

a PulseNet program (http://www.cdc.gov/pulsenet/) of the US Centre for Disease 

Control and Prevention (CDC). The disadvantages of PFGE include being time 

consuming and technically demanding. Additionally, the DNA of some C. difficile 

strains is more susceptible to degradation, rendering the isolate non-typeable214. 

1.7.4 Toxinotyping 

Toxinotyping classifies C. difficile according to the changes in the PaLoc compared 

to strain VPI 10463. It involves screening isolates by PCR amplification of PaLoc 

fragments, followed by resolution of restriction fragment length polymorphism 

(RFLP). The combination of RFLP types determine the toxinotype215,216. The 

technique is useful in phylogenetic study and development of diagnostic tools. This 

method, however, is limited to classification of the PaLoc region and has lower 

resolution power than other typing methods211. 

1.7.5 Sequence-based typing methods 

A major advantage of sequenced-based methods such as MLST, MLVA and WGS, is 

that the data are highly transportable from laboratory to laboratory. MLST involve 

PCR amplification and sequencing of parts of (usually) seven housekeeping loci. At 

present, there are two MLST typing schemes and corresponding databases. Griffiths 

et al. performed typing on genes adk, atpA, dxr, glyA, recA, sodA, and tpi217, while 

Lemee et al. performed on genes aroE, ddl, dutA, tpi, recA, gmk, and sodA218. A 

number is assigned to each allele and a complete analysis of the gene set generates an 

allelic profile, which are given a sequence type (ST) number. MLST was found to 

have similar discriminating power to PCR ribotyping, however, it is relatively more 

costly217,219.  

http://www.cdc.gov/pulsenet/
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MLVA utilises the naturally occurring variation in the number of tandem repeated 

DNA sequences found in various loci in the genome. The more loci analysed, the 

higher the discriminatory power. MLVA was more discriminatory than PCR 

ribotyping, REA, PFGE and MLST219. Fragments obtained from multiple singleplex 

PCR reactions are visualised by electrophoresis or sequencer-based fragment 

analyser. Fragment sizes correspond to the number of repeats at each loci. Results 

from all loci are combined to form an MLVA profile, which is useful in phylogenetic 

analysis and outbreak investigation. MLVA is labour intensive and expensive 

compared to PCR ribotyping211. 

WGS is performed by methods such as Sanger, Roche 454 and Illumina sequencing. 

The technique provide the highest-resolution of the genome and captures both large 

and small variants, which might be otherwise missed by a more targeted PCR 

approach. WGS data has a great potential and can be used to perform in silico MLST, 

MLVA and SNP typing. The latter hold the highest power in discriminating bacterial 

strains. Despite advancement in the area, the technique is still under development 

and many laboratories lack bioinformatics expertise to handle the large amount of 

data output. With rapidly declining cost, WGS is becoming more accessible and will 

likely replace the current typing techniques in the near future211,220. 

1.8 Epidemiology of C. difficile in Asia (excluding Thailand) 

1.8.1 Humans 

Following the major changes in C. difficile epidemiology in early 2000s, increasing 

number of epidemiological studies have been conducted in Asian countries. RT 027, 

which is still a major RT in North America221, has been reported only sporadically in 

Hong Kong, Japan, Korea, Singapore, China and, more recently, Taiwan222-227. 

Similarly, RT 078 has only been reported in Korea and China228,229. In 2012, a strain 

closely related to RT 078, RT 126, was reported among severe cases of CDI in 

southern Taiwan230. The RTs most commonly reported in Asia are 017, 018, 014, 

002 and 001108,228,229,231-233. These RTs are among the top 10 most commonly found 

RTs in Europe142. Of note, RT 017, which is an A−B+ strain, is the predominant 

strain in China and Korea228,229,234 and is prevalent in Japan, Taiwan and Hong 

Kong132,233,235-237. This RT has also caused epidemics in The Netherlands and 

Ireland238,239 and is an emerging RT in Australia240.  
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1.8.2 Food animals 

To date, six studies investigating C. difficile in production animals in Asia have been 

published. The studies were conducted in Japan (n=2)241,242, Taiwan (2)243,244, Korea 

(1)245, and Iran (1)246. All studies looked at C. difficile in swine populations, except 

for the Iranian study, which investigated C. difficile in calves.  

In one Japanese study 57.5% (69/120) of specimens from healthy neonatal pigs (<20 

days old) from 12 farms grew C. difficile, yielding 100 isolates. Among these, 61% 

(61/100) were toxigenic (A+B+), among which 42.6% (26/61) were also CDT+. A 

high prevalence (39.0%; 39/100) of A−B−CDT− isolates was observed. The isolates 

belonged to 14 PCR RTs. The top RTs, designated with internal nomenclature, were 

P1 (34/100), P2 (20/100, RT 038) and P3 (12/100, RT 078). All RT 078 isolates 

belonged to toxinotype V (A+B+CDT+) and had a 39-bp tcdC deletion. MLVA 

analysis of the isolates revealed RT 078 to be genetically identical to RT 078 in 

European patients and pigs. The authors speculated that RT 078 may have been 

introduced into Japan via importation of breeding pigs from European countries242.  

In Taiwan, there is a growing concern regarding the zoonotic potential of quinolone-

resistant C. difficile belonging to the RT 078 family, which are present at high 

prevalence among their piglets. Tsai et al. sampled 134 specimens from 86 (64.2%) 

<7-day-old piglets, nine (6.7%) nursery pigs and 39 (29.1%) sows from 16 farms243. 

C. difficile was isolated from 85.1% (114/134) of the specimens, all of which 

belonged to RT 078-family. This included RTs 078 (32.5%; 37/114), 126 (28.9%; 

33/114), 127 (37.7%; 43/114) and one isolate with RT 078 family marker (0.9%; 

1/114). The majority of isolates (57.9%; 66/114) carried a Thr82-to-Ile mutation in 

gyrA known to be associated with quinolone resistance3. Furthermore, tcdB sequence 

analysis of RT 078 revealed isolates from humans and piglets to be closely related243.  

Another Taiwanese study analysed faecal specimens from 204 commercial pigs (95 

suckling pigs, 56 nursery pigs and 53 sows) and found 100 (49.0%) to carry 

C. difficile244. Most (90.0%; 90/100) of the isolates were A+B+CDT+ and carried a 

39-bp deletion in the tcdC, while the remainders (10%; 10/100) were A−B−CDT−. 

All toxigenic isolates belonged to ST 11/RT 078-family, and were classified into to 

RTs 078 (20.0%; 18/90), 126 (31.1%; 28/90), 127 (47.8%; 43/90) and 066-like 

(1.1%; 1/90). Sixty-four percent (58/90) of the isolates showed identical mutation 
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(Thr82-to-Ile) in gyrA and were resistant to moxifloxacin (MIC50/MIC90 32/32 mg/L). 

The MIC50/MIC90 in mg/L of vancomycin and metronidazole against porcine isolates 

from Japan (1/2 and 0.5/8, respectively) were higher than that from Taiwan (0.38/0.5 

and 0.38/0.75, respectively)242. Most pigs carried C. difficile asymptomatically and 

only 17.6% (36/204) had diarrhoea. Diarrhoea was most common among piglets 

(30.5%; 29/95), followed by sows (9.4%; 5/53) and nursery pigs (3.6%; 2/56). 

Colonisation with RT 078 was significantly associated with scouring (yellow pasty 

diarrhoea, OR 4.5, p<0.005). MLVA analysis of RT 127 showed high genetic 

relatedness between human and porcine isolates, suggesting possible transmission or 

exposure to common source244. 

RT 078 has also been isolated at low prevalence (0.3%; 2/659) from slaughter-age 

pigs (5-6 months old) in Korea245. A study conducted in Iran reported C. difficile in 

60.0% (90/150) of calve faecal specimens246. Based on the available data, 

hypervirulent multi-drug resistant (MDR) RT 078 and 078-related C. difficile is 

prevalent among Asian porcine. This finding is similar to that observed among pigs 

in other parts of the Northern Hemisphere206. Pigs may act as a reservoir of infection 

in these communities.  

1.9 Inappropriate antibiotic use (IAU) in Thailand 

IAU leads to slower recovery (health and economic burdens), development of 

antimicrobial resistant (AMR) bacteria and increased susceptibility to CDI. A 2014 

study reported high prevalence (>70%) of MDR bacteria in healthy adults, retail food, 

food animals and the environment in Thailand247. Between 2009 and 2010, ≥90,000 

patients in Thailand were infected with AMR bacteria, of whom ca. 30,000 died247. 

Despite the concerns, limited data is available regarding IAU in Thailand. 

Like many developing countries, antibiotics can be purchased over-the-counter 

without prescription in Thailand, leading to a high level of IAU in the community. A 

survey of drug stores found that 50-100% will dispense oral antibiotics for common 

complaints including urethral discharge, acute watery diarrhoea, fever with sore 

throat, coryza, skin infection and acute dysuria. The majority of antibiotics were 

dispensed inappropriately with regards to choice and duration of treatment. Co-

trimoxazole, ampicillin, chloramphenicol, penicillin V and tetracycline were most 

commonly prescribed248. 
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IAU is also prevalent in hospitals. Studies conducted in tertiary hospitals in Thailand 

reported IAU in 25-91% of the cases249-252. The reported reasons for IAU include use 

without evidence of infection (empirical therapy), inappropriate surgical prophylaxis, 

inappropriate dose and duration, and use of broad-spectrum antibiotics when narrow 

spectrum was available and effective251. Cephalosporins and fluoroquinolones, which 

have a high attributable risk for CDI, were most frequently prescribed to treat acute 

diarrhoea in adults252,253. Third-generation cephalosporins were the antibiotics most 

commonly associated with IAU and CDI in Thailand251,253-255. Considering that 

antibiotic exposure is a major risk factor for C. difficile acquisition, CDI is likely to 

be common in Thailand. 

1.10 Studies of C. difficile in Thailand 

A systematic search of PubMed yielded 20 papers relating to C. difficile and 

Thailand254-273. Three additional articles of a similar nature were obtained through a 

manual search of various Thai databases274-276. Of the 20 studies mentioned, 11 

described the prevalence and molecular epidemiology of CDI, seven evaluated 

C. difficile detection methods, six described clinical features of CDI and three 

investigated the susceptibility of C. difficile to antimicrobials. Two studies presented 

PFGE data, and one presented MLST and PCR ribotyping data. No work has been 

published on C. difficile in animals or the environment in Thailand. 

1.10.1 Prevalence and molecular epidemiology  

The first prevalence study was conducted in 1990, among inpatients and outpatients 

of all ages at Siriraj, Ramathibodi and Children’s Hospitals. The study reported an 

overall faecal cytotoxin prevalence of 52.2% (106/203) in diarrhoeic stools, 

compared to 22.4% (17/76) in the control group256. By culture, C. difficile was 

recovered from only 4.8% (13/269) of the diarrhoeic group and 2.6% (3/114) of the 

controls. In infants aged 0-3 years old, antimicrobial exposure appeared to be a risk 

factor for CDAD. Faecal cytotoxin was detected at higher frequency in 

antimicrobial-treated (60.9%) compared to non-antimicrobial-treated infants 

(50.5%)256. 

Following this first publication, a study was conducted to assess the incidence of 

CDAD among adult patients (>15 years old) at Siriraj Hospital, Bangkok, between 

1991 and 1994259. This study compared patients who received either clindamycin or 
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a β-lactam antimicrobial with non-antimicrobial-treated controls. Most patients who 

received β-lactams were treated with ampicillin, and first- (cefazolin) and third-

generation cephalosporin (cefotaxime, ceftriaxone and ceftazidime). No patient had 

history of diarrhoea, exposure to antimicrobials within 30 days prior to enrolment, 

underlying GI illness, granulocytopenia or diabetes mellitus. The incidence of 

diarrhoea was not significantly different between three groups, however, toxin A was 

detected significantly more frequently (p=0.004) among clindamycin (10.7%; 15/140) 

and β-lactam-treated patients (10.0%; 14/140) than the controls (1.4%; 2/140). The 

overall prevalence of CDAD was also significantly higher in the antimicrobial-

treated group (14.3%; 20/140) than controls (0.7%; 1/140) (p=0.02)259. The 

discrepancy between the prevalence of CDAD in the previous study (52.2%) 

compared to this study may be due to differences in detection method used (a highly 

sensitive CCCNA in the first publication and a less sensitive toxin A EIA [TechLab, 

Bio Whittaker] in the second) or differences in patient characteristics (84.8% of 

patients in the first publication were aged between 0-3 years, while the second 

publication only included patients aged >15 years). However, the fact that only 4.8% 

of the diarrhoeal group and 2.6% of controls were culture positive suggests technical 

problems in either the CCCNA or the culture method256. 

Three studies published between 1998 and 2001 investigated the prevalence of 

C. difficile among immunocompromised patients. The first of these detected faecal 

toxin A (TechLab, Bio Whittaker) in 36.7% (11/30) of febrile neutropenic paediatric 

oncology patients at Siriraj Hospital274. None of the patient in the study had 

abdominal cramps or diarrhoea, suggesting asymptomatic colonisation was more 

likely. The second study investigated C. difficile prevalence in a human 

immunodeficiency virus (HIV)-positive cohort261. Significantly more faecal toxin 

(Meridian Premier) was detected in HIV-positive diarrhoeal patients (58.8%; 20/34) 

than HIV-negative diarrhoeal patients (36.5%; 99/271) (p=0.012). Toxin A was 

detected in 12.6% (21/167) of HIV-positive non-diarrhoeal patient. The study also 

reported six different PFGE types among 11 isolates, which were designated with 

internal nomenclature (types A-F). The third study investigated the prevalence of 

enteric pathogens in diarrhoeal patients with acquired immunodeficiency syndrome 

(AIDS) at Siriraj and Bamrasnaradura Hospitals. C. difficile toxin A was detected by 

EIA (Oxoid) in 15.6% (16/102) of HIV-positive patients262.  
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In 2001, Wongwanich and others investigated the prevalence of C. difficile among 

asymptomatic children, and adults with AAD and non-AAD at Siriraj Hospital. 

Faecal specimens were cultured onto CCFA and the presence of the tcdA was 

confirmed with an in-house PCR263. C. difficile was isolated from 11.9% (28/235) 

and 21.1% (16/76) of asymptomatic infants (<12 months old) and children (1-11 

years old), respectively. The carriage rate in this study was higher than previously 

observed in 1990 among 0- to 3-year-old infants (2.9%; 3/103)256. The discrepancy 

may be due to true increase in prevalence, differences in detection method or 

differences in patient demography. All but two isolates from infants and children 

were negative for tcdA. In diarrhoeal adult patients, significantly more C. difficile 

was recovered from stools of the antimicrobial-treated (41.7%; 20/48) than the non-

antimicrobial-treated group (15.5%; 13/84) (p<0.001). TcdA was detected in 10 and 

eight isolates of C. difficile from the antimicrobial-treated and non-antimicrobial-

treated groups, respectively. As only the presence of tcdA was investigated, the rest 

of the C. difficile isolates may have been non-toxigenic or toxin A-negative strains. 

TcdA was most prevalent among the >60-year-old age group, although the difference 

compared to other age groups was not significant (p=0.287). The study reported 14 

PFGE types and eight subtypes among 77 C. difficile strains isolated263. 

In 2003, researchers investigated the prevalence of C. difficile among 284 patients 

admitted between January 2000 and May 2001 for suspected AAD at Siriraj Hospital. 

An additional 290 faecal specimens obtained from government and private hospitals 

in Thailand were also included264. C. difficile was isolated from 18.6% (107/574) of 

patients. Of the 107 culture positive stools, 44.9% were tcdA and tcdB positive by 

PCR, and 46.7% were toxins A/B positive by an EIA (Meridian Premier Cytoclone). 

Concordance between PCR and EIA methods was observed in 97 (90.6%) stool 

samples. A similar albeit slightly higher prevalence of toxin genes was reported 

when PCR was performed on the C. difficile isolates (48.6%). Only one isolate was 

positive for tcdB but negative for tcdA. The study also found that 13.1% (14/107) of 

non-toxigenic (AB) isolates had a positive stool tcdA and tcdB result suggesting 

possible co-infection with multiple strains of C. difficile264.  

In 2011, a retrospective study conducted on inpatients (>14 years old) at Siriraj 

Hospital from January to December 2008 was published266. The aim was to 

determine the prevalence, risk factors, treatments and outcomes of nosocomially-
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acquired CDAD. C. difficile toxins A and B were detected in 12.3% (25/203) of 

diarrhoeal patients by an immuno-chromatographic method (Remel Xpect). Exposure 

to anti-neoplastic drugs, multiple antimicrobials or PPIs, and haematological 

malignancy, were independent risk factors associated with development of CDAD. 

Most patients were diagnosed by the detection of toxin in stool and seven by the 

presence of PMC on colonoscopy. Metronidazole was used to treat 82.3% of the 

cases (74.5% response rate), while vancomycin was used only in severe cases. 

Mortality due to CDAD was 3.2% (2/62)266.  

In 2012, a study described the prevalence of hospital-acquired CDAD in patients 

(≥15 years old) at Ramathibodi Hospital267. Of 175 stool specimens, 26.9% of 

patients were positive for C. difficile. These include 12.6%; who were positive for 

toxins A/B by EIA (VIDAS bioMérieux), and 24%; who were positive for tcdB by 

PCR. Concordance between the two methods was 83.2%. Leukocyte counts of 

>15,000 cell/mm3 and development of diarrhoea after at least 10 days of 

antimicrobial administration were significantly associated with CDAD. Mortality due 

to C. difficile was reported to be 6.4%267. 

The most recent prevalence study was published in 2016272. It was a retrospective 

investigation of the prevalence of toxigenic C. difficile in a 1,200-bed tertiary 

hospital in Bangkok (Rajavithi Hospital) and included inpatients admitted between 

January 1st, 2009 and June 30th, 2015. The overall prevalence of C. difficile toxin in 

stool specimens was 9.6% (561/5821): 10.2%, 7.6%, 5.6%, 9.6%, 9.7%, 15.4% and 

12.0%, from years 2009-2015, respectively. For toxin positive specimens, 80.7% 

(453/561) were further analysed for the presence of toxigenic C. difficile. 

Approximately half (56.5%; 256/453) of the specimens belonged to female patients. 

Toxigenic C. difficile was recovered most frequently from patients aged >65 years 

(58.3%; 264/453). The prevalence of toxigenic C. difficile was 7.7% among 

outpatients and 92.3% among inpatients. Highest prevalence of toxigenic strains 

were found among patients in internal medicine ward (73.0%), followed by surgery 

(8.9%), ICU (6.2%), gynaecology (2.4%), radiation oncology (2.2%) and 

orthopaedic (1.1%) wards272. 

The only study with internationally recognised C. difficile typing data was published 

in 2015271. PCR ribotyping, PFGE, MLST and PCR assays for toxin genes (tcdA, 
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tcdB, cdtA and cdtB) were performed on 53 toxigenic C. difficile isolated from 

patients admitted to Siriraj Hospital between 2006 and 2008. CDI patients aged 1-97 

years (mean 64 years). Among these, 62.3% (33/53) were female and 81.1% (43/53) 

were exposed to antibiotic in the 2 months preceding diagnosis. The most commonly 

used antibiotic was β-lactam (56.3%; 71 of 126 administration events). 

Metronidazole was used to treat 77.5% (31 of 40 cases with available data) of the 

cases, with 83.9% (26/31) cure rate. Patients unresponsive to metronidazole were 

treated with vancomycin, all of whom were cured. Of the 53 isolates, 30 (56.6%) 

were A+B+, 23 (43.4%) were AB+ and none were CDT+. Isolates belonged to 13 

RTs, of which five were internationally recognised: RTs 017 (41.5%; 22/53), 

014/020 (20.8%; 11/53), 046 (11.3%; 6/53), 001 (1.9%; 1/53) and 056 (1.9%; 1/53). 

High prevalence of RT 017 AB+CDT isolate is consistent with data from other 

Asian countries108. Eleven STs were found, of which STs 45 (45.3%; 24/53) and 33 

(24.5%; 13/53) were the most common. All but one (95.7%; 22/23) AB+ strains 

belonged to ST 45. Four PFGE types were assigned using internal nomenclature. 

PCR ribotyping and MLST results shown high concordance, while PFGE classified 

strains differently271.  

In summary, the prevalence of CDI in Thailand ranged from 4.8-52.2%; depending 

on detection methods, patient demography and exclusion criteria. Variations in these 

factors made comparison of the data from various studies problematic. It was 

noteworthy that most prevalence studies were conducted among patients admitted at 

Siriraj Hospital, the biggest public hospital in Thailand (2,300 beds) and the 

country’s most well-funded research facility. Although this is not unexpected, given 

the prominent role of the institution in providing healthcare services in Thailand, 

further studies should be conducted at other healthcare facilities, in order to obtain a 

more complete overview of the prevalence of C. difficile in this country. 

1.10.2 Laboratory detection methods 

In the early 1990s, the National Institute of Health (NIH) Thailand published two 

studies evaluating a latex agglutination test for detection of C. difficile toxin A (CD 

D-1)255,257. The aim of the first study was to evaluate the value of a latex 

agglutination test in detecting toxin A in one ascitic fluid, and 38 faecal specimens 

obtained from healthy and immunocompromised patients with diarrhoea255. Inclusion 

criteria included exposure to antimicrobials within the preceding 4 to 6 weeks of 
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diarrhoea onset, having no other obvious aetiology, having PMC at colonoscopy or 

responding appropriately to the treatment with vancomycin, metronidazole or fusidic 

acid. In total, seven faecal samples and one ascitic fluid met the criteria for suspected 

CDI, and gave positive results with the latex agglutination test, however, only two 

samples were culture positive. Among the seven positive specimens, one was from 

patient with PMC and four were from patients with nonspecific colitis. The 

underlying illnesses of seven patients included lymphoma/leukaemia, systemic lupus 

erythematous, vasculitis, salmonellosis and amoebiasis. Clindamycin, penicillin and 

cephalosporin (cefazolin, ceftriaxone and ceftazidime) appeared to be the risk factors 

associated with CDI in these cases255.  

The objective of the second study was to investigate the reactivity of CD D-1 latex 

agglutination test for the detection of 11 toxigenic and three non-toxigenic C. difficile 

strains257. The study also included 46 anaerobic and 66 aerobic bacterial strains. All 

C. difficile strains and three other species gave positive results with the latex 

agglutination test (C. putrificum, C. sporogenes and C. botulinum). All other species 

produced negative results257. First marketed in the late 1980s, under license from 

Mitsubishi Chemical Industries, Japan, the CD D-1 kit was originally intended for 

the detection of C. difficile enterotoxin (toxin A). However, numerous studies, 

including the above, have shown that the kit does not detect toxin A, but rather the 

GDH enzyme, produced by all C. difficile and some other species of bacteria257,277,278. 

This explains previous observations by Borriello et al.278, where the agglutinating 

material could be physically separated from toxins A and B, and agglutination 

occurred with both toxigenic and non-toxigenic C. difficile, as well as other bacterial 

species (C. sporogenes, C. botulinum and Bacteroides assacharolyticus)278. The 

results obtained in the above study by Thai researchers were generally in agreement 

with the Borriello et al.278 observations, with an exception of B. assacharolyticus, 

where agglutination was not observed257. 

A study published by the Thai NIH in 1995 investigated leucine arylamidase activity 

for the identification of C. difficile isolated from diarrhoeal patients276. All 32 test 

strains of C. difficile (both toxigenic and non-toxigenic), and three strains of C. 

bifermentans gave positive results. Negative results were obtained for the other 

species tested including 15 species of clostridia and 10 other bacteria276. Although 

cross reactions with C. bifermentans could be overcome by observation of the colony 
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morphologies, the test did not differentiate between toxigenic and non-toxigenic 

strains of C. difficile. This meant that the positive result does not necessarily indicate 

a clinical infection, making it unsuitable as a stand-alone diagnostic tool. Despite 

these shortcomings, the test appeared specific, rapid (≤4 h), simple and inexpensive, 

suggesting its suitability as an initial screening tool in resource limited settings.  

In the 2000s, two studies were conducted with aims of describing C. difficile 

prevalence as well as evaluating C. difficile detection methods264,267. In 2003, by 

comparing the performance of toxins A/B EIA (Meridian Premier Cytoclone) and 

PCR for tcdA and tcdB in detection of C. difficile in culture positive stool specimens, 

one report showed a good correlation between the two techniques264. Discordant 

results, which occurred in only 9.3% (10/107) of the samples, may have been due to 

the degradation of toxins during transportation (negative EIA/positive PCR results), 

or cross reactions with C. sordellii toxin (positive EIA/negative PCR results). 

Additionally, 16.8% of toxigenic strains (18/107) were isolated from PCR negative 

specimens, possibly due to the presence of PCR inhibitors in the sample264. Such 

observations emphasise the importance of an appropriate and timely way to transport 

specimens in resource poor settings. The later study published in 2012 showed PCR 

for tcdB to be 2-fold more sensitive than toxins A/B EIA (VIDAS bioMérieux) for 

detecting C. difficile in stool specimens267, however, the commercial EIA used in this 

study is recognised as the least sensitive of the commercially-available EIAs279 and 

this may account for the discrepancies observed. Another limitation of this study was 

the lack of an alternative detection method to resolve discordant results267. 

In 2013, a study aimed: (1) to develop and assess the sensitivity and specificity of an 

in-house multiplex PCR for the detection of tcdA, tcdB, cdtA, cdtB and the 16S 

ribosomal DNA (rDNA) gene; (2) to optimise sample processing by enhancing spore 

germination; and (3) to test the efficacy of the optimised techniques in the detection 

of C. difficile in clinical specimens268. Using DNA from C. difficile R20291 (a RT 

027 strain), the detection limit of the PCR was 22 genomic copy numbers per 

reaction. To assess primer specificity the assay was also performed on 14 other 

strains of non-difficile-Clostridium and non-Clostridium species, all of which 

produced negative results. To optimise the sample processing method, homogenised 

faecal specimens were spiked with 100 C. difficile spores and underwent various 

treatments. The best option was non-selective enrichment at 37°C for 1 h in brain 
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heart infusion broth (BHIB) supplemented with sodium taurocholate. This optimised 

method had a detection limit of 5 spores/g of faeces. To evaluate its efficacy, the 

technique was applied in 238 faecal samples collected from patients with suspected 

CDI. All samples were positive for the 16S rDNA gene. Toxigenic culture and toxins 

A/B EIA (VIDAS bioMérieux) were also performed. Agreement between the three 

methods was observed for 76.5% (182/238) of the samples. Using toxigenic culture 

as the gold standard, concordance was observed with PCR and EIA in 88.2% 

(210/238), and 86.6% (206/238) of the samples, respectively268. Although the 

multiplex PCR exhibited high sensitivity and specificity for tcdA and tcdB, the gel 

electrophoresis image of various C. difficile PCR RTs suggested an issue with primer 

design. The gel image shows multiple known CDT strains to have positive cdtA/B 

PCR results (including RTs 001, 020, 029, 046, 056, 070, 077, 095 and 106). 

A 2015 study evaluated a two-step C. difficile testing protocol which involved 

concurrent screening of specimens with GDH (Meridian Premier) and toxins A/B 

EIAs (VIDAS bioMérieux), and resolving discordant results using in-house PCR 

assays for tcdA and tcdB. The latter was used as a reference standard to calculate the 

performance of diagnostic tests. Of the 91 patients with suspected CDI (patients with 

diarrhoea non-attributable to other cause), 22 (24.2%) tested positive by PCR method 

(68.1%; 15/22 A+B+ and 31.8%; 7/22 AB+). The sensitivity, specificity, PPV and 

NPV were 95%, 67%, 48% and 98% for GDH EIA, 73%, 96%, 84% and 92% for 

toxins A/B EIA. Stool culture was performed on phenylethyl alcohol agar following 

ethanol shock and isolates were sub-cultured onto Brucella agar. With this method, 

the sensitivity and specificity were 82% and 88%. The study concluded with a 

recommendation for a two-step algorithm (GDH and toxins A/B EIA, followed by 

PCR assays for tcdA/B), which detected 20% more cases of CDI compared to the 

pre-existing protocol (toxins A/B EIA alone)254. 

One feature of five articles published between 1995 and 2008 was the use of a toxin 

A EIA as the sole method of detection of C. difficile258,259,262,265,274. Toxin EIA is 

currently the only method used in most hospitals in Thailand254. Given the high 

prevalence of AB+ RT 017 in this region108 and the low sensitivity of EIA, the 

widespread use of toxin A EIA alone is likely to have led to an underestimation of 

the true prevalence. EIA, being relatively cheap, easy to use and not requiring 

specialised laboratory equipment or time, appeared to be favoured by many 
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researchers255,257,258. A major difficulty relating to the use of CCCNA in resource 

limited settings is the need to maintain cell-lines274. In Thailand, a PCR method for 

the detection of tcdA was first used in 1995 and then in 2001263,276. Direct detection 

of both tcdA and tcdB in stools was used in 2003264 and, since then, three other 

studies have used PCR methods for the detection of toxin genes254,267,268. Although 

one study evaluating multiplex PCR gave rise to contradictory results regarding the 

presence of cdtA/B in C. difficile strains268, these publications signalled that 

awareness of alternative detection methods is on the rise. 

1.10.3 Antimicrobial susceptibility of C. difficile  

Researchers from NIH, Thailand, published two studies in 1994 and 1996 

investigating the antimicrobial susceptibility of C. difficile strains isolated from Thai 

patients. The aim of the first study was to assess the susceptibility of 28 C. difficile 

strains and 11 non-C. difficile clostridia obtained from colitis and diarrhoeal patients, 

to 16 antimicrobials275. The identity of presumptive C. difficile isolate was confirmed 

by the positive leucine arylamidase activity and the presence of GDH enzyme by a 

latex agglutination test (CD D-1, Mitsubishi Chemical Inc.). Using a broth-disk 

elusion technique, all isolates were shown to be susceptible to carbenicillin, 

metronidazole and vancomycin. Among other antimicrobials, piperacillin was most 

active (4% resistance), followed by rifampin, chloramphenicol, ticarcillin and 

penicillin, which showed intermediate activities (14-32% resistance). A high degree 

of resistance (≥50%) was observed for cefazolin, cefoperazone, tetracycline, 

erythromycin, clindamycin, ampicillin, bacitracin and cefoxitin, the latter being the 

least active against C. difficile tested. Twenty-seven AMR profiles were observed. 

All but one isolate of C. difficile were resistant to ≥2 antimicrobials.  

The second study evaluated the activity of four antimicrobials against 38 strains of 

C. difficile isolated from patients with colitis and diarrhoea260. Identification of 

C. difficile isolates was done as mentioned above. Using the E-test (AB Biodisk), the 

MIC90 of teicoplanin, vancomycin, metronidazole and clindamycin were 0.5, 2.0, 0.5 

and ≥256 mg/L, respectively. According to the National Committee for Clinical 

Laboratory Standards (NCCLS) MIC break points for each antimicrobial, all isolates 

were susceptible to teicoplanin, vancomycin and metronidazole. Resistance to 

clindamycin was observed in 39.5% of isolates. Teicoplanin appeared to be ca. 4-fold 

more potent than vancomycin, indicating its potential as a therapeutic drug option.  
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More recently, 53 isolates of toxigenic C. difficile collected from patients admitted to 

Siriraj Hospital between 2006 and 2008 were tested against seven antibiotics using 

E-test (AB Biodisk)271. All isolates were susceptible to metronidazole (MIC50/MIC90 

0.064/0.125 mg/L), tigecycline (MIC50/MIC90 <0.016/0.023 mg/L) and daptomycin 

(MIC50/MIC90 0.19/0.75 mg/L). Susceptibility to vancomycin (MIC ≤2 mg/L) was 

observed in all but one (98.2%; 52/53) isolate, which has an MIC of 3 mg/L. Over 

half (54.8%; 29/53) of the isolates were susceptible to moxifloxacin (MIC <4 mg/L), 

while all but one of the remainders (43.4%; 23/53) had MICs of >32 mg/L. The 

MICs of ciprofloxacin was >32 mg/L for all isolates. The MIC50/MIC90/MIC range 

of linezolid were 0.19/0.5/0.023-2 mg/L271. Consistent with the current literature, 

C. difficile in Thailand are highly susceptible to metronidazole and vancomycin, 

which are recommended for treatment of CDI143. 

1.10.4 Clinical features, treatment and outcomes of CDI 

From July 1993 to August 1994, 34 oncology patients at Chulalongkorn Hospital 

developed diarrhoea and colitis following administration of anti-neoplastic agents258. 

Diarrhoeal samples from six patients tested positive for C. difficile toxin A by EIA 

(Meridian Premier). Clinical records demonstrated GI malignancy to be the 

underlying illness in three patients and five were treated with 5-fluorouracil. No 

patient had received antimicrobials in the 6 weeks leading up to the onset of 

diarrhoea. All patients developed moderate to severe diarrhoea, requiring 

hospitalisation and fluid replacement, with one patient developing high fever 

(38.5°C). Diarrhoea resolved after vancomycin administration in three patients and 

without specific treatment in others. All diarrhoeal episodes resolved within 4-10 

days. The study demonstrated that 5-fluorouracil is a potential risk factor for CDI 

and alerts physicians to consider C. difficile as an aetiological agent of diarrhoea in 

oncology patients, who have been exposed to anti-neoplastic agents, with or without 

recent exposure to antimicrobials258.  

Later, a retrospective study was conducted to investigate risk factors, clinical features, 

treatment and outcomes of patients with CDAD at the same hospital265. All patients 

whose diarrhoeal samples tested positive for C. difficile toxin A by EIA (Oxoid) 

between January 2002 and July 2005 were included. Of the 88 potential subjects, 56 

(63.6%) patients, aged 4 months to 93 years, had accessible medical records and 

were included in the analysis. Of these, 89.3% had underlying disorder, with 
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malignancies being the most common (51.8%). All patients had been exposed to at 

least one antimicrobial in the preceding 60 days, with cephalosporins and 

carbepenems being most common. Metronidazole and vancomycin were suspected to 

be the offending drugs in two and four cases, respectively. A total of 25 (44.6%) 

patients received gastric-suppressants (omeprazole or ranitidine), which were 

administered between 5 and 170 days prior to the onset of diarrhoea. 

Chemotherapeutic agents were used in 12 (21.4%) patients and administered between 

5 and 48 days prior to the diagnosis. The most common combination of anti-

neoplastic agents used were cytarabine and idarubicin (6/12). The examination of 50 

stool specimens revealed 10 (20%), 17 (34%) and 25 (50%) samples to contain 

erythrocytes, mucous or blood, and leukocytes, respectively. Of the three 

colonoscopy and two biopsies performed, no PMC and two non-specific colitis were 

noted. Eight (14.3%) patients did not receive specific treatment and only one in eight 

showed clinical improvement. Among those who received treatment, 38 (67.9%), 

four (7.1%) and two (3.6%) received oral metronidazole, intravenous metronidazole 

and oral vancomycin, respectively. Of 48 treated subjects, 32 (66.7%) showed 

clinical improvement (diarrhoea resolution) within 11 days, 12 (25.0%) did not show 

improvement and two (4.2%) had recurrent CDAD following treatment with oral 

metronidazole. Of the 12 patients who did not respond to the treatment, four did not 

discontinue the agent suspected to cause CDAD. The all-cause mortality was 37.5% 

(21/56) with none being a C. difficile-related death265. With oral metronidazole as the 

main therapeutic drug, the response rate of 66.7% was lower than the rate observed 

in studies published prior to 2002 (90 [Canada]-98% [US])280,281 but similar to more 

recent data (74.3 [Canada]-74.5% [Thailand] for metronidazole)266,281. As no 

statistical analysis was included in the study the significance of the results is unclear. 

In 2013, a study described the computed tomography (CT) features of patients with 

clinically proven C. difficile colitis269. Pancolonic wall thickening, mild pericolonic 

stranding and accordion sign appeared to be the key features of C. difficile-associated 

colitis269. CT scan is an attractive option for patients with suspected C. difficile-

associated colitis who, due to the underlying conditions, cannot undergo colonoscopy. 

Despite the small sample size, this study provides valuable information to assist 

physicians in clinical diagnosis. In 2014, a case of extra-intestinal infection 
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(puerperal retroperitoneal abscess) caused by non-toxigenic C. difficile was 

reported270.  

A 2015 study described clinical characteristics of 91 cases of suspected CDI (patients 

with diarrhoea non-attributable to other cause)254. CDI cases (24.2%; 22/91) were 

patients tested positive for tcdA or tcdB with in-house PCR assays, while non-cases 

(75.8%; 69/91) were PCR negative patients. Cases and non-cases were similar in age 

(mean age 60.1 vs. 59.9 years) and duration of admission prior to diarrhoea 

development (median 14 vs. 15 days). All but three non-cases patients (96.7%; 88/91) 

had underlying diseases. Malignancy (51.1%; 45/88) and organ failure (50.0%; 44/88) 

were the most common co-morbidities. Most patients (97%; 88/91) were exposed to 

antimicrobials in the preceding 3 months, equating to 109 administration events. 

Exposure to β-lactams was significantly associated with CDI (p<0.05). More cases 

than non-cases were exposed to third-generation cephalosporin (41.7%; 10/24 vs. 

20.0%; 17/85), carbapenem (33.3%; 8/24 vs. 28.2%; 24/85) and PPI (91.6%; 11/12 

vs. 75.6%; 31/41). Significantly (p<0.02) more cases than non-cases had watery 

(40.9%; 9/22 vs. 69.6%; 48/69) and inflammatory diarrhoea (59.1%; 13/22 vs. 30.4%; 

21/69). More cases than non-cases experienced fever (54.5%; 12/22 vs. 37.7%; 26/69) 

and abdominal pain (50.0%; 11/22 vs. 42.0%; 29/69). Histological analyses revealed 

significantly lower stool white blood cell count (<10 cells/high power field) among 

cases than non-cases (72.7%; 16/22 vs. 89.9%; 62/69, p=0.046). Among 22 cases, 15 

(17%), one (5%) and one (5%) were treated with metronidazole, vancomycin, and a 

combination of metronidazole and vancomycin. The offending antibiotic was 

discontinued in 9 (40.9%) patients. At 30 days post-treatment, 63.6% (14/22) of the 

patients were cured while 13.6% (3/22) developed persistent/recurrent infection. The 

30-day mortality rate was 22.7% (5/22)254.  

In summary, the clinical features associate with CDI in Thai patients includes watery 

and inflammatory diarrhoea, fever, abdominal cramps, low stool white blood cell 

count and PMC. The treatment options of CDI in Thailand were discontinuation of 

the offending antimicrobial, fluid replacement, treatment with metronidazole, 

vancomycin or fusidic acid, and surgical removal the necrotic GI tissue. In general, 

studies have cited exposure to antimicrobials (especially cephalosporin and 

carbapenem), anti-neoplastic agents and anti-secretory agents, advanced age, 

malignancy, leukocytosis and HIV-positivity to be the risk factors associated with 
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CDI. The clinical features, treatment and risk factors observed were similar to those 

reported in the existing literature from developed countries. 

1.11 Research aims and thesis structure 

The main objective of this thesis was to describe various aspects of CDI in Thailand. 

Given the lack of consensus regarding the optimal C. difficile diagnostic method, the 

first step was to evaluate the performance of commercial diagnostic tests (Chapter 3). 

Three studies were conducted. The first study compared the performance of two 

types of GDH EIAs, which were recommended for use in a multi-step testing 

algorithm to save cost and time, and increase diagnostic accuracy. The second study 

investigated the performance of the BD MAX Cdiff assay, which is currently being 

used in routine laboratories in Thailand and Australia. Finally, given that few studies 

have exclusively evaluated C. difficile diagnostic tests in paediatric populations, a 

third study evaluated the performance of diagnostic tests for use in detection of 

C. difficile disease in children. 

Following this, later findings were structured into two parts with specific objectives 

as follows. Chapter 4 reports the investigation of CDI among hospitalised patients in 

Thailand. The study aimed to determine the prevalence, epidemiology and 

characteristics of CDI, and describe molecular characteristics and antibiotic 

susceptibility of C. difficile isolates. This chapter also investigated the accuracy of 

C. difficile testing in a Thai hospital. Chapter 5 is an investigation of C. difficile in 

food animals and environment in Thailand. The study aimed to describe the 

prevalence and epidemiology of C. difficile in piglets, the piggery environment and 

Thai retail food products, and describe molecular characteristics and antibiotic 

susceptibility of C. difficile isolates. 

The thesis concludes with a chapter of general discussion (Chapter 6).  
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Chapter 2 Materials and methods 

2.1 Materials 

2.1.1 Media  

ChromID C. difficile agar .................... bioMérieux, Marcy, I’Etoile, France 

The following media were prepared by PathWest Laboratory Medicine WA 

(PathWest) Media, Mount Claremont, Western Australia (WA), Australia:  

BA. 

BHIB supplemented with 15% glycerol.  

BHIB supplemented with 1 g/L taurocholate, 250 mg/L cycloserine and 8 mg/L 

cefoxitin. 

Brucella agar supplemented with 5 µg/mL hemin, 1 µg/mL vitamin K1, 5% v/v laked 

sheep blood and varying concentrations of antibiotics (described in Section 2.2.4). 

Brucella agar plates were prepared according to the Clinical and Laboratory 

Standards Institute (CLSI) guideline282 and were used in antibiotic susceptibility 

testing experiments.  

CCFA. 

Robertson’s cooked meat broth (CMB) supplemented with 1 g/L taurocholate, 250 

mg/L cycloserine and 8 mg/L cefoxitin. 

2.1.2 Buffers and solutions 

0.85% NaCl solution ........................... PathWest Media 

Chelex-100 .......................................... Sigma Aldrich, Castle Hill, NSW, Australia 

Ultra-pure (UP) H2O ........................... Fisher Biotec, Perth, WA, Australia 

A 5% w/v Chelex-100 solution was prepared by suspending 50 g of Chelex-100 resin 

in 1 L of UP H2O. 

2.1.3 PCR reagents 

AmpliTaq Gold DNA polymerase ...... Applied Biosystems, Foster City, CA, USA 

Bovine serum albumin (BSA) ............. Sigma Aldrich 

dNTPs .................................................. Fisher Biotec 
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GeneAmp 10× PCR Buffer II ............. Applied Biosystems 

MgCl2 .................................................. Applied Biosystems 

Primers ................................................ GeneWorks, Thebarton, SA, Australia 

2.1.4 Commercial kits 

BD GeneOhm Cdiff ............................ BD Diagnostic, Franklin Lakes, NJ, USA 

BD MAX Cdiff ................................... BD Diagnostic 

C. Diff Chek-60 (Chek-60) ................. Alere North America, Inc., Orlando, FL, USA 

C. Diff Quik Chek Complete (QCC) .. Alere 

L-proline aminopeptidase test 

(DIATABS) ......................................... Rosco Diagnostica, Tasstrup, Denmark 

illumigene C. difficile .......................... Meridian Bioscience, Cincinnati, OH, USA 

MinElute PCR Purification Kit ........... QIAGEN, Venlo, The Netherlands 

2.2 General laboratory methods 

2.2.1 Culture 

Unless noted, all anaerobic incubation was performed at 35°C in an A35 anaerobic 

chamber (Don Whitley Scientific Ltd., Shipley, West Yorkshire, UK) containing 

80% N2, 10% CO2 and 10% H2. CCFA and BA were pre-reduced for 2 h in an 

anaerobic chamber before use for culture. BHIB supplemented with taurocholate, 

cycloserine and cefoxitin were pre-reduced for ≥12 h prior to use. 

2.2.1.1 Direct culture 

2.2.1.1.1 CCFA 

A 10 µL loop or a swab of stool was streaked for single colonies on a pre-reduced 

CCFA and plates were incubated anaerobically for 48 h. The presumptive C. difficile 

colonies appeared as yellow, ground-glass, flat colonies with smooth or filamentous 

edges. 

2.2.1.1.2 ChromID C. difficile agar 

A 10 µL loop or a swab of stool was streaked for single colonies on ChromID agar 

and plates were incubated anaerobically for 48 h144. The presumptive C. difficile 
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colonies appeared as dark grey or black ground-glass, flat colonies with smooth or 

filamentous edges. Some isolates lacked the ability to hydrolyse esculin and 

appeared white or translucent283,284. 

2.2.1.2 Enrichment culture 

2.2.1.2.1 CMB  

This enrichment procedure was used for rectal swabs, faecal specimens and seafood 

samples. A 10 µL loop of faecal specimen, a rectal swab or a swab of food specimen 

was inoculated into a 10 mL CMB and incubated aerobically with lid tightly closed 

at 35°C for ≥48 h. To select for spores, 1 ml of each enrichment broth was added to 

an equal volume of absolute ethanol, left at room temperature for ≥1 h and then a 10 

µL loop was streaked for single colonies on ChromID agar. The plates were further 

incubated anaerobically for 48 h and colonies examined as described in Section 

2.2.1.1.2. 

2.2.1.2.2 Supplemented BHIB 

This enrichment procedure was used for environmental specimens. Approximately 

10 g of soil or 10 mL of water samples were inoculated into a 90 mL pre-reduced 

BHIB supplemented with taurocholate, cycloserine and cefoxitin, and incubated 

aerobically with lid tightly sealed at 35°C for 7 days. To select for spores, 1 ml of 

each enrichment broth was added to an equal volume of absolute ethanol, left at 

room temperature for ≥1 h and then a 10 µL loop was streaked for single colonies on 

ChromID agar. The plates were further incubated anaerobically for 48 h and colonies 

examined as described in Section 2.2.1.1.2. 

2.2.1.3 Isolation and phenotypic characterisation of C. difficile colonies on 

BA  

All presumptive C. difficile colonies were sub-cultured onto a pre-reduced BA and 

incubated anaerobically for 48 h. Colonies were identified based on their 

characteristic chartreuse fluorescence under long-wave UV light (360 nm), colony 

morphology (ground glass appearance, opaque, greyish-whitish and non-haemolytic) 

and odour (horse dung smell). The identity of uncertain isolates was confirmed by 

the presence of the L-proline aminopeptidase activity (DIATABS).  

To obtain a purity plate, a second sub-culture was performed on BA and plates were 

incubated anaerobically for 48 h. DNA extraction (as described in Section 2.2.3.1) 
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was performed at this stage and plates were further incubated anaerobically for ≥48 h 

to allow for spore formation. Spores were harvested with a sterile swab, inoculated in 

a glycerol stock solution (BHIB supplemented with 15% glycerol) and kept at −80°C 

for long-term storage. 

2.2.2 CCCNA 

CCCNA was performed to detect the presence of preformed toxin B in human stool 

specimen. The assay was conducted by inoculating ultra-filtrate of stool specimen 

onto VERO cells with and without the anti-toxin. The cells were incubated at 37°C 

in an atmosphere containing 5% CO2 and were examined at 24 and 48 h for 

cytopathic effects (cell-rounding) and neutralisation of this by the anti-toxin. 

2.2.3 Molecular characterisation of C. difficile isolates 

2.2.3.1 DNA extraction 

A 1 µL loop of a 48 h culture on BA was emulsified in a 100 µL of 5% w/v Chelex-

100 solution. The mixture was vortexed, heated to 100°C for 12 min and spun in a 

centrifuge at 14,000×g for 12 min at 4°C. The resulting supernatant was pipetted into 

a sterile RNase- and DNase-free Eppendorf tube and stored at -20°C.  

2.2.3.2 Toxin genes detection 

The presence of C. difficile toxin genes (tcdA, tcdB, cdtA and cdtB) were determined 

by PCR assays previously described with some modifications161,162,285. The primers 

used to amplify fragments of target genes are listed in Table 2.1. Both non-repeating 

and repeating regions of tcdA were amplified. Isolates were deemed tcdA positive 

when they yielded a 252 bp product from primers NK3-NK2 and a 193 bp product 

from primers tcdA1-tcdA2. Isolates that did not yield either a product from primers 

NK3-NK2 or tcdA1-tcdA2 were categorised as tcdA negative. Otherwise isolates 

were categorised as being positive for target gene if they yielded a product from the 

relevant primers.  

The reaction mixes consisted of 0.75 units of AmpliTaq Gold DNA polymerase, 

0.01% w/v BSA, 0.2 mM dNTP, 1× reaction buffer (GeneAmp 10× PCR Buffer II), 

2 mM MgCl2 and 0.2 µM of each primer. Except for mixes containing primers 

tcdA1-tcdA2, where a 4 µL aliquot of the DNA template (obtained as described in 

Section 2.2.3.1) was added to 16 µL of each PCR mix, a 2 µL aliquot of the DNA 

template was added into 18 µL of each PCR mix. A positive control strain 



Table 2.1 Oligonucleotide primers used in toxin gene PCR assays and PCR ribotyping. 

Gene/target Primer Sequence (5’ to 3’) Position Product size (bp)a Reference 

tcdA NK2  CCCAATAGAAGATTCAATATTAAGCTT  2479-2505 252 [162] 

NK3  GGAAGAAAAGAACTTCTGGCTCACTCAGGT  2254-2283 

tcdA rep                  

(3’ repeat region) 

tcdA1  CAGTCACTGGATGGAGAATT 5825-5844 193 (Elliott et al. 

unpublished) tcdA2 AAGGCAATAGCGGTATCAG 6017-5999 

tcdB NK104  GTGTAGCAATGAAAGTCCAAGTTTACGC  2945-2972 203 [161] 

NK105  CACTTAGCTCTTTGATTGCTGCACCT  3123-3148 

cdtA cdtA pos TGAACCTGGAAAAGGTGATG 507-526 375 [285] 

cdtA rev AGGATTATTTACTGGACCATTTG 882-860 

cdtB cdtB pos CTTAATGCAAGTAAATACTGAG 368-389 510 

cdtB rev AACGGATCTCTTGCTTCAGTC 878-858 

16S-23S rRNA  CD 16S CTG GGG TGA AGT CGT AAC AAG G 1445-1466  variable [286] 

CD 23S GCGCCCTTTGTAGCTTGACC 20-1 
 

a Product sizes for tcdA, tcdA rep and tcdB were calculated from DNA sequence of VPI 10463 (NCBI accession no. X92982) strain and that for 

cdtA and cdtB were calculated from DNA sequence of CD 196 (NCBI accession no. L76081).  
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(C. difficile RT 027), which contains all four target genes (tcdA, tcdB, cdtA and cdtB) 

was used for all of the toxin gene PCR assays. A negative control consisting of UP 

H2O and reaction mixes was also included in each round. The inoculated reaction 

mixes were cycled on the following program: a denaturation step of 95°C for 10 min, 

followed by 45 cycles of 94°C for 30 s, 55°C for 30 s and 72°C for 1 min, and then a 

final extension step of 72°C for 7 min. Toxin PCR products were visualised on a 

QIAxcel Advanced System capillary gel electrophoresis platform (QIAGEN). 

2.2.3.3 PCR ribotyping 

PCR ribotyping was performed as previously described286. The primers used targeted 

the 16S-23S ISR of rRNA of C. difficile and are listed in Table 2.1. 

The reaction mixes consisted of 3.75 units of AmpliTaq Gold DNA polymerase, 

0.024% w/v BSA, 0.4 mM dNTP, 1× reaction buffer (GeneAmp 10× PCR Buffer II), 

4 mM MgCl2 and 0.4 µM of each primer. A 10 µL aliquot of the DNA template 

(obtained as described in Section 2.2.3.1) was added to 40 µL of each PCR mix. A 

positive control strain (C. difficile RT 027), and a negative control consisting of UP 

H2O and reaction mixes was included in each round. The reaction mixes were cycled 

on the following program: a denaturation step of 95°C for 10 min, followed by 25 

cycles of 94°C for 1 min, 55°C for 1 min and 72°C for 2 min, and then a final 

extension step of 72°C for 7 min.  

PCR ribotyping reaction products were concentrated using the MinElute PCR 

Purification Kit (QIAGEN) and run on a QIAxcel Advanced System capillary gel 

electrophoresis platform (QIAGEN). The analysis of PCR ribotyping products was 

performed using the BioNumerics software package, v.6.5 (Applied Maths, Saint-

Martens-Latem, Belgium). Dendrograms were generated for all isolates using an 

unweighted pair-group method with arithmetic mean (UPGMA) and Dice coefficient 

to assess the diversity in the populations. PCR RTs were identified by comparison 

with banding patterns in our reference library, consisting of a collection of strains 

from the European Centre for Disease Prevention and Control (ECDC) and the most 

prevalent RTs currently circulating in Australia (Riley TV, unpublished data). 

Isolates that could not be identified with the reference library were designated with 

an internal nomenclature, prefixed with QX (QIAxcel type).  
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2.2.4 Antibiotic susceptibility testing  

The MICs of fidaxomicin, vancomycin, metronidazole, rifaximin, clindamycin, 

erythromycin, amoxicillin/clavulanate, moxifloxacin, and meropenem, were 

determined by the agar incorporation method described by the CLSI282.  

To obtain a purity plate, a 10 µL loop of C. difficile from frozen storage (described in 

Section 2.2.1.3) was streaked for single colonies on a BA and plates were incubated 

anaerobically for 48 h. An inoculum with turbidity equal to a 0.5 McFarland standard 

was prepared by swabbing colonies on BA into a 0.85% NaCl solution. The inocula 

were applied to the agar dilution plates using a 52-pin inoculum replicator, which 

deposited ca. 1-2 µL of each inoculum/plate. The list of antibiotic concentrations 

tested and the solvents used in the preparation of antibiotic stock solution are shown 

in Table 2.2. Four control strains were included in each assay. These were non-

toxigenic C. difficile ATCC 700057, Eubacterium lentum ATCC 43055, Bacteroides 

fragilis ATCC 25285 and Bacteroides thetaiotaomicron ATCC 29741. 

The breakpoints for metronidazole and vancomycin were those recommended by the 

European Committee on Antimicrobial Susceptibility Testing based on 

epidemiological cut-off values (ECOFFs) that distinguish wild-type isolates from 

those with reduced susceptibility287. The ECOFF value for fidaxomicin was 

recommended by the European Medicines Agency288. Rifaximin resistance was 

previously defined as an MIC of ≥32 mg/L289. The clinical breakpoints used for other 

agents were those provided by CLSI290. 

2.2.5 Commercial assays for laboratory detection of C. difficile 

2.2.5.1 EIAs 

2.2.5.1.1 Chek-60  

All tests were performed according to the manufacturer’s instructions291. The 

specimens were prepared by inoculating ca. 50 µL of liquid stool specimen into 200 

µL of the diluent and the mixture vortexed. Then 50 µL of the conjugate was added 

to each well of the micro-assay plate, followed by a 100 µL of either the specimen 

preparation, the diluent (negative control) or the positive control provided in the 

reaction kit. The tray was gently tapped to mix, covered with an adhesive plastic 

sheet to prevent evaporation and incubated aerobically at 35°C for 50 min. Each well 

was then emptied and washed ≥4 rounds with a wash solution. The tray was slapped 



Table 2.2 Antibiotic concentrations tested and the solvents used in the preparation 

of antibiotic stock solutions. 

Agent Concentration range (mg/L) Solventa 

Fidaxomicin 0.002-8 DMSO 

Vancomycin 0.015-16 Water 

Metronidazole 0.015-16 DMSO and water 

Rifaximin 0.0005-128 Methanol 

Clindamycin 0.015-32 Water 

Erythromycin 0.03-256 Ethanol and water 

Amoxicillin/clavulanateb 0.03-16 Buffered water/water 

Moxifloxacin 0.12-32 Water 

Meropenem 0.25-16 Water 

 

a DMSO, dimethyl sulfoxide.  
b Amoxicillin stock solution was prepared in buffered water (H2O + Na2HPO4 + 

KH2PO4) and clavulanate stock solution was prepared in water. 
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onto a dry paper towel in between each round to remove any remaining particulate 

matter or liquid. To each well, 100 µL of the substrate was added and wells were left 

to incubate at room temperature for 10 min. Then 50 µL of the stop solution was 

added and the colour changes were measured as an optical density (OD) at 450 nm 

using the xMark Microplate Spectrophotometer (Bio-Rad Laboratories, Hercules, 

CA, USA). All tests were performed ≤72 h of the specimen collection.  

Specimens that exhibited ODs of <0.120 and ≥0.120, were classified as being 

negative and positive for GDH, respectively. 

2.2.5.1.2 QCC 

All tests were performed according to the manufacturer’s instructions292. The initial 

preparation step was performed by inoculating a solution containing 750 µL of the 

diluent and 50 µL of the conjugate with 25 µL of liquid stool specimen, 50 µL of the 

diluent (negative control) or 50 µL of the positive control provided in the reaction kit. 

The tubes were vortexed and a 500 µL from each tube was transferred to the sample 

well of QCC device. The device was incubated at room temperature for 15 min to 

allow the solution to migrate through the filter membrane. Following this, 300 µL of 

the wash buffer was added to the reaction window. After all the wash buffer had 

completely flown through, 100 µL of the substrate was added to the reaction window 

and the device was incubated at room temperature for 10 min. The reaction window 

was visually examined and results were recorded between 10 and 20 min of the 

substrate addition. All tests were performed ≤72 h of the specimen collection. 

The reaction window on QCC device contains three vertical test lines embedded with 

immobilised antibodies. The anti-GDH antibodies are embedded in the ‘Ag’ test line, 

the anti-toxins A and B antibodies are embedded in the ‘Tox’ test line and the anti-

horseradish peroxidase antibodies are embedded in the ‘C’ (control) line. A blue line 

indicates a positive test. If the ‘Ag’ was positive, then the ‘Tox’ reaction was 

examined visually for the appearance of a blue line on the ‘Tox’ side of the reaction 

window. A positive ‘C’ reaction, indicated by a vertical dotted blue line under the ‘C’ 

portion of the reaction window, confirmed that the test was working properly and the 

results were valid. Tests that gave a negative ‘C’ reaction were retested.  
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2.2.5.2 NAATs 

2.2.5.2.1 BD GeneOhm Cdiff 

All tests were performed according to the manufacturer’s instructions293. To perform 

manual extraction, the tip of a sterile swab dipped into either a stool specimen, or an 

external negative or positive controls provided by the reaction kit, was aseptically 

transferred into a sample buffer tube. The tubes were vortexed and, to dilute the 

sample, a 10 µL aliquot from each tube was transferred to a lysis tube containing 40 

µL of sample buffer. The lysis tubes were vortexed, centrifuged and heated to 95°C 

between 5 and 7 min. Following this, a 3 µL of the lysate was inoculated into a 

SmartCycler tube containing 25 µL of the reconstituted master mix. The tubes were 

centrifuged and loaded onto the I-CORE module of the SmartCycler System where 

target gene amplification and detection, and data interpretation occurred293. 

The output from the SmartCycler System included positive, negative, unresolved and 

not determined for the clinical specimens, and valid or invalid for the external 

controls. Specimens were deemed positive and negative with positive and negative 

outputs, respectively. Unresolved output is associated with a specimen-associated 

inhibition or reagent failure, which prevents the amplification of the target DNA or 

the internal control. Not determined output is associated with the failure of the I-

CORE module of the SmartCycler System. Specimens that gave unresolved or not 

determined outputs and runs with invalid outputs for external controls were 

retested293. 

2.2.5.2.2 BD MAX Cdiff 

All tests were performed according to the manufacturer’s instructions294. In brief, a 

10 µL loop of either the stool specimen, or the external negative or positive controls 

provided by the reaction kit, was inoculated into a sample buffer tubes. Tubes were 

capped with a septum and the mixture vortexed. The inoculated sample buffer tubes, 

the unitized reagent strips and the PCR cartridge were loaded onto BD MAX System 

where an automated cell lysis, DNA extraction, DNA concentration, reagent 

rehydration, target gene amplification and detection, and data interpretation 

occurred294. Tests were performed ≤24 h of the specimen collection. When required, 

repeat testing was performed ≤72 h of the specimen collection. 
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The outputs from BD MAX System included positive, negative, unresolved, 

indeterminate and incomplete. Specimens were deemed positive and negative with 

positive and negative outputs, respectively. Unresolved output is associated with a 

specimen-associated inhibition or reagent failure, which prevents amplification of the 

target DNA or the specimen processing control. Indeterminate output is associated 

with BD MAX System failure, while incomplete output is associated with 

incomplete sample preparation or amplification. Specimens that gave unresolved, 

indeterminate or incomplete outputs were retested294. 

2.2.5.2.3 illumigene C. difficile 

All tests were performed according to the manufacturer’s instructions295. To perform 

the assay, the tip of a sample collection brush dipped into a stool specimen was 

inoculated into a sample preparation apparatus containing the diluent. The tubes were 

vortexed and five to 10 drops of the mixture were transferred to a heat treatment tube. 

The tubes were heated to 95°C for 10 min, and 50 µL of the heat-treated solution was 

transferred to a reaction buffer tube and vortexed. Following this, a 50 µL aliquot 

was transferred to the Test and the Control chambers of the illumigene test device. 

External and internal controls provided by the reaction kit were also included in each 

assay. The inoculated test devices were loaded onto the illumipro-10 where target 

DNA amplification and detection occurred.  

The outputs from the illumigene included positive, negative and invalid. Specimens 

were deemed positive and negative with positive and negative outputs, respectively. 

An invalid output is associated with a specimen-associated inhibition, improper 

specimen preparation, reagents failure, instrument failure or internal control failure. 

Specimens and runs that gave invalid outputs were retested295.  

2.3 Study methods 

2.3.1 Evaluation of diagnostic assays for detection of CDI in human 

2.3.1.1 Comparison of the performance: EIAs 

2.3.1.1.1 Sample collection 

For a period of 14 days in June 2015, a total of 316 diarrhoeal samples were obtained 

from PathWest (Sir Charles Gairdner Hospital, SCGH), Perth, WA. All samples were 

obtained from adult patients (≥18 years old), who experienced CSD as defined by at 

least three diarrhoeal bowel movements in the prior 24 h corresponding to Bristol 
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stool chart grade 6-7, or a single diarrhoeal bowel movement corresponding to 

Bristol stool chart grade 6-7 and associated with abdominal pain and/or cramping. 

2.3.1.1.2 Laboratory methods and data analysis 

Samples were screened for the presence of tcdB using BD MAX Cdiff. This was 

done as part of the routine pathology testing at PathWest (SCGH). As a reference 

method, both direct (on ChromID agar) and enrichment cultures (in CMB) were 

performed on the stool specimens. The presence of GDH in stool specimens was 

investigated using well-type Chek-60, and the presence of GDH and toxins A/B were 

investigated using membrane-type QCC.  

Culture was used as a reference standard to calculate sensitivity, specificity, PPV and 

NPV of Chek-60 and the GDH component of QCC (QCC GDH). The sensitivity, 

specificity, PPV and NPV of BD MAX Cdiff and the toxins A/B component of QCC 

(QCC TOX) were determined as followed.  

Results for BD MAX Cdiff and QCC TOX were assessed against toxigenic culture 

results (i.e. a combination of culture and toxin PCR results). Isolates that reported 

discordant outcomes compared to culture were further investigated with an in-house 

PCR for the presence of tcdA and tcdB. To evaluate the assay performance, isolates 

that gave positive results with an in-house PCR (toxigenic isolates) but gave negative 

results with BD MAX Cdiff or QCC TOX were deemed false negatives (FNs). 

Isolates that gave negative results with an in-house PCR were removed from the 

analysis (non-toxigenic isolates).  

Except for BD MAX Cdiff, which was performed by staff in the Enteric Laboratory 

at PathWest (SCGH), all laboratory work was conducted in the C. difficile reference 

laboratory (PathWest/UWA). All samples were stored at 4°C and processed ≤72 h of 

their arrival. 

2.3.1.2 Assessing the performance: BD MAX Cdiff 

2.3.1.2.1 Sample collection 

Between December 2013 and January 2014, a total of 406 diarrhoeal samples from 

349 patients were obtained from PathWest (SCGH). All samples were obtained from 

adult patients (≥18 years old), who experienced CSD as defined in Section 2.3.1.1.1. 

Only the first specimen from the patient and any subsequent specimens collected 

more than 14 days later were included in the analysis. 
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2.3.1.2.2 Laboratory methods and data analysis 

Samples were screened for the presence of tcdB using BD MAX Cdiff and for the 

presence of GDH using Chek-60. These were done as part of the routine pathology 

testing at PathWest (SCGH). As a reference method, both direct (on ChromID agar) 

and enrichment cultures (in CMB) were performed on the stool specimens.  

The sensitivity, specificity, PPV and NPV of Chek-60 were calculated using culture 

as a reference standard, while that of BD MAX Cdiff was determined as followed. 

Results for BD MAX Cdiff were assessed against culture results. Isolates that 

reported discordant outcomes were further investigated with an in-house PCR for the 

presence of tcdB. To evaluate the assay performance, isolates that gave positive 

results with an in-house PCR (toxigenic isolates) but gave negative results with BD 

MAX Cdiff were deemed FNs. Isolates that gave negative results with an in-house 

PCR were removed from the analysis (non-toxigenic isolates).  

Except for BD MAX Cdiff and Chek-60, which was performed by staff in the Enteric 

Laboratory at PathWest (SCGH), all laboratory work was conducted in the 

C. difficile reference laboratory (PathWest/UWA). All samples were stored at 4°C 

and processed ≤24 h of their arrival. 

2.3.1.3 Comparison of the commercial assays for use in diagnosis of CDI in 

children 

2.3.1.3.1 Sample collection 

Between October 2011 and January 2012, a total of 150 stool specimens from 75 

patients were obtained from PathWest at Princess Margaret Hospital (PMH), Perth, 

WA. Stools were included if they were present in a sufficient amount for testing by 

all assays (described below) and fit the pre-established criteria for C. difficile testing: 

all stools from haematology/oncology patients, stools that were specifically 

requested for C. difficile testing by the attending physician, stools from patients with 

history of AAD and stools from patient with PMC. 

2.3.1.3.2 Laboratory methods and data analysis 

Stools were maintained at 5°C and were cultured directly onto CCFA. The presence 

of GDH was tested using QCC GDH. Stools were also tested for the presence of 

preformed toxins (CCCNA and QCC TOX) and toxin gene (illumigene C. difficile). 

Specimens were then held at -20°C, cultured onto on ChromID agar, and tested for 
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the presence of tcdB using BD GeneOhm Cdiff. The time delay between collection 

and testing was recorded. All C. difficile isolates were analysed by PCR for the 

presence of tcdA and tcdB. Enrichment culture (in CMB) was performed on 

specimens (n=4) that were positive on CCFA but negative on ChromID agar. The 

enrichment culture was performed was described in Section 2.2.1.2.1, however, the 

CMBs were incubated for 3 days prior to treatment with absolute ethanol, and the 

ethanol shocked broths were plated onto pre-reduced CCFA to investigate the 

presence of C. difficile spores. 

The sensitivity, specificity, PPV and NPV of QCC GDH were calculated using 

culture (either growth on CCFA or ChromID agar) as a reference standard. For 

toxin(s)/toxin gene detecting tests (i.e. CCCNA, QCC TOX, illumigene and BD 

GeneOhm), culture results (either growth on CCFA or ChromID agar) in 

combination with toxin gene PCR results (toxigenic culture) were used as a reference 

standard. Isolates that gave negative results with an in-house PCR were removed 

from the analysis (non-toxigenic isolates). 

The sensitivity, specificity, PPV and NPV of the following combined algorithms 

were determined: QCC GDH + QCC TOX or illumigene or BD GeneOhm, and 

CCFA + CCCNA. Specimens that were positive for GDH but negative for 

toxin/toxin gene, were categorised as true negatives (TNs) if toxin gene PCR results 

were negative (non-toxigenic isolates), as FNs if the toxin gene PCR results were 

positive (toxigenic isolates), and as false positives (FPs) if all other tests were 

negative.  

Laboratory work was conducted at C. difficile reference laboratory (PathWest/UWA) 

and the Enteric Department at PathWest (SCGH) by Dr J Hart and Ms P Putsathit 

who assisted in the following: C. difficile culture and isolation, DNA extraction, and 

PCR assays for toxin genes detection. 

2.3.2 C. difficile in humans in Thailand 

2.3.2.1 Ethics approval 

The work described in Section 2.3.2 was approved by the UWA HREC (approval no. 

RA/4/1/7616) and the Institutional Review Board at Siriraj Hospital, Bangkok, 

Thailand (approval no. Si 132/2015). 
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2.3.2.2 Sample collection 

Between April and December 2015, a total of 783 diarrhoeal samples were obtained 

from the Enteric Department at Siriraj Hospital. Of these, 670 and 113 specimens 

were submitted for C. difficile testing and non-C. difficile-related tests, respectively. 

All samples were obtained from adult patients (≥18 years old), who experienced 

CSD as defined in Section 2.3.1.1.1. Following routine C. difficile testing at Siriraj 

Hospital (described below), all diarrhoeal samples were sent to a C. difficile 

reference laboratory, PathWest/UWA. Stools were maintained at 4°C during storage 

and at ambient temperature during transportation.  

2.3.2.3 Laboratory methods 

As part of the routine pathology testing at Siriraj Hospital, samples were screened for 

the presence of tcdB using BD MAX Cdiff. Both direct (on ChromID agar) and 

enrichment cultures (in CMB) were performed on the stool specimens. All 

C. difficile isolates were analysed by PCR for RT and for the presence of tcdA, tcdB, 

cdtA and cdtB. Antibiotic susceptibility of the isolates against nine antibiotics was 

also investigated. 

Except for BD MAX Cdiff, which was performed by staff at the Enteric Department 

of Siriraj Hospital, all laboratory work was conducted at the C. difficile reference 

laboratory (PathWest/UWA).  

2.3.2.4 Epidemiological data collection and statistical analysis 

Collection of the clinical data was coordinated by Prof TV Riley and the de-

identified data was provided by staff at Siriraj Hospital (Prof P Kiratisin, Dr M 

Maneerattanaporn and Mr P Piewngam). An example of the case record form used 

for data collection is shown in Appendix 1. Collection of clinical data was performed 

only for specimens routinely submitted for C. difficile testing between May and 

October 2015. Data were collated in a Microsoft Office (MS) Excel database and 

statistical analyses were performed using IBM statistical package for the social 

sciences (SPSS) version 22.0. Characteristics of patients tested negative and positive 

for C. difficile were compared using Pearson Chi-Square test (χ2) and the p-values 

(asymptotic significance 2-sided) were reported. Characteristics of CDI cases were 

also compared to that of the rest of the patients using χ2. 
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2.3.3 C. difficile in food animals and environment in Thailand 

2.3.3.1 C. difficile in piglet and piggery environment  

2.3.3.1.1 Ethics approval 

The work presented in Section 2.3.3 was approved by AEC at UWA (approval no. 

F69199) and at Mahidol University, Bangkok, Thailand (approval no. MUVS-2015-

46). 

2.3.3.1.2 Sample collection 

Rectal swabs were obtained from 165 piglets aged 1-23 days during the period 

between September and November 2015. Five piggeries from three central provinces 

of Thailand, Chonburi (n=1), Nakorn Pathom (2) and Ratchaburi (2), were included. 

Specimens were obtained from a minimum of six different litters per farm. To 

investigate the environmental contamination of C. difficile in piggery, one soil 

sample (ca. 20 g) and one effluent water sample (ca. 20 mL) were collected per farm 

from sites surrounding farrowing sheds. Rectal swabs and environmental specimens 

were maintained at 4°C during storage and at ambient temperature during 

transportation. Collection of rectal swabs and environmental specimens was 

performed by Dr B Ngamwongsatit at Mahidol University. 

2.3.3.1.3 Laboratory methods 

Both direct (on ChromID agar) and enrichment cultures (in CMB) were performed 

on the rectal swabs, and enrichment culture (in supplemented BHIB) was performed 

on the environmental specimens. All C. difficile isolates were analysed by PCR for 

RT and for the presence of tcdA, tcdB, cdtA and cdtB. Antibiotic susceptibility of the 

isolates against nine antibiotics was also investigated. 

The initial sample processing steps (direct and enrichment cultures) were performed 

at the Department of Microbiology at Siriraj Hospital. C. difficile spores were 

preserved in a 1 mL aliquot of absolute ethanol and sent to C. difficile reference 

laboratory (PathWest/UWA) where the rest of the work was conducted.  

2.3.3.1.4 Epidemiological data collection and statistical analysis 

Collection of data was coordinated by Prof TV Riley and performed by Dr B 

Ngamwongsatit. An example of the questionnaire used for data collection is shown 

in Appendix 2. In addition, data regarding sow age and parity, and piglet age and 

scouring status were also obtained. Data were collated in a MS Excel database and 
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statistical analyses were performed using IBM SPSS version 22.0. Proportions were 

determined and univariate ORs were calculated using logistic regression for an 

outcome of C. difficile. 

2.3.3.2 Surveillance of C. difficile contamination in Thai seafood 

2.3.3.2.1 Frozen seafood imported into Perth from Thailand 

2.3.3.2.1.1 Sample collection 

For a six week period in February and March 2015, a total of 97 prawns 

(Litopenaeus vannamei), seven mussels and two clams were obtained from Coles 

(n=9) and Woolworths supermarkets (5), and Asian grocery stores (2) located within 

the metropolitan area of Perth, WA. All products came peeled, cooked, frozen and 

specified as being “products of Thailand”. Frozen samples were transported in a 

portable cooler, stored at -20°C and processed ≤24 h of collection. 

2.3.3.2.1.2 Laboratory methods 

Both direct (on ChromID agar) and enrichment cultures (in CMB) were performed 

on seafood samples. The enrichment culture was performed was described in Section 

2.2.1.2.1, however, the CMBs were incubated for 10 days prior to treatment with 

absolute ethanol to select for C. difficile spores. All procedures were performed at 

C. difficile reference laboratory (PathWest, UWA). 

2.3.3.2.2 Fresh seafood sold in Thailand 

2.3.3.2.2.1 Sample collection 

In November 2015, fresh fish (tilapia; n=4, whitebait; 5, silver barb; 1, goby; 1, cat 

fish; 1, eel; 1) and prawns (6) were obtained from three markets in Bangkok, 

Thailand. Samples were maintained at ambient temperature during transportation and 

processed ≤3 h after collection. 

2.3.3.2.2.2 Laboratory methods 

Both direct (on ChromID agar) and enrichment cultures (in CMB) were performed 

on the intestinal content of the animals. The enrichment culture was performed as 

described in Section 2.2.1.2.1, however, the CMBs were incubated for 7 days prior to 

treatment with absolute ethanol to select for C. difficile spores. Initial extraction of 

the intestinal content was performed at the Faculty of Veterinary Science, Mahidol 

University. Cultures were performed at the Department of Microbiology at Siriraj 

Hospital.  
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Chapter 3 Evaluation of diagnostic assays for detection of CDI 

in human 

3.1 Introduction 

As discussed in Chapter 1, C. difficile is a major aetiological agent of infectious 

diarrhoea in adults in the developed world18. From a public health standpoint, 

infection caused by C. difficile must be monitored and controlled. To achieve this, a 

laboratory testing procedure that demonstrates high diagnostic accuracy, produces 

clinically relevant results as well as being logistically sound (rapid turnaround time, 

simple to perform and inexpensive) is necessary. At present, there remains an on-

going controversy regarding the ideal laboratory testing procedure.  

The two major virulence factors mediating the pathogenesis of CDI are toxins A and 

B18. Currently, toxigenic culture (culture and CCCNA) is regarded as the ‘gold 

standard’ for the diagnosis of CDI, however, these methods are time consuming (≥48 

h), and require expertise and specialised equipment. Hence, their use is largely 

confined to the reference laboratory296. To improve workflow and reduce testing time 

within the routine setting, many laboratories use rapid commercial tests intended for 

the detection of C. difficile toxin(s), toxin gene(s) or antigen (GDH).  

In 2009, an investigation lead by European Society of Clinical Microbiology and 

Infectious Diseases (ESCMID) reported a low PPV associated with the use of rapid 

commercial EIA as a stand-alone test297. The committee concluded with a 

recommendation for a two-step approach, an idea that was later reiterated by many, 

including in a large prospective, multi-centre study conducted in the UK184. This 

study proposed an algorithm involving the use of a preliminary screening test that 

exhibits high sensitivity and NPV, followed by a highly specific confirmatory test, 

which detects pre-formed toxins in stool specimens184. This recommendation is based 

on the observation that clinical severity better correlates with the presence of pre-

formed toxin in stool specimens rather than the presence of C. difficile with toxigenic 

potential184. Commercial GDH EIAs (e.g. Chek-60 and QCC) and NAATs (e.g. BD 

GeneOhm Cdiff, BD MAX Cdiff and illumigene C. difficile) were reported to 

demonstrate high sensitivity and NPV, and were deemed suitable for use as a 

preliminary screening test in the two-step algorithm148-152,179,298-301.  
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Until recently, toxin EIA remained the only test performed in most Thai hospitals254. 

Given the recent increase in awareness of CDI in Asia, Thai researchers have 

evaluated alternative diagnostic approaches that would yield higher clinical accuracy. 

They found that by screening the specimens for GDH and toxins A/B using EIAs, 

and resolving conflicting results by PCR assays for tcdA and tcdB, 20% more cases 

of CDI were detected compared to their current protocol (toxins A/B EIA alone)254. 

Siriraj Hospital is the biggest hospital in Thailand and houses one of the most 

technologically advanced diagnostic laboratories. The hospital currently uses a rt-

PCR assay, BD MAX Cdiff, for laboratory diagnosis of CDI. This chapter describes, 

in greater detail, the performance of some commercial assays marketed for 

laboratory detection of CDI and included:  

Section 3.2 Comparison of the performance of a well-type Chek-60 (GDH) and a 

membrane-type QCC (GDH and toxins A/B) EIAs,  

Section 3.3 Evaluation of the performance of BD MAX Cdiff, and  

Section 3.4 Comparison of the commercial assays for use in diagnosis of CDI in 

children.  

The results described in these studies are applicable to laboratories in Thailand and 

elsewhere.  

3.2 Comparison of the performance: EIAs 

3.2.1 Introduction 

GDH is an enzyme produced in large quantity by all C. difficile154,155. Despite not 

being discriminatory between toxigenic and non-toxigenic isolates, GDH EIAs are 

highly sensitive148-152. They are also easy to use, and have a short hands-on and 

turnaround time (ca. ≤2 h)148,153, making them suitable for use as a screening test for 

C. difficile in a routine laboratory setting.  

There are two types of GDH EIA, well- and membrane-types. A popular well-type 

GDH EIA is Chek-60 produced by TechLab (Alere). The assay has been validated 

for use in a laboratory detection of GDH in human stool specimens. The GDH 

present in C. difficile positive stools forms complexes with GDH-specific 

monoclonal antibodies that have been conjugated to horseradish peroxidase. The 

complexes are captured in the micro-assay plate, which has been coated with 
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immobilised polyclonal anti-GDH antibodies. Unbound materials are washed away 

during the washing steps and the addition of the substrate allows the presence of 

GDH to be visualised via colour changes291. A disadvantage associated with the use 

of this assay is the need to test specimens in batch. The delayed release of test results 

hampers infection control efforts and may result in wasting resources (e.g. due to 

unnecessary patient isolation)302. This issue can be partly overcome by a single-

sample EIA such as C. Diff Quik Chek (QC) (TechLab/Alere). 

QC is a rapid membrane-type EIA specific for detection of GDH in human stool 

specimens. It is a predecessor of QCC, which in addition to its ability to detect GDH, 

is also able to detect C. difficile toxins A and B292,303. QCC relies on interactions 

between the antigens and the conjugate, which consists of antibodies to GDH, and 

toxins A and B coupled to horseradish peroxidase. The reaction window on the QCC 

device contains three vertical test lines embedded with immobilised antibodies. The 

anti-GDH antibodies are embedded in the test line labelled ‘Ag’, the anti-toxins A 

and B antibodies are embedded in the test line labelled ‘Tox’ and the anti-horseradish 

peroxidase antibodies are embedded in the control line labelled ‘C’. When the target 

antigen is present, the antigen-conjugate complexes travel through a filter pad where 

they are captured by the immobilised antigen-specific antibodies in the lines. After a 

washing step and addition of substrate, positive results can be visualised as blue 

line(s)292. Both QC and QCC detects GDH at ≥8 ng/mL292,303. 

A systematic review conducted by ESCMID reported mean sensitivities and 

specificities of 89.0% and 91.0%, respectively, for well-type, and 88.0% and 97.0%, 

respectively, for membrane-type297. Although the performance of the two GDH EIA 

types were said to be comparable, in recent times, concerns have been raised 

regarding the inferior performance of membrane-type GDH EIA. To date, few 

studies have investigated this issue148,149. Using a combination of PCR, EIA and 

enriched toxigenic culture as the reference method, Sharp et al. reported the 

sensitivity and specificity to be 100.0% and 94.2%, respectively, for the well-type 

Chek-60, and 97.6% and 94.6%, respectively, for the membrane-type QCC (GDH 

component) EIAs148. In contrast, Reller et al. observed different results. Using 

CCCNA as the reference method, sensitivity and specificity were 91.3% and 89.9%, 

respectively, for Chek-60, and 100.0% and 82.7%, respectively, for the membrane-
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type QC149. To our knowledge, no study has made a direct comparison between the 

well- and membrane-types of GDH EIAs using culture as a reference method. 

3.2.2 Aims 

The primary aim of this study was to compare the performance of well-type Chek-60 

and membrane-type QCC EIAs in detection of C. difficile GDH, using culture as a 

reference standard. Given the QCC ability to also detect C. difficile toxins A and B, 

and that specimens were routinely tested by BD MAX, this study also aimed to 

assess the performance of QCC TOX and BD MAX Cdiff in detection of toxigenic 

C. difficile using toxigenic culture (culture, and PCR assay for tcdA and tcdB) as a 

reference standard. 

3.2.3 Results 

Of the 316 diarrhoeal samples collected from Australian patients, 20 (6.3%) grew 

C. difficile when directly plated onto ChromID agar, while six (1.9%) only grew after 

the enrichment procedure (Table 3.1). Of the 26 isolates, 17 (5.4%) were toxigenic 

C. difficile (Table 3.2). 

C. difficile GDH was detected in 7.6% (24/316) and 8.2% (26/316) of the specimens 

tested with Chek-60 and QCC, respectively (Table 3.1). Using direct culture as a 

reference standard, membrane-type QCC GDH was more sensitive (95.0% vs. 90.0%) 

but less specific (97.6% vs. 98.0%) than well-type Chek-60. QCC GDH had higher 

NPV (99.7% vs. 99.3%) and lower PPV (73.1% vs. 75.0%) than Chek-60 (Table 3.3). 

These differences in the performance were not statistically significant (p>0.05). 

The tcdB gene was detected in 5.1% (16/316) of the specimens using BD MAX Cdiff, 

while pre-formed toxin was detected in 3.2% (10/316) of the specimens by QCC 

(Table 3.2). The sensitivity, specificity, PPV and NPV of BD MAX Cdiff were 

92.9%, 99.0%, 81.3% and 99.7%, respectively, when compared to direct culture. 

With direct culture, QCC TOX was highly specific (99.7%) but was not sensitive 

(57.1%) (Table 3.4). All tests were less sensitive but more specific when enrichment 

culture was used as a reference standard (Tables 3.3 and 3.4).  

3.2.4 Discussion 

Given the lack of consensus about laboratory procedures for diagnosis of C. difficile 

disease, the search for an ideal testing method is on-going. In the recent years, an 

increasing number of studies have recommended a two-step algorithm that involves a 



Table 3.1 Comparison of results for culture, Chek-60 and QCC GDHa. 

Culture 

Chek-60 QCC GDH N (%) specimens 

 

N (%) 

Directb 

N (%) 

Enrichedc 

− 

  − − 285 (90.2) 

  − + 1 (0.3) 

  + − 1 (0.3) 

  + + 3 (0.9) 

+ 

1  3  − − 4 (1.3) 

1  1  − + 2 (0.6) 

18  2  + + 20 (6.3) 

Total 20 (6.3) 6 (1.9)   316 

 

a −, negative; +, positive. 
b Direct, isolates that were positive via direct plating method. 
c Enriched isolates that were positive via enrichment culture method. 

  



Table 3.2 Comparison of results for toxigenic culture, BD MAX Cdiff and QCC 

TOXa.  

Toxigenic culture 

BD MAX QCC TOX N (%) specimens 

Culture N (%) Directb N (%) Toxc  

− 

  − − 288 (91.1) 

  + − 2 (0.6) 

+ 

7  3  − − 11 (3.5) 

0  0  − + 1 (0.3) 

5  5  + − 5 (1.6) 

8  9  + + 9 (2.8) 

Total 20 (6.3) 17 (5.4)   316 

 

a −, negative; +, positive. 
b Direct, isolates that were positive via direct plating method.  
c Toxigenic isolates as determined by in-house PCR for tcdA and tcdB. 

  



Table 3.3 The performance characteristics of Chek-60 and QCC GDH calculated using culture as a reference standarda. 

Test Culture method 

Nb  % 

FN FP TN TP  Sensitivity Specificity PPV NPV LR 

Chek-60 

Directc 2 6 290 18  90.0 (68.3-98.8) 98.0 (95.6-99.3) 75.0 (53.3-90.2) 99.3 (97.5-99.9) 44.4 

Enrichmentd 6 4 286 20  76.9 (56.3-91.0) 98.6 (96.5-99.6) 83.3 (62.6-95.3) 98.0 (95.6-99.2) 55.8 

QCC GDH 

Directc 1 7 289 19  95.0 (75.1-99.9) 97.6 (95.2-99.1) 73.1 (52.2-88.4) 99.7 (98.1-100.0) 40.2 

Enrichmentd 4 4 286 22  84.6 (65.1-95.6) 98.6 (96.5-99.6) 84.6 (65.1-95.6) 98.6 (96.5-99.6) 61.3 

 

a FN, false negative; FP, false positive; TN, true negative; TP, true positive; PPV, positive predictive value; NPV, negative predictive value; LR, 

likelihood ratio; 95% confidence intervals are in parentheses. 
b FN are specimens positive for culture but negative for Chek-60/QCC GDH. FP are specimens negative for culture but positive for Chek-60/QCC 

GDH. TN and TP are specimens with negative and positive results, respectively, for both culture and Chek-60/QCC GDH. 
c Only direct plating positive specimens were deemed as culture positive in the analysis.  
d Both direct plating and enrichment culture positive specimens were deemed as culture positive in the analysis. 



 

Table 3.4 The performance characteristics of BD MAX Cdiff and QCC TOX calculated using toxigenic culture as a reference standarda. 

Test Culture method 

Nb  % 

FN FP TN TP  Sensitivity Specificity PPV NPV LR 

BD MAX 

Directc 1 3 290 13  92.9 (66.1-99.8) 99.0 (97.0-99.8) 81.3 (54.3-96.0) 99.7 (98.1-100.0) 90.7 

Enrichmentd 3 2 288 14  82.4 (56.6-96.2) 99.3 (97.5-99.9) 87.5 (61.7-98.5) 99.0 (97.0-99.8) 119.4 

QCC TOX 

Directc 6 1 292 8  57.1 (28.9-82.3) 99.7 (98.1-100.0) 88.9 (51.7-99.7) 98.0 (95.7-99.3) 167.4 

Enrichmentd 8 0 290 9  52.9 (27.8-77.0) 100.0 (98.7-100.0) 100.0 (66.4-100.0) 97.3 (94.8-98.8) - 

 

a FN, false negative; FP, false positive; TN, true negative; TP, true positive; PPV, positive predictive value; NPV, negative predictive value; LR, 

likelihood ratio; 95% confidence intervals are in parentheses. Non-toxigenic isolates were excluded from the analysis (n=9). 
b FN are specimens positive for toxigenic culture but negative for BD MAX/QCC TOX. FP are specimens negative for toxigenic culture but positive 

for BD MAX/QCC TOX. TN and TP are specimens with negative and positive results, respectively, for both toxigenic culture and BD MAX/QCC 

TOX. 
c Only direct plating positive specimens were deemed as culture positive in the analysis.  
d Both direct plating and enrichment culture positive specimens were deemed as culture positive in the analysis. 
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highly sensitive screening test to rule out C. difficile negative specimens, followed by 

a highly specific confirmatory test to identify specimens that contain C. difficile 

toxin(s)/toxin gene(s)151,184,304-306. The first step of such an algorithm decreases the 

number of negative specimens, resulting in an increase in the PPV of the second test 

and a considerably smaller cohort requiring a confirmatory test151. This step-wise 

approach provides an optimal balance of speed, sensitivity and cost304, as well as 

preventing the over-diagnosis associated with the use of NAATs as a stand-alone 

method184,307. Given the concerns surrounding differences in the performance among 

types of GDH EIA, this study compared two types of commercial EIAs, well-type 

Chek-60 and membrane-type QCC. Additionally, given that QCC also detects toxins 

A and B, and that specimens were routinely tested by BD MAX, this study also 

described the performance of QCC TOX and BD MAX Cdiff. 

When direct culture was used as the reference standard, the sensitivity of Chek-60 

was 90.0% (95% CI 68.3-98.8%), lower than previously published results (93.0-

93.6% cf. culture on CCFA)151,305,306. The sensitivity of QCC GDH observed in this 

study (95.0%; 95% CI 75.1-99.9% cf. direct culture on ChromID agar) was higher 

than that reported for its predecessor (QC, 93.5%; 95% CI 85.7-97.9% cf. culture on 

CCFA)150 and lower than that previously reported for the same test (98.7%; 95% CI 

93.3-100.0% cf. culture on CCFA)158. However, none of the differences between 

studies were statistically significant (p>0.05). ChromID agar was more sensitive than 

CCFA144, which may explain the lower test sensitivities in this study compared to 

previous reports. The sensitivities of both tests decreased when compared to 

enrichment culture (76.9% for Chek-60 and 84.6% for QCC GDH). GDH plays an 

important role in amino acid metabolism in actively growing C. difficile308. The 

observed reduction in sensitivities when compared to enrichment culture could be 

due to the absence of GDH in stool, despite the presence of spores, which were 

detected following the enrichment procedure. 

In this study, the membrane-type QCC GDH was not significantly more sensitive 

than the well-type Chek-60. These findings are similar to a study by Reller et al. 

(sensitivities of 100.0% for membrane-type QC and 91.3% for well-type Chek-60). 

However, the reference standard used in this study was a CCCNA, which detects the 

presence of cytotoxin produced only by toxigenic C. difficile, whereas the tested 

EIAs detect GDH, which is produced by both toxigenic and non-toxigenic 
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isolates149,155. Our results were slightly different to those of Sharp et al. (sensitivities 

of 97.6% for membrane-type QCC and 100.0% for well-type Chek-60)148, who 

evaluated a two-step algorithm that involved screening of stool specimens with EIAs 

(Chek-60 for GDH; QCC for GDH, and toxins A/B; and TOX A/B QC for toxins 

A/B), and resolving discrepant specimens with the Xpert C. difficile (Cepheid, 

Sunnyvale, CA, USA) PCR assay specific for tcdB detection. A specimen was 

deemed true positive (TP) if it was positive by at least one test for GDH, at least one 

test for toxin and the Xpert C. difficile. TN specimens were negative for all tests. 

Only discrepant specimens were subjected to an enriched toxigenic culture148. In 

contrast, we performed the reference method (culture) on all specimens. These 

differences in the use of the reference standard could have contributed to differences 

in the observed outcome.  

The specificity of Chek-60 in this study (98.0%; 95% CI 95.6-99.3% cf. direct 

culture on ChromID agar) was similar to previously reported values (96.6-

98.0%)151,305,306, while that of QCC GDH (97.6%; 95.2-99.1% cf. direct culture) was 

slightly lower than the previously reported values (98.4%; 95% CI 97.4-99.1% cf. 

culture on CCFA)158. Test specificity can be influenced by laboratory technique. 

During the washing step of Chek-60, unbound materials were removed. If wells were 

not properly dried between each washing round, cross contamination between 

positive and negative wells can occur, leading to FP results and lowering the 

specificity of the test. Hence, although tedious, laboratory staff must be careful 

during this step to prevent errors. 

At a C. difficile prevalence of 8.2%, the NPVs of Chek-60 and QCC GDH were 

99.3% and 99.7%, respectively (cf. direct culture). These high NPVs confirmed the 

suitability of both assays as screening tests. However, their relatively lower PPVs 

(75.0% and 73.1%, respectively, cf. direct culture) and the inability of Chek-60 to 

distinguish between toxigenic and non-toxigenic isolates means that neither is 

suitable as a stand-alone test.  

QCC TOX was not sensitive (57.1% cf. direct and 52.9% cf. enrichment toxigenic 

cultures) but was highly specific (99.7% and 100.0%, respectively). Previous reports 

showed similar results. Compared to toxigenic culture, Orellana-Miguel et al. 

observed 56.9% sensitivity and 99.9% specificity158, and Jamal et al. observed 53.9% 
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sensitivity and 100.0% specificity159. It has been previously suggested that proteases 

in stool degrades toxin309. It is possible that the high number of FNs, and hence low 

sensitivity of toxin EIA, was due to this degradation. Stools must be appropriately 

stored and tested in a timely manner. Given its high specificity, QCC TOX appeared 

suitable for use as a second confirmatory test. We did not observe any specimens that 

were GDH negative and toxin positive with QCC. Hence, by interpreting final 

outcomes based on a combination of both GDH and toxins components, QCC is 

valuable as a rapid stand-alone test in settings (e.g. Thailand) where the costs 

associated with PCR, anaerobic culture or CCCNA are prohibitive.  

BD MAX Cdiff was highly sensitive and specific (92.9% and 99.0%, cf. direct 

toxigenic culture). The results were similar to the previously reported figures for the 

assay (94.0-97.7% sensitivity and 97.9-99.7% specificity)146,298,310,311. The high NPV 

(99.7% cf. direct culture) of BD MAX Cdiff makes it suitable for use as a first-line 

screening test that can rule out C. difficile negative specimens. One caveat is that BD 

MAX Cdiff does not detect pre-formed cytotoxin in stool, the presence of which was 

reported to be a better predictor of a true CDI case compared to the presence of 

toxigenic C. difficile alone184. BD MAX Cdiff positive results should be further 

confirmed with toxin detecting tests (e.g. toxin EIA or CCCNA) to prevent over-

diagnosis of CDI307.  

To conclude, this study found membrane-type GDH EIA to be more sensitive but 

less specific compared to the well-type variation, however, these differences were 

not statistically significant. The high NPV of the GDH EIAs and BD MAX Cdiff 

confirmed their suitability as a preliminary test in a two-step algorithm, while the 

high specificity of the toxin component of QCC makes it suitable as a confirmatory 

test. 

3.3 Assessing the performance: BD MAX Cdiff 

3.3.1 Introduction 

As shown in Section 3.2 and previous studies, a major disadvantage associated with 

toxin EIAs is the lack of sensitivity157-159. An alternative to CCCNA and toxin EIA, 

the presence of toxigenic C. difficile can be detected using NAATs.  

In 2008, the first US FDA approved NAAT for C. difficile became commercially 

available164. BD GeneOhm Cdiff was an in vitro diagnostic test validated for use in 
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the direct detection of C. difficile tcdB in liquid stool specimens of person suspected 

of having C. difficile disease. The tcdB present in stool specimens is amplified using 

a rt-PCR based technology. The resultant amplicons are detected with a hairpin-

forming single-stranded oligonucleotide molecular beacon labelled at the 5’ end with 

a florescent reporter dye (fluorophore) and at the 3’ end with a quencher moiety, 4-

([4-(Dimethylamino)phenyl]azo)benzoic acid succinimidyl ester (DABCYL). Due to 

the proximity to the quenchers, fluorophores do not fluoresce in their native state. 

When probes hybridise to the complimentary sequences on the target DNA, the 

hairpin structure opens, separating of the fluorophores from the quenchers resulting 

in fluorescence being emitted. BD GeneOhm uses a 333 bp DNA fragment that 

contains a 277 bp sequence not found in C. difficile as an internal control to monitor 

for PCR inhibitory substances. The internal control and the target DNA are labelled 

with a different fluorophore, tetrachlorofluorescein (TET) and fluorescein amidite 

(FAM), respectively. Two optical channels in the SmartCycler software monitor the 

fluorescence signals and interpret data to provide the final results293. The entire 

process takes ca. 2-3 h179,299. Studies have reported BD GeneOhm to have a high 

sensitivity, specificity, PPV and NPV of 83.6-95.5%, 97.7-99.7%, 83.8-97.7% and 

97.1-99.4%, respectively, when compared to toxigenic culture179,298,299,312. 

Following on from the release of BD GeneOhm came BD MAX Cdiff, the use of 

which was approved in 2013 by the US FDA. BD MAX performs on the same 

principle and targets the same tcdB sequence as BD GeneOhm, without the 

requirement for the manual extraction step. A rt-PCR base technology amplifies tcdB 

present in stool and generates amplicons which are detected with a TaqMan 

hybridisation probe. BD MAX uses a specimen processing control, which monitors 

DNA extraction steps, thermal cycling steps, reagent integrity and the presence of 

inhibitory substances. As with BD GeneOhm, different fluorophores were used to 

detect the specimen processing control and the target DNA, and two optical channels 

in BD MAX System monitor the signals and interpret data to provide the final 

results294. The advantages of BD MAX over BD GeneOhm include it being a fully 

automated system, which reduces the sample processing time from 40 to 10 min per 

10 samples298. BD MAX also has higher maximum capacity (24 vs. 14 specimens) 

and is able to be manipulated to perform an in-house PCR298,313. The few published 

studies evaluating the performance of BD MAX Cdiff against toxigenic culture have 



64 

 

shown high sensitivity, specificity, PPV and NPV of 94.0-97.7%, 97.9-99.7%, 88.7-

97.7% and 98.9-99.7%, respectively298,310,311.  

3.3.2 Aims  

As there have been limited studies of BD MAX Cdiff world-wide and none in Asia-

Pacific region, the primary aim of this study was to investigate its sensitivity and 

specificity for the detection of toxigenic C. difficile in human stool samples in an 

Australian setting. Given that specimens were routinely tested with the Chek-60 

GDH EIA, a secondary aim was to assess the performance of Chek-60 in detecting 

C. difficile.  

3.3.3 Results 

Among 406 specimens collected, 55 were duplicates and were excluded from the 

analysis. Of the remaining 351 specimens, 29 (8.3%) grew C. difficile via direct 

plating on ChromID agar and five (1.4%) grew C. difficile only after the enrichment 

procedure. By toxigenic culture, the prevalence of toxigenic C. difficile was 6.8% 

(24/351) (Table 3.5). The tcdB gene was detected in 7.1% (25/351) of the specimens 

using BD MAX Cdiff, and GDH was detected in 7.1% (25/351) of the specimens 

using Chek-60 (Table 3.5). 

With either direct or enrichment culture as a reference standard, Chek-60 exhibited 

100.0% specificity and 100.0% PPV. The sensitivity and NPV of Chek-60 were 

86.2% and 98.8%, respectively, compared to direct culture (Table 3.6). 

To calculate the performance characteristics of BD MAX Cdiff, specimens with 

indeterminate BD MAX results (n=7) and specimens with non-toxigenic C. difficile 

as determined by an in-house PCR (10) were removed. The sensitivity, specificity, 

PPV and NPV of BD MAX Cdiff were 95.5%, 98.7%, 84.0% and 99.7%, 

respectively, compared to direct culture (Table 3.6). When compared to enrichment 

culture, sensitivity (91.7%) and NPV (99.4%) of BD MAX decreased while 

specificity (99.0%) and PPV (88.0%) increased (Table 3.6). 

3.3.4 Discussion 

CDI accounts for ca. 20% of AAD in the developed world18. For healthcare services 

to be able to provide treatment to the right patient in an appropriate and timely 

manner, a rapid and accurate diagnostic tool is essential. In the current study, the 

performance of BD MAX Cdiff in detecting toxigenic C. difficile was evaluated 



 

Table 3.5 Comparison of results for toxigenic culture, BD MAX Cdiff and Chek-

60a.  

Toxigenic culture 

BD MAX Chek-60 N (%) specimens 

Culture N (%) Directb N (%) Toxc 

− 

  − − 307 (87.5) 

  + − 3 (0.9) 

  NDd − 7 (2.0) 

+ 

3 1 − − 7 (2.0) 

5 1 − + 5 (1.4) 

1 2 + − 2 (0.6) 

20 20 + + 20 (5.7) 

Total 29 (8.3) 24 (6.8)   351 

 

a Duplicate specimens (n=55) were not included in the table; −, negative; +, positive;  
b Direct, specimens that were positive via direct plating method. 
c Tox, toxigenic isolates as determined by in-house PCR for tcdB. 
d ND, not determine. Among the ND, four and three specimens gave ‘unresolved’ and 

‘indeterminate’ BD MAX outputs, respectively. 



 

Table 3.6 The performance characteristics of BD MAX Cdiff and Chek-60 calculated using toxigenic culture and culture as a reference 

standard, respectivelya. 

Test Culture method 

N  % 

FN FP TN TP  Sensitivity Specificity PPV NPV LR 

BD MAXb 

Directd 1 4 308 21  95.5 (77.2-99.9) 98.7 (96.8-99.7) 84.0 (63.9-95.5) 99.7 (98.2-100.0) 74.5 

Enrichmente 2 3 307 22  91.7 (73.0-99.0) 99.0 (97.2-99.8) 88.0 (68.8-97.5) 99.4 (97.7-99.9) 94.7 

Chek-60c 

Directd 4 0 322 25  86.2 (68.3-96.1) 100.0 (98.9-100.0) 100.0 (86.3-100.0) 98.8 (96.9-99.7) - 

Enrichmente 9 0 317 25  73.5 (55.6-87.1) 100.0 (98.8-100.0) 100.0 (86.3-100.0) 97.2 (94.8-98.7) - 

 

a Analysis was restricted to the first sample from each patient and any subsequent specimens collected more than 14 days apart (i.e. duplicate 

specimens, n=55, were excluded); FN, false negative; FP, false positive; TN, true negative; TP, true positive; PPV, positive predictive value; NPV, 

negative predictive value; LR, likelihood ratio; 95% confidence intervals are in parentheses. 
b FN are specimens positive for toxigenic culture but negative for BD MAX. FP are specimens negative for toxigenic culture but positive for BD 

MAX. TN and TP are specimens with negative and positive results, respectively, for both toxigenic culture and BD MAX. Specimens with 

indeterminate BD MAX results (n=7) and those with non-toxigenic C. difficile (n=10) were excluded from the analysis. 
c FN are specimens positive for culture but negative for Chek-60. FP are specimens negative for culture but positive for Chek-60. TN and TP are 

specimens with negative and positive results, respectively, for both culture and Chek-60. 

d Only direct plating positive specimens were deemed as culture positive in the analysis.  
e Both direct plating and enrichment culture positive specimens were deemed as culture positive in the analysis 
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against toxigenic culture. After removing 55 duplicates from 406 specimens obtained, 

discordance between two assays occurred in 6.3% (22/351) of samples. Among these, 

12 (3.4%) were BD MAX negative but culture positive. Further examination of these 

isolates with an in-house PCR indicated that 10 were non-toxigenic C. difficile and 

this explained the lack of detection by BD MAX Cdiff, which targets tcdB. Of the 

two FNs observed, one was culture positive via enrichment. Possible explanations for 

this include the presence of dormant spores, which only germinated following 

enrichment incubation with taurocholic acid, a spore germinant314. Additionally, the 

presence of an aberrant or mutated tcdB, which render it unrecognisable by BD 

MAX primers, may have contributed to this discordance. The possibility of variant 

tcdB isolates was not investigated in this study. Additionally, three specimens (0.9%) 

were BD MAX positive but GDH and culture negative. The FP results may due to 

BD MAX Cdiff detecting the DNA of dead bacteria present in stools following 

antibiotic treatment. However, as the history of antibiotic usage was not available, 

this could not be evaluated. Other explanations for culture negativity include the 

presence of viable but non-culturable C. difficile and a low bacterial load in stool, 

which may be resolved by repeat sampling. 

According to BD Diagnostics, results obtained from BD MAX Cdiff may include 

positive, negative, unresolved, indeterminate and incomplete. The positive, negative 

and unresolved results are based on the amplification status of the target sequence or 

the internal control. The indeterminate and incomplete results are due to BD MAX 

System failure and incomplete amplification, respectively294. In this study, four and 

three specimens were unresolved and indeterminate, respectively. All seven 

specimens (2.0%) were GDH and culture negative. Similar observations were 

reported by Stamper et al.312 and Barbut et al.299, who found 0.7% (3/401) and 7.3% 

(22/300) of unresolved cases, respectively, all of which were negative for 

cytotoxicity assay and toxigenic culture. The explanation for unresolved results is 

unclear but may include the presence of PCR inhibitory substances in stool samples.  

After removing duplicates (n=55), specimens with inconclusive BD MAX results (7) 

and those with non-toxigenic C. difficile (10), the performance of BD MAX Cdiff 

was assessed. The assay had a high sensitivity, specificity, PPV and NPV (95.5%, 

98.7%, 84.0% and 99.7%, respectively) comparable to that previously reported for 

BD GeneOhm (83.6-95.5%, 97.7-99.7%, 83.8-97.7% and 97.1-99.4%, 
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respectively)179,298,299,312. The results were similar to the previously reported 

sensitivity, specificity, PPV and NPV figures for BD MAX (94.0-97.7%, 97.9-99.7%, 

88.7-97.7% and 98.9-99.7%, respectively)298,310,311. 

Using direct culture (on ChromID agar) as a reference standard, the sensitivity of 

Chek-60 was 86.2%, lower than that reported previously (93.0-100.0% cf. direct 

culture on CCFA151,297,305,315 and 90.0% cf. direct culture on ChromID, Section 3.2). 

As pointed out in Section 3.2, ChromID agar was more sensitive than CCFA144, and 

this could explain the lower sensitivity observed in this study. The sensitivity 

decreased to 73.5% when compared to enrichment culture, a result that more closely 

resembles that reported by Zheng et al. (70.8%)297,316, however, the authors assessed 

Chek-60 against direct culture on CCFA. None of the culture negative specimen was 

positive for Chek-60, and the specificity and PPV of Chek-60 was 100.0%. 

Not surprisingly, the sensitivity of BD MAX Cdiff dropped slightly (95.5% to 91.7%) 

when compared to enrichment culture. This is because half the enrichment culture 

positive specimens in this study were BD MAX (and GDH) negative (1/2). The 

presence of dormant C. difficile spores in stool samples may explain the observed 

discrepancies as previously suggested. The high NPV of BD MAX Cdiff (99.7%) 

indicates its suitability as a first-line screening tool in diagnostic settings, which 

allows physicians to quickly exclude C. difficile as a possible aetiological agent.  

A large prospective observational study conducted to evaluate the association 

between results of C. difficile testing and clinical outcomes suggested that poorer 

clinical outcomes correlated with the presence of pre-formed toxin (positive 

cytotoxin assay) as opposed to C. difficile with toxigenic potential (positive toxigenic 

culture but negative cytotoxin assay)184. The study recommended a multi-step 

algorithm using a highly sensitive test to screen out negative specimens before 

performing a toxin detecting test to identify the true cases of CDI184. BD MAX Cdiff 

appears to be suitable for use as part of such an algorithm.  

The cost of BD MAX Cdiff is ca. AU$20/sample, however, the exact cost depends 

on the ordering volume. This assay is currently being used routinely at PathWest 

(SCGH), as the sole method of C. difficile detection. Prior to the introduction of BD 

MAX Cdiff, an algorithm involving initial screening of samples with a GDH EIA 

(Chek-60, ca. AU$6.50/sample) was used. Only GDH positive samples (ca. 20%) 
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were further tested with BD GeneOhm assay for the presence of tcdB at a cost of ca. 

AU$30/sample, again with the exact cost dependent on volume. Thus on initial 

scrutiny there appears to be no economic advantages to BD MAX Cdiff. However, 

the hands on time required for BD MAX Cdiff was ca. 30 min per 24 samples 

compared to ca. 3 h for the same number of samples using BD GeneOhm. The shift 

to BD MAX Cdiff has greatly reduced the waiting time associated with initial 

screening of samples with the GDH EIA (50 min). Therefore, using BD MAX Cdiff 

significantly improved the workflow in the diagnostic laboratory. Although the 

clinical impact of detecting additional cases of C. difficile with toxigenic potential 

(toxin gene positive isolates) is unclear, the improved workflow and the shorter time 

to results notification may assist physicians in decision making processes.  

The great accuracy, higher sample capacity (cf. BD GeneOhm) and the ability to 

perform in-house PCR are some features that make BD MAX Cdiff desirable as a 

rapid molecular diagnostic test. Furthermore, as the hands-on procedure is relatively 

simple, the laboratory may reduce costs associated with staff training. The short 

turnaround time will also increase efficiency and workflow within the laboratory. In 

conclusion, BD MAX Cdiff appeared to be a suitable first-line diagnostic tool for 

rapid and accurate detection of toxigenic C. difficile. 

3.4 Comparison of the commercial assays for use in diagnosis of CDI in 

children 

3.4.1 Introduction 

As discussed in Chapter 1, neonates are commonly colonised with C. difficile in the 

first week of life and the highest rates of carriage are reported in the <1-year-old age 

group317. Although these high rates of colonisation with toxin-producing strains do 

not necessarily lead to high rates of clinical disease, CDI prevalence may be 

increasing in children. Several US studies have demonstrated increasing rates 

amongst hospitalised children, including a retrospective multi-centre study reporting 

a rise in incidence from 2.6 to 4.0 cases per 1000 admissions from 2001 to 2006318-320. 

CDI in children is associated with increased mortality, length of stay and hospital 

costs321. Hypervirulent strains of C. difficile causing more severe disease have 

emerged in North America and Europe322, and have been described in children323. 

CA-CDI in healthy children without hospital exposure is also increasing in 

incidence324. Introduction of hypervirulent strains into Australia325, combined with 
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increasing recognition of CA-CDI and broad spectrum antibiotic use in children with 

complex medical conditions, may further increase the incidence of paediatric CDI in 

that country.  

Clinical diagnosis of paediatric CDI is problematic due to high rates of colonisation 

with toxigenic C. difficile in very young children and common presentation with 

diarrhoea from other causes. As discussed, at present, no single test appeared to be 

optimal for use in routine setting. The gold standard (toxigenic culture/CCCNA 

requires time and expertise to perform, while toxin EIA lacks sensitivity157-159. 

Several studies including that shown in Sections 3.1 and 3.2 have demonstrated the 

usefulness of GDH EIA as a rapid and easy screening test to perform with a high 

NPV in a low prevalence setting297. Molecular testing has high sensitivity and 

specificity; with toxigenic culture as a reference standard, a meta-analysis showed 

pooled sensitivity of 92% and pooled specificity of 94%. BD GeneOhm (9 studies) 

demonstrated 91% sensitivity and 94% specificity, and illumigene C. difficile (6 

studies) showed 92% sensitivity and 97% specificity326. The requirement for expert 

staff, molecular facilities and considerable expense of in-house PCR mean this is not 

feasible for many laboratories. Benchtop molecular technologies, such as BD 

GeneOhm and illumigene, require minimal molecular expertise to run and interpret, 

making it suitable for laboratories with limited purchasing power. Two-step 

algorithms for CDI testing are commonly used to reduce costs and labour; first 

testing with either an EIA detecting GDH or molecular testing for tcdB. A reactive 

result is then followed by re-testing for toxin production or toxin genes with an 

alternative method. A number of molecular tests are routinely used to diagnose CDI 

from stool in paediatric population. These include QCC (discussed in Section 3.2), 

BD GeneOhm (discussed in Section 3.3) and illumigene C. difficile.  

illumigene is a qualitative in vitro diagnostic test for the direct detection of 

C. difficile tcdA in human stool specimens from paediatric and adult patients 

suspected of having C. difficile disease. The assay is based on a loop-mediated 

isothermal amplification (LAMP) technology that consists of primers targeting a 204 

bp region of the conserved 5’ sequence of the tcdA. The target DNA fragment was 

reported to be present in all known A+B+, and AB+ C. difficile295,327,328. The 

sample preparation apparatus also contains Staphylococcus aureus-specific primers 

and formalin-treated S. aureus, which in unison acts as an internal control to monitor 
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for amplification inhibition, reagents integrity and sample processing effectiveness. 

During an isothermal amplification of the target DNA, a white precipitate 

magnesium pyrophosphate is formed, leading to a turbid reaction solution. This 

turbidity of the reaction is monitored and interpreted using the Meridian illumipro-10 

incubator/reader295.  

Few studies have exclusively evaluated C. difficile diagnostic tests in paediatric 

populations. They may have different properties due to the increased rates of 

colonisation, lower prevalence of clinical disease and the possible presence of 

different inhibitors in children’s stool. The high prevalence of C. difficile in 

paediatric stools may cause a decreased NPV, reducing the utility of these tests in 

practice.  

3.4.2 Aims 

The study aimed:  

 To evaluate the performance of C. difficile diagnostic tests commonly used in a 

paediatric hospital population: QCC, illumigene C. difficile and BD GeneOhm, 

using a combination of culture (on CCFA and ChromID agar), CCCNA and in-

house PCR for toxin genes (tcdA and tcdB) as a reference standard.  

 To evaluate the performance and cost effectiveness of two-step algorithm 

involving QCC GDH + QCC TOX or illumigene or BD GeneOhm, and CCFA + 

CCCNA for use in diagnosis of CDI in paediatric hospital population. 

3.4.3 Results 

3.4.3.1 Specimens and Processing 

A total of 150 stool specimens from 75 patients were collected and tested by all 

methods. Ninety-six percent (144/150) of specimens were loose, liquid, watery or 

semi-formed. Routine culturing on CCFA and CCCNA testing all occurred ≤24 h, 

and QCC and illumigene testing were performed at a median time of 23 h after 

collection.  

There were a large number of “follow-up” specimens submitted, a mean of two 

specimens were received per patient (range 1-8). The majority of repeat specimens 

had no change in result (79%; 59/75). When a change of result occurred, the repeat 

specimens were taken a range of 2 days to 12 weeks (median 2 weeks) after the 

initial specimen, and 64% changed from negative to positive. Haematology/oncology 
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patients made up the bulk of repeat specimens, with 84 specimens sent from 28 

patients (mean three stools/patient).  

3.4.3.2 Demographics of patients 

Forty-four percent of patients (33/75) were female with a median age of 3 years 

(range 11 days to 17 years). In total, 56% (84/150) of the specimens and 40% (30/75) 

of the patients were from haematology/oncology ward.  

3.4.3.3 Patients with C. difficile growth 

Fifty-four of the 150 specimens (36%) and 32 of the 75 patients (43%) grew 

C. difficile. The prevalence in haematology/oncology stool specimens (38%) and 

haematology/oncology patients (61%) was higher than the prevalence in non-

haematology/oncology patients (32%). Five outpatient specimens (from emergency 

and non-haematology/oncology departments) were included in the study, only one 

(20%) of which grew C. difficile. A higher proportion of culture-positive patients 

were female although the difference was not statistically significant (59%; 19/32 vs. 

35%; 15/43, p=0.06), and had a slightly higher median age of 3.5 years (range 7 

months to 16 years, cf. median age of 3 years for culture-negative patients). Forty-

nine per cent of children aged ≤6 years grew C. difficile compared with 31% of the 7- 

to 17-year-old age group. Although the <1-year-old age group had a lower 

prevalence compared with the ≥1-year-old group (38% vs. 44%), this was not 

statistically significant. 

3.4.3.4 Assay analysis  

The sensitivity, specificity, PPV and NPV of each test and algorithm are detailed in 

Tables 3.7-3.9 and compared with other published paediatric studies in Table 3.9. All 

methods demonstrated excellent specificity (97-100%, Table 3.7). Three specimens 

grew C. difficile on CCFA, but not on ChromID agar (despite the enrichment steps) 

and eight grew on ChromID agar, but not on CCFA. Both QCC TOX and CCCNA 

demonstrated poor sensitivity (29% and 33%, respectively) in detecting toxigenic 

C. difficile. The NPV of QCC GDH component was not as high as expected (93%, 

Table 3.7). Both molecular methods (illumigene and BD GeneOhm) had good 

sensitivity of 89%. illumigene produced four ‘invalid’ results and BD GeneOhm one 

‘unresolved’ result; all produced valid results on repeat testing.  



 

Table 3.7 The performance characteristics of the QCC GDH, QCC TOX, illumigene C. difficile, BD GeneOhm Cdiff and CCCNAa. 

Test 

N  % 

FN FP TN TP  Sensitivity Specificity PPV NPV LR 

QCC GDHb 7 3 47 93  87.1 (75.1-94.6) 96.9 (91.1-99.4) 94.0 (83.5-98.8) 93.0 (86.1-97.1) 27.9 

QCC TOXc 32 0 13 105  28.9 (16.4-44.3) 100.0 (96.6-100.0) 100.0 (75.3-100.0) 76.6 (68.7-83.4) - 

illumigenec 5 0 40 105  88.9 (76.0-96.3) 100.0 (96.6-100.0) 100.0 (91.2-100.0) 95.5 (89.7-98.5) - 

BD GeneOhmc 5 1 40 104  88.9 (76.0-96.3) 99.1 (94.8-100.0) 97.6 (87.1-99.9) 95.4 (89.6-98.5) 93.3 

CCCNAc 30 0 15 105  33.3 (20.0-49.0) 100.0 (96.6-100.0) 100.0 (78.2-100.0) 77.8 (69.8-84.5) - 

 

a FN, false negative; FP, false positive; TN, true negative; TP, true positive; PPV, positive predictive value; NPV, negative predictive value; LR, 

likelihood ratio; 95% confidence intervals are in parentheses. 
b Performance of QCC GDH was calculated using culture (either growth on CCFA or ChromID agar) as a reference standard. FN are specimens 

positive for culture but negative for QCC GDH. FP are specimens negative for culture but positive for QCC GDH. TN and TP are specimens with 

negative and positive results, respectively, for both culture and QCC GDH. 

c FN are specimens positive for toxigenic culture (either growth on CCFA or ChromID agar, and presence of relevant toxin gene determined by in-

house PCR assays) but negative for illumigene/BD GeneOhm/CCCNA. FP are specimens negative for toxigenic culture but positive for 

illumigene/BD GeneOhm/CCCNA. TN and TP are specimens with negative and positive results, respectively, for both toxigenic culture and 

illumigene/BD GeneOhm/CCCNA.  



 

Table 3.8 The performance characteristics of combined approachesa.  

Test 

Nb  % 

FN FP TN TP  Sensitivity Specificity PPV NPV LR 

QCC GDH + QCC TOX 33 3 101 13  28.3 (16.0-43.5) 97.1 (91.8-99.4) 81.3 (54.4-96.0) 75.4 (67.2-82.4) 9.8 

QCC GDH + illumigene 7 0 104 39  84.8 (71.1-93.7) 100.0 (96.5-100.0) 100.0 (91.0-100.0) 93.7 (87.4-97.4) - 

QCC GDH + BD GeneOhm 8 1 103 38  82.6 (68.6-92.2) 99.0 (94.8-100.0) 97.4 (86.5-99.9) 92.8 (86.3-96.8) 85.9 

CCFA + CCCNA 33 0 103 14  29.8 (17.3-44.9) 100.0 (96.5-100.0) 100.0 (76.8-100.0) 75.7 (67.6-82.7) - 

 

a FN, false negative; FP, false positive; TN, true negative; TP, true positive; PPV, positive predictive value; NPV, negative predictive value; LR, 

likelihood ratio; 95% confidence intervals are in parentheses. 
b Specimens that are QCC GDH positive and toxin/toxin gene negative are categorised as: FN if in-house toxin PCR is positive (toxigenic isolates), 

TN if in-house PCR is negative (non-toxigenic isolates), FP if all other tests were negative.  

  



 

Table 3.9 Summary of paediatric C. difficile diagnostic studiesa. 

Test 
% 

N specimens Gold standardb Reference 
Sensitivity Specificity PPV NPV Prevalence 

QCC GDH 81 82 52 95 19 141 Composite  [329]  

QCC GDH 98 82 64 99 24 200 TC [330]  

QCC GDH 87 97 94 93 36 150 TC * 

QCC TOX 48 100 100 89 19 141 Composite [329] 

QCC TOX 29 100 100 77 36 150 TC * 

Premier TOX A/B 56 100 100 90 19 141 Composite [329] 

Premier TOX A/B - - 64 - 7 112 TC [332] 

Wampole TOX A/B 35 100 100 90 15 138 TC [331] 

CCCNA 96 100 100 99 19 141 Composite [329] 

CCCNA 33 100 100 78 36 150 TC * 

illumigene 89 98 92 97 19 141 Composite [329] 

illumigene 89 100 100 95 36 150 TC * 

BD GeneOhm 90 97 90 97 24 200 TC [330] 

BD GeneOhm 89 99 98 95 36 150 TC * 

ProGastro PCR 100 93 83 100 24 200 TC [330] 

         



 

Test 
% 

N specimens Gold standardb Reference 
Sensitivity Specificity PPV NPV Prevalence 

In-house PCR tcdA 90 100 100 98 15 138 TC [331] 

In-house PCR tcdB 90 100 100 98 15 138 TC [331] 

In-house PCR tcdA/B combined 95 100 100 99 15 138 TC [331] 

QCC GDH + QCC TOX 71 97 90 91 24 200 TC [330] 

QCC GDH + QCC TOX 28 97 81 75 36 150 TC * 

QCC + CCCNA 81 100 100 96 19 141 Composite [329] 

QCC + illumigene 81 100 100 96 19 141 Composite [329] 

QCC + illumigene 85 100 100 94 36 150 TC * 

QCC + BD GeneOhm 88 97 92 96 24 200 TC [330] 

QCC + BD GeneOhm 83 99 97 93 36 150 TC * 

QCC + ProGastro PCR 98 95 87 99 24 200 TC [330] 

CCFA + CCCNA 30 100 100 76 36 150 TC * 

ChromID + In-house PCR  

tcdA/B and cdtA/B combined 
93 100 100 97 36 150 TC 

* 

 
a TC, toxigenic culture; *, results from this study 
b Composite, a specimen was considered true positive (TP) if it was positive by CCCNA. If the specimen was CCCNA negative, the specimen 

would also be considered TP if it was illumigene positive and positive by another test (QCC GDH, QCC TOX, or Premier TOX A/B).  
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After exclusion of the six formed stools, the sensitivity of all the tests and the NPV 

of toxin A/B was reduced (sensitivity with/without formed stools: QCC GDH 

87%/86%, QCC TOX 29%/24%, illumigene 89%/88%, BD GeneOhm 89%/88% and 

CCCNA 33%/31%). 

An algorithm using QCC GDH + illumigene or BD GeneOhm reduced the sensitivity 

for both methods to 85% and 83%, respectively (Table 3.8). The algorithm using 

QCC GDH + QCC TOX lacked sensitivity for toxigenic C. difficile (28%) owing to 

the poor sensitivity of the toxins A/B component. The algorithm using CCFA and 

CCCNA also demonstrated poor sensitivity (30%) owing to the lack of sensitivity of 

CCCNA. 

3.4.3.5 Costing 

The algorithm of QCC GDH + illumigene would have been more expensive than 

illumigene alone in this population (ca. AU$3,250 vs. AU$3,000 for these 150 

specimens). The increased cost of BD GeneOhm means that an algorithm of QCC 

GDH + BD GeneOhm would be cheaper than the BD GeneOhm alone (AU$3,750 vs. 

AU$4,500).  

3.4.4 Discussion 

The prevalence of C. difficile in specimens (36%) and patients (43%) was high 

compared with other paediatric diagnostic studies (7-24%, Table 3.9), probably 

because of the selective testing of the stool of high-risk patients (i.e. mainly 

haematology/oncology patients). The incidence of CA-CDI was difficult to establish 

given the low number of outpatient stools tested (five) and this is probably under-

diagnosed owing to the lack of testing in this population. Haematology/oncology 

patients are regular outpatients and inpatients in the hospital environment; thus, no 

association between the community and health care could be distinguished. Although 

we found a higher proportion of female patients in the group with C. difficile (59% 

vs. 35%) and a lower carriage rate in the <1-year-old age group (38% vs. 44%), these 

differences were not statistically significant and may be due to the small numbers of 

patients in each group. There was a similar median age between patients in whom 

C. difficile was not detected compared to those in whom it was detected (3 vs. 3.5 

years, respectively).  
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Exclusion of the six formed stools resulted in a small reduction in the sensitivity of 

all tests; thus, the inclusion of a small number of formed stools did not markedly 

affect the results. There is, however, no clinical or infection control rationale for 

C. difficile testing on formed stools.  

Four studies, all performed in the USA, have evaluated different combinations of 

C. difficile tests in paediatric populations (Table 3.9). Ota and McGowan329 tested 

141 stools prospectively in 1- to 18-year-olds using the QCC, Premier toxin A/B, 

illumigene and CCCNA, using a composite reference standard in a population with a 

prevalence of 19%. Selvaraju et al.330 compared QCC, BD GeneOhm, ProGastro Cd 

(Prodesse Inc., detects tcdB) using toxigenic culture as a reference standard, on 200 

stools from children, with a prevalence of 24%. Luna et al.331 tested 138 stools 

submitted to a paediatric hospital, with a prevalence of 15%. They performed CCFA, 

toxins A/B EIA (Wampole Laboratories) on stool and C. difficile isolates, and an in-

house rt-PCR targeting tcdA and tcdB on stool and culture isolates. Importantly, this 

study excluded 19 specimens because they could not be defined as positive or 

negative by their reference standard, which required at least four tests to be positive 

to qualify as a positive result. In these paediatric studies the NPV of the QCC GDH 

was 95%329 and 99%330, higher than our NPV of 93%, perhaps explained by the 

higher prevalence in our population. This may also explain the lower sensitivity of 

the QCC TOX observed in our study (higher number of FN specimens) compared 

with Ota and McGowan329 (29% vs. 48%). The other toxins A/B EIAs also 

demonstrated poor sensitivity in the paediatric studies (35%331 and 56%329). The 

sensitivity of CCCNA according to Ota and McGowan329 was much higher at 96% 

(cf. 33% in this study), probably because of the lack of a toxigenic culture reference 

standard. The high sensitivity and specificity values of illumigene and BD GeneOhm 

were similar to those of our study (Table 3.9).  

All the algorithms showed reduced sensitivity when GDH EIA was used as an initial 

screening test owing to the lower sensitivity of GDH EIA compared with the second 

test used. Toltzis et al.332 found a high proportion of falsely reactive toxins A/B EIA 

results using the Premier toxin A & B kit (Meridian Bioscience). Forty (36%) out of 

112 EIA reactive stools submitted to two paediatric hospitals did not culture 

C. difficile. This may have been due to the low prevalence of C. difficile in their 

population (7%) as cross reaction with C. sordelli exotoxins was excluded.  
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The sensitivities of the QCC GDH, illumigene and BD GeneOhm appear to be 

slightly lower in paediatric than in adult studies148,150,315,332-335. The possible reasons 

include: the higher prevalence of C. difficile in paediatric populations increasing the 

number of FN results, lower amounts of C. difficile in paediatric stools or the 

presence of different strains in paediatric populations. Inhibitor controls are present 

in both molecular methods; thus, the presence of increased inhibitors in paediatric 

stool is not the explanation. Adult studies report high specificities of the QCC 

GDH148,150,332,334, similar to our study (97%), but not the other paediatric studies 

(82%, Table 3.9). The reduced specificity in these studies may have been due to 

lower population prevalence.  

In both the adult148,332,334 and paediatric studies, the poor sensitivity of the QCC TOX, 

when used alone (29-48%, Table 3.9) or with the QCC GDH (28-71%, Table 3.9), 

means that its use cannot be recommended in detecting the presence of C. difficile. 

However, a large UK multi-centre observational study demonstrated increased 

mortality in patients with cell cytotoxin positive faeces and as a result the authors 

advocate using a highly sensitive test first (GDH EIA or molecular assay) followed 

by a more specific test (toxin EIA) for predicting clinical disease184. Although this 

study included patients aged >2 years, paediatric patients were not analysed 

separately; thus, the predictive value of cell cytotoxin positivity in paediatric patients 

is unknown.  

Although the QCC GDH + illumigene (sensitivity 85%) or BD GeneOhm (sensitivity 

83%) was superior to the QCC GDH + QCC TOX algorithm (sensitivity 28%), the 

sensitivity was lower than the molecular tests in the paediatric studies (89-100%, 

Table 3.9). This algorithm is commonly used to reduce costs; however, in this study 

the QCC GDH + illumigene algorithm did not save money (ca. AU$3,250 vs. 

AU$3,000 for illumigene alone) and the QCC GDH + BD GeneOhm algorithm 

reduced costs only because of the increased cost of the BD GeneOhm (AU$3,750 vs. 

AU$4,500 for BD GeneOhm alone). A cheaper GDH EIA method would make the 

algorithm cost effective.  

Over the study period an average of 1.63 stools per day were processed for 

C. difficile detection. A membrane-type EIA (e.g. QCC) would fit best with this work 

flow, but an alternative, cheaper, more sensitive assay without the redundant toxins 
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A/B component would be a better option if an algorithmic approach was used in a 

laboratory processing small numbers of specimens. A cheaper, well-type GDH EIA 

would better suit a laboratory processing large numbers of specimens in batches and 

would make a GDH EIA + molecular method algorithm cost effective. Both the 

illumigene and BD GeneOhm allow small batches to be tested. The illumigene has 

two chambers (each containing space for five samples); thus, a second run can be 

commenced simultaneously. illumigene has a quicker turnaround time compared 

with the BD GeneOhm, but involves more manual processing (seven steps). 

illumigene would be the best assay to implement in our laboratory: it would fit best 

with the workflow, be cost effective when used alone, provide rapid turnaround 

times, and good sensitivity and specificity. Given the excellent sensitivity and 

specificity, rapid turnaround times and ease of use of these molecular methods, plus 

the lack of cost savings and reduced sensitivity when the GDH EIA-first algorithms 

are used, a molecular method alone is recommended over the GDH EIA-first 

algorithms, or culture + CCCNA methods in our paediatric high-prevalence 

population.  

FN results for toxigenic strains may occur with use of the molecular methods. AB+ 

strains have been reported336,337, which the illumigene may fail to detect. Mutations 

in the highly conserved regions targeted may also be predicted to cause a FN result. 

Culture remains important to ensure that tcdA deficient strains are not missed in 

individual patients or outbreaks, and for epidemiological and outbreak investigations.  

Limitations of the study include the lack of correlation with clinical outcome, use of 

formed stools (4%; 6/150) for which the tests used are not validated, the freezing of 

stool specimens for BD GeneOhm, ChromID agar and toxin genes PCR assays, the 

large proportion of haematology/oncology patients, which may have skewed the 

results if test characteristics are different in this population, and the large number of 

repeat specimens sent from the same patients. The latter reflects the real-world 

situation in our laboratory; haematology/oncology patients with ongoing diarrhoea 

often have stools sent repeatedly. Many paediatric tertiary centres have 

haematology/oncology wards; thus, our study would be applicable to most paediatric 

hospitals.  
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The strengths of the study are the large number of stools tested, the inclusion of a 

paediatric hospital-based population, the use of toxigenic culture as the reference 

standard and the prospective, “real-world” collection of stools and testing with the 

QCC and illumigene. This is also, to our knowledge, the first exclusively paediatric 

study assessing the test performance of commonly used C. difficile diagnostic 

methods to be performed outside of the USA.  

In summary, the NPV of the QCC GDH and the sensitivities of the QCC TOX, BD 

GeneOhm and illumigene were reduced compared with adult studies, probably 

because of the higher prevalence of C. difficile in our predominantly 

haematology/oncology paediatric hospitalised population. All algorithms using GDH 

EIA-first showed reduced sensitivity because of the lower sensitivity of the GDH 

EIA compared with the second test. In this patient population, molecular methods 

alone are recommended to routinely diagnose CDI over the use of a GDH EIA-first 

algorithm, or culture + CCCNA, as they demonstrate the best test performance 

characteristics.  
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Chapter 4 C. difficile in humans in Thailand 

4.1 Introduction 

In order to monitor the prevalence and molecular characteristics of C. difficile, and 

elucidate the epidemiology of CDI, continued surveillance is essential. Currently, 

most C. difficile research has been done in North America, Europe and Australia, and 

limited data are available for Asian countries, such as Thailand273. As described in 

Chapter 1, several early prevalence studies conducted in Thailand used toxin A EIA 

kits as the sole method of detection273 and toxin EIA remains a popular method used 

in many hospitals in Thailand254. Given the recently reported high prevalence of 

A−B+ C. difficile RT 017 (41.5%) in Thailand and the low sensitivity of toxin 

EIA157,271, the published data are likely to be underestimation of the true prevalence. 

Toxigenic culture, which is a current ‘gold standard’ for C. difficile detection, is 

rarely performed these days due to time and cost constraints, while the use of PCR-

based techniques has increased over the years273. In addition to the lack of an 

optimum detection method, the most recent and only study with internationally 

recognised C. difficile typing data was conducted on strains isolated between 2006 

and 2008271. 

Antimicrobial exposure is the major risk factor for CDI124. Paradoxically, treatment 

of CDI with antimicrobials remains the preferred option. In Thailand, many 

antimicrobials can be purchased over-the-counter without the need for a prescription. 

When coupled with a general lack of knowledge regarding the appropriate use of 

antimicrobials in the community, misuse is inevitable338. A study conducted in Siriraj 

Hospital to evaluate the level of irrational antimicrobial usage showed that only 8.8% 

(27/307) of the prescriptions were appropriate and the main reason for misuse was 

lack of evidence of infection (35.8%; 110/307)249. Antimicrobials were routinely 

administered before test results become available and as a surgical prophylaxis249,251. 

These included cephalosporin, which have relatively high attributable risk for 

CDAD251,253.  

To encourage antimicrobial stewardship, the World Health Organisation (WHO) 

introduced an Antibiotic Smart Use programme in 2007 to promote the rational use 

of antimicrobials in patients with upper respiratory tract infections, simple wounds 

and acute diarrhoea. The programme aimed to produce a sustainable behavioural 

change in prescribing practices. The WHO reported a successful pilot intervention 
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and emphasised the importance of collaborative effort and commitment from 

healthcare practitioners and policy makers in scaling up the programme338. Despite 

the intervention, recent report suggested that antibiotic misuse remains common 

(48.9% in a 2011 report)252. 

Current knowledge regarding the antimicrobial susceptibility of Thai C. difficile 

isolates is limited to two studies published in the 1990s and the one study published 

in 2015 on a 2006-2008 collection of isolates. Current antimicrobial susceptibility 

data on circulating C. difficile strains is essential in the development of optimal 

treatment regimes. 

4.2 Aims 

In view of this lack of data and continual antimicrobial misuse, the aims of the 

following studies were: 

 To investigate the prevalence of CDI among diarrhoeal inpatients in Thailand. 

 To assess the performance of the routine C. difficile testing used at Siriraj 

Hospital. 

 To describe the molecular epidemiology and antimicrobial susceptibility of 

C. difficile isolated from inpatients in Thailand. 

 To describe the clinical characteristics, treatment and outcomes of CDI in 

Thailand. 

4.3 Results 

4.3.1 Isolation of C. difficile from patients stool specimens 

In total, 23.2% (182/783) of the specimens were positive via direct plating on 

ChromID agar, yielding 194 isolates (10 specimens contained >1 strains, Table 4.1). 

An additional 2.8% (22/783) of specimens only grew after the enrichment procedure 

(Table 4.1). The prevalence values for C. difficile in specimens routinely tested with 

BD MAX Cdiff (as requested by physicians) [26.3% (176/670)] and those not tested 

(not requested by physician) [24.8% (28/113)] (Table 4.1) were not significantly 

different. Among culture positive specimens, toxigenic strains were recovered from 

54.0% (95/176) and 32.1% (9/28) of the BD MAX tested and untested groups, 

respectively (Table 4.1). 



 

Table 4.1 Summary of BD MAX Cdiff and toxigenic culture results for human 

stool specimensa. 

BD MAX Culture Toxin Profile N (%) specimens N (%) isolates 

+ 

+, Direct 

A+B+CDT+ 1 (0.1) 1 (0.5) 

A+B+CDT− 45 (5.7) 46b (21.3) 

A−B+CDT− 17 (2.2) 17 (7.9) 

A−B−CDT− 3 (0.4) 10b (4.6) 

+, Enriched 
A+B+CDT− 12 (1.5) 12 (5.6) 

A−B+CDT− 1 (0.1) 1 (0.5) 

− − 13 (1.7) 0 (0.0) 

− 

+, Direct 

A+B+CDT− 14 (1.8) 15c (6.9) 

A−B+CDT− 4 (0.5) 4 (1.9) 

A−B−CDT− 76 (9.7) 79d (36.6) 

+, Enriched 
A+B+CDT− 1 (0.1) 1 (0.5) 

A−B−CDT− 2 (0.3) 2 (0.9) 

− − 481 (61.4) 0 (0.0) 

Untested 

+, Direct 

A+B+CDT− 7 (0.9) 7 (3.2) 

A−B+CDT− 1 (0.1) 1 (0.5) 

A−B−CDT− 14 (1.8) 14 (6.5) 

+, Enriched 
A+B+CDT− 1 (0.1) 1 (0.5) 

A−B−CDT− 5 (0.6) 5 (2.3) 

− − 85 (10.9) 0 (0.0) 

Total   783 216 

 

a +, positive; −, negative; Direct, isolates that were positive via direct plating method; 

Enriched, isolates that were positive via enrichment culture method. 
b One specimen contained three strains, all of which were non-toxigenic. Four 

specimens contained two strains, one toxigenic and one non-toxigenic, and one 

specimen contained three strains, two toxigenic and one non-toxigenic. Per each 

specimen that contains both toxigenic and non-toxigenic strains, only one toxigenic 

isolate was included in the final calculation to evaluate BD MAX performance.  
c One specimen contained two strains. 
d Three specimen contained two strains.  
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4.3.2 Performance of routine testing in Thai Hospital 

Of the 670 specimens tested with BD MAX Cdiff, 92 (13.7%) and 578 (86.3%) were 

BD MAX positive and negative, respectively (Table 4.1). When compared against 

the toxigenic culture, 94.8% (635/670) of results were concordant (Table 4.1). 

The performance of BD MAX Cdiff assay was calculated after excluding the BD 

MAX negative specimens that yielded non-toxigenic isolates (n=78). With direct 

toxigenic culture as a gold standard, the sensitivity, specificity, PPV and NPV of the 

BD MAX Cdiff were 77.8%, 94.3%, 68.5% and 96.4%, respectively (Table 4.2).  

4.3.3 Toxin genes profiling and PCR ribotyping of C. difficile isolates  

As shown in Table 4.1, 13.3% (104/783) of the specimens grew toxigenic C. difficile, 

yielding 106 isolates, while 12.8% (100/783) of the specimens grew non-toxigenic 

C. difficile, yielding 110 isolates. Of the toxigenic isolates recovered, 77.4% (82/106) 

were A+B+CDT−, while 21.7% (23/106) were A−B+CDT−. Only one isolate (0.9%; 

1/106) was positive for a cdt gene (cdtA component only). The majority of isolates 

recovered were A−B−CDT− (50.9%; 110/216). 

The 63 RTs of C. difficile identified are shown in Table 4.3 along with their 

respective toxin profile. Of the 216 isolates, 116 (53.7%) were assigned to 

internationally recognised RTs 001 (n=2), 002 (2), 005 (1), 009 (10), 010 (22), 

014/020 group (34), 017 (23), 039 (11), 046 (6), 053 (1), 056 (1), 103 (2) and 106 (1). 

The remaining 46.3% (100/216) of the isolates did not match any reference strains 

and were designated with an internal nomenclature prefixed QX (Table 4.3). The RT 

banding patterns and isolate relatedness are shown in Figure 4.1. 

4.3.4 Antimicrobial susceptibility of Thai C. difficile isolates 

Summary MIC data for nine antimicrobials against C. difficile isolates are shown in 

Table 4.4. All isolates were susceptible to metronidazole and amoxicillin/clavulanate. 

All isolates were susceptible to meropenem, except for one RT 017 (MIC 8 mg/L). 

No resistance was observed against fidaxomicin, while resistance to vancomycin 

(MIC 4 mg/L) was observed in 1.4% (3/216) of the isolates. The latter included RTs 

046 (n=2) and 053 (1). 

The in vitro activity of fidaxomicin (MIC50/MIC90 0.06/0.12 mg/L) was superior to 

vancomycin (MIC50/MIC90 1/2 mg/L) and metronidazole (MIC50/MIC90 0.25/0.25 

mg/L). Compared to fidaxomicin, vancomycin and metronidazole, rifaximin 



 

Table 4.2 The performance characteristics of BD MAX Cdiff calculated using toxigenic culture as a reference standarda. 

Test Culture method 

Nb  % 

FN FP TN TP  Sensitivity Specificity PPV NPV LR 

BD MAX 

 

Directc 18 29 482 63  77.8 (67.2-86.3) 94.3 (92.0-96.2) 68.5 (58.0-77.8) 96.4 (94.4-97.9) 13.7 

Enrichmentd 19 16 481 76  80.0 (70.5-87.5) 96.8 (94.8-98.2) 82.6 (73.3-89.7) 96.2 (94.1-97.7) 24.85 

 

a FN, false negative; FP, false positive; TN, true negative; TP, true positive; PPV, positive predictive value; NPV, negative predictive value; LR, 

likelihood ratio; 95% confidence intervals are in parentheses. Of the 783 specimens collected, 670 specimens were tested by BD MAX. Among 

the BD MAX negative specimens, 78 contained non-toxigenic isolates and these were excluded from the analysis. 
b FN are specimens positive for toxigenic culture but negative for BD MAX. FP are specimens negative for toxigenic culture but positive for BD 

MAX. TN and TP are specimens with negative and positive results, respectively, for both toxigenic culture and BD MAX.  
c Only direct plating positive specimens were deemed as culture positive in the analysis.  
d Both direct plating and enrichment culture positive specimens were deemed as culture positive in the analysis. 



 

Table 4.3 Summary of PCR ribotypes and toxin profile of C. difficile isolated 

from Thai patients. 

PCR ribotypea Toxin profile 
N (%) 

tcdA tcdB cdtA/B 

014/020 group +/− +/− − 34 (15.7) 

017 − + − 23 (10.6) 

010 − − − 22 (10.2) 

QX001 + + − 12 (5.6) 

039 − − − 11 (5.1) 

009 − − − 10 (4.6) 

QX002 +/− +/− − 7 (3.2) 

QX178 − − − 7 (3.2) 

046 + + − 6 (2.8) 

QX102 + + − 4 (1.9) 

QX083, QX514 (4 each) − − − 8 (3.7) 

QX032 + + − 3 (1.4) 

QX011, QX107, QX117 (3 each) − − − 9 (4.2) 

001, 002, 103, QX007, QX158, QX161        

(2 each) 
+ + − 12 (5.6) 

QX078, QX138, QX190, QX506, QX510, 

QX511, QX524 (2 each) 
− − − 14 (6.5) 

QX538 + + + 1 (0.5) 

005, 053, 056, 106, QX005, QX026, QX076, 

QX176, QX455, QX517, QX544, QX555      

(1 each) 

+ + − 12 (5.6) 

QX077, QX393, QX507, QX508, QX509, 

QX513, QX515, QX516, QX522, QX523, 

QX539, QX540, QX541, QX542, QX552, 

QX556, QX557, QX558, QX559, QX560, 

QX561 (1 each) 

− − − 21 (9.7) 

Total    216 

 

a RT 014/020 group contains 32 A+B+CDT− isolates and two non-toxigenic isolates, 

QX002 contains one A+B+CDT− isolate and six non-toxigenic isolates. 



PCR ribotype N (%) Toxin profile 

QX158 2 (0.9) A+B+CDT− 

QX176 1 (0.5) A+B+CDT− 

QX508 1 (0.5) A−B−CDT− 

QX107 3 (1.4) A−B−CDT− 

QX523 1 (0.5) A−B−CDT− 

QX190 2 (0.9) A−B−CDT− 

027ref - A+B+CDT+ 

QX516 1 (0.5) A−B−CDT− 

QX556 1 (0.5) A−B−CDT− 

QX011 3 (1.4) A−B−CDT− 

QX541 1 (0.5) A−B−CDT− 

039 11 (5.1) A−B−CDT− 

QX538 1 (0.5) A+B+CDT+ 

009 10 (4.6) A−B−CDT− 

078ref - A+B+CDT+ 

QX076 1 (0.5) A+B+CDT− 

QX540 1 (0.5) A−B−CDT− 

010 22 (10.2) A−B−CDT− 

QX509 1 (0.5) A−B−CDT− 

046 6 (2.8) A+B+CDT− 

QX510 2 (0.9) A−B−CDT− 

QX393 1 (0.5) A−B−CDT− 

QX542 1 (0.5) A−B−CDT− 

QX524 2 (0.9) A−B−CDT− 

QX560 1 (0.5) A−B−CDT− 

QX561 1 (0.5) A−B−CDT− 

QX559 1 (0.5) A−B−CDT− 

053 1 (0.5) A+B+CDT− 

QX007 2 (0.9) A+B+CDT− 

002 2 (0.9) A+B+CDT− 

QX511 2 (0.9) A−B−CDT− 

QX557 1 (0.5) A−B−CDT− 

QX514 4 (1.9) A−B−CDT− 

QX507 1 (0.5) A−B−CDT− 

QX544 1 (0.5) A+B+CDT− 

QX117 3 (1.4) A−B−CDT− 

QX178 7 (3.2) A−B−CDT− 

QX077 1 (0.5) A−B−CDT− 

005 1 (0.5) A+B+CDT− 

QX558 1 (0.5) A−B−CDT− 

QX138 2 (0.9) A−B−CDT− 

106 1 (0.5) A+B+CDT− 

QX506 2 (0.9) A−B−CDT− 

QX161 2 (0.9) A+B+CDT− 

QX555 1 (0.5) A+B+CDT− 

017 23 (10.6) A−B+CDT− 

017ref - A−B+CDT− 

QX032 3 (1.4) A+B+CDT− 

QX539 1 (0.5) A−B−CDT− 

001 2 (0.9) A+B+CDT− 

QX513 1 (0.5) A−B−CDT− 

QX455 1 (0.5) A+B+CDT− 

QX083 4 (1.9) A−B−CDT− 

QX515 1 (0.5) A−B−CDT− 

QX552 1 (0.5) A−B−CDT− 

014 
34 (15.7) A−/+B−/+CDT− 

020 

QX026 1 (0.5) A+B+CDT− 

QX517 1 (0.5) A+B+CDT− 

QX002 7 (3.2) A−/+B−/+CDT− 

QX078 2 (0.9) A−B−CDT− 

QX522 1 (0.5) A−B−CDT− 

QX001 12 (5.6) A+B+CDT− 

QX005 1 (0.5) A+B+CDT− 

056 1 (0.5) A+B+CDT− 

103 2 (0.9) A+B+CDT− 

QX102 4 (1.9) A+B+CDT− 



Figure 4.1 PCR ribotyping patterns for C. difficile isolated from human patients in 

Thailand. The corresponding toxin gene profile is also provided for each RT. For 

comparative purposes, epidemic reference RTs 078, 027 and 017 are also added (ref). 

Rows are colour-coded according to the toxin gene profile.  

 

  



 

Table 4.4 Summary MIC data for nine antimicrobials against 216 C. difficile isolated from Thai patients. 

Agenta 
MIC Range 

(mg/L) 

MIC50 

(mg/L) 

MIC90 

(mg/L) 

Breakpoints287-290  Susceptible  Intermediate  Resistant 

S I R  N %  N %  N % 

FDX <0.002-0.25 0.06 0.12 - - >1  - -  - -  0 0.0 

VAN 0.06-4 1 2 ≤2 - >2  213 98.6  - -  3 1.4 

MTZ 0.015-0.5 0.25 0.25 ≤2 - >2  216 100.0  - -  0 0.0 

RFX 0.002->128 0.015 >128 - - >32  - -  - -  29 13.4 

CLI 0.015->32 8 >32 ≤2 4 ≥8  37 17.1  50 23.1  129 59.7 

ERY 0.12->256 2 >256 - - >8  - -  - -  71 32.9 

AMC 0.03-4 0.5 1 ≤4 8 ≥16  216 100.0  0 0.0  0 0.0 

MXF 0.12->32 2 16 ≤2 4 ≥8  164 75.9  3 1.4  49 22.7 

MEM 0.25-8 2 4 ≤4 8 ≥16  215 99.5  1 0.5  0 0.0 

 

aFDX, fidaxomicin; VAN, vancomycin; MTZ, metronidazole; RFX, rifaximin; CLI, clindamycin; ERY, erythromycin; AMC, 

amoxicillin/clavulanate; MXF, moxifloxacin; MEM, meropenem.   
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exhibited a greater MIC range (0.002->128 mg/L). The MIC of rifaximin was ≤0.03 

mg/L against the majority of the isolates (86.1%; 186/216) and ≥128 mg/L for 13.4% 

(29/216) of the isolates. The latter included RTs 010 (n=2), 017 (20), 046 (2), 053 (1), 

QX002 (3) and QX011 (1). The MIC50 of rifaximin (0.015 mg/L) was the lowest of 

all antimicrobials tested (Table 4.4).  

The majority of the isolates (59.7%; 129/216) were resistant to clindamycin, while 

less resistance to erythromycin (32.9%; 71/216) and moxifloxacin (22.7%; 49/216) 

was observed (Table 4.4).  

The prevalence of MDR, as defined by resistance to ≥3 antimicrobials tested, was 

22.7% (49/216). This included RTs 001 (n=2), 009 (2), 010 (3), 014/020 group (1), 

017 (20), 039 (7), 046 (5), QX002 (3), QX011 (1), QX083 (2), QX190 (2) and 

QX516 (1). Multiple resistance to vancomycin, clindamycin, erythromycin and 

moxifloxacin was observed in two RT 046 strains. Multiple resistance to rifaximin, 

clindamycin, erythromycin and moxifloxacin was observed among the following 

strains: RTs 017 (n=17), 046 (1) and QX011 (1). 

Summary MIC for the nine antimicrobials against C. difficile by toxin gene profiles 

are shown in Table 4.5. The MIC50/MIC90 values of rifaximin against non-toxigenic 

and A+B+ isolates (0.015/0.03 and 0.004/0.03 mg/L, respectively) were lower than 

those of A−B+ isolates (>128/>128 mg/L), all of which were RT 017. Similar trends 

for clindamycin, erythromycin and moxifloxacin were observed where MICs for 

A−B+ (RT 017) isolates were higher than those of non-toxigenic and A+B+ isolates 

(Table 4.5). 

Summary of susceptibility data for six antimicrobials against C. difficile by toxin 

gene profile are shown in Table 4.6. Compared to non-toxigenic and A+B+ isolates, 

relatively higher proportions of A−B+ (RT 017) isolates were resistant to rifaximin 

(5.5% and 3.6% vs. 87.0%), clindamycin (65.5% and 45.8% vs. 82.6%), 

erythromycin (34.5% and 14.5% vs. 91.3%) and moxifloxacin (16.4% and 12.0% vs. 

91.3%). 

4.3.5 Descriptive epidemiology 

Demographic and clinical characteristics were available on 133 inpatients who were 

investigated for CDI. The majority of patients were female (60.3%; 79/133), and the 

median age was 71.3 years old (range 19.5-102.5, interquartile range [IQR] 56.0-



 

Table 4.5 Summary MIC data for nine antimicrobials against Thai human C. difficile by toxin gene profile.  

Agenta 

Toxigenic isolates (n=106)  A−B− isolates (n=110)  A+B+ isolates (n=83)  A−B+ isolates (n=23) 

MIC Range MIC50/MIC90  MIC Range MIC50/MIC90  MIC Range MIC50/MIC90  MIC Range MIC50/MIC90 

FDX <0.002-0.25 0.06/0.12  <0.002-0.25 0.06/0.12  <0.002-0.25 0.06/0.12  0.002-0.06 0.03/0.06 

VAN 0.25-4 1/2  0.06-2 1/2  0.25-4 1/2  0.5-2 1/1 

MTZ 0.015-0.25 0.25/0.25  0.015-0.5 0.25/0.25  0.015-0.25 0.25/0.25  0.015-0.25 0.25/0.25 

RFX 0.002->128 0.008/>128  0.002->128 0.015/0.03  0.002->128 0.004/0.03  0.015->128 >128/>128 

CLI 0.015->32 8/>32  0.03->32 8/>32  0.015->32 4/>32  0.015->32 >32/>32 

ERY 0.5->256 1/>256  0.12->256 2/>256  0.5->256 1/>256  1->256 >256/>256 

AMC 0.03-4 0.5/1  0.03-4 0.5/1  0.03-4 0.5/1  0.03-1 0.5/1 

MXF 0.12-32 2/32  0.12->32 2/16  0.12-32 2/16  0.25-32 16/32 

MEM 0.25-8 2/4  0.25-4 2/4  0.5-4 2/4  0.25-8 4/8 

 

aFDX, fidaxomicin; VAN, vancomycin; MTZ, metronidazole; RFX, rifaximin; CLI, clindamycin; ERY, erythromycin; AMC, 

amoxicillin/clavulanate; MXF, moxifloxacin; MEM, meropenem. All values are shown in mg/L.   



 

Table 4.6 Susceptibility data for six antimicrobials against Thai human C. difficile by toxin gene profile.  

Agenta 
Toxigenic isolates (n=106)  A−B− isolates (n=110)  A+B+ isolates (n=83)  A−B+ isolates (n=23) 

NS (%) NI (%) NR (%)  NS (%) NI (%) NR (%)  NS (%) NI (%) NR (%)  NS (%) NI (%) NR (%) 

VAN 103 

(97.2) 

- 3 

(2.83) 

 110 

(100.0) 

- 0 

(0.0) 

 80 

(96.4) 

- 3 

(3.6) 

 23 

(100.0) 

- 0 

(0.0) 

RFX - - 23 

(21.7) 

 - - 6 

(5.5) 

 - - 3 

(3.6) 

 - - 20 

(87.0) 

CLI 19 

(17.9) 

30 

(28.3) 

57 

(53.8) 

 18 

(16.4) 

20 

(18.2) 

72 

(65.5) 

 16 

(19.3) 

29 

(34.9) 

38 

(45.8) 

 3 

(13.0) 

1 

(4.3) 

19 

(82.6) 

ERY - - 32 

(30.2) 

 - - 38 

(34.5) 

 - - 12 

(14.5) 

 - - 21 

(91.3) 

MXF 73 

(68.9) 

2 

(1.9) 

31 

(29.2) 

 91 

(82.7) 

1 

(0.9) 

18 

(16.4) 

 71 

(85.5) 

2 

(2.4) 

10 

(12.0) 

 2 

(8.7) 

0 

(0.0) 

21 

(91.3) 

MEM 105 

(99.1) 

1 

(0.9) 

0 

(0.0) 

 110 

(100.0) 

0 

(0.0) 

0 

(0.0) 

 83 

(100.0) 

0 

(0.0) 

0 

(0.0) 

 22 

(95.7) 

1 

(4.3) 

0 

(0.0) 

 

aCLI, clindamycin; ERY, erythromycin; MXF, moxifloxacin; NS, number of susceptible isolate; NI, number of isolate with intermediate MIC 

value; NR, number of resistant isolates. None of the isolate was resistant to FDX. All isolates were susceptible to MTZ and AMC.  
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81.7). CDI cases were defined as patients who were culture positive for toxigenic 

C. difficile. Non-CDI cases included patients who were culture positive for non-

toxigenic C. difficile and culture negative patients. Comparisons of the clinical 

characteristics between CDI cases (24.1%; 32/133) and non-CDI cases (75.9%; 

101/133), and between C. difficile-positive (36.1%; 48/133) and C. difficile-negative 

patients (63.9%; 85/133) are shown in Tables 4.7 and 4.8, respectively. The 

percentages shown in the Tables are calculated based on the total number of valid 

responses obtained. 

4.3.5.1 Comparison of CDI cases with non-CDI cases 

A significantly higher proportion of CDI patients were hospitalised in the 12 weeks 

before diarrhoeal symptom (68.8% vs. 44.8%, p=0.019). Significantly less CDI 

patients suffered from diseases of the musculoskeletal system and connective tissue 

than non-CDI patients (21.9% vs. 44.6%, p=0.022). These were the only statistically 

significant difference between CDI cases and non-CDI cases (Table 4.7). 

Most CDI cases (71.0%) and non-CDI cases (57.0%) were female (Table 4.7). The 

median age of patients in both groups was similar (71.5 vs. 71.3 years) but relatively 

larger proportion of CDI patients were aged ≥65 years old (68.8%; 22/32 vs. 58.4%; 

59/101). The majority of patients in both groups experienced ≥3 episodes of 

diarrhoea in the prior 24 h (100.0% vs. 97.9%). Laxative use within 48 h preceding 

stool collection was relatively less common among CDI patients (19.4% vs. 24.7%). 

Most CDI and non-CDI patients resided at home prior to admission (93.8% vs. 

97.9%), whilst more CDI patients resided in acute care facility (6.3% vs. 2.1%).  

Similar proportions of patients in both groups had used mechanical ventilation 

(25.0% vs. 22.7%) and undergone surgery (15.6% vs. 18.8%). Surgeries performed 

on CDI patients included two elective (orthopaedic and urological), and three non-

elective surgeries (lobectomy, hip replacement and decompressive frontal 

craniectomy with mechanical thrombectomy). GI tract and cardiac surgeries were 

most frequently performed on non-CDI patients. Prevalence of concurrent GI disease 

was similar in both groups (25.0% vs. 26.7%). Diseases of the ear and mastoid 

process, and malignancies, were the most commonly reported co-morbidities among 

both groups.  



 

Table 4.7 Comparison of the demographic and clinical characteristics of 133 Thai 

patients who tested positive (CDI, n=32) and negative (non-CDI, n=101) for toxigenic 

C. difficile via toxigenic culture. 

Characteristics 
N (%) patientsa pb 

CDI Non-CDI Total 

Sex 
   

0.165 

 

 

Female 22 (71.0) 57 (57.0) 79 (60.3) 

Male 9 (29.0) 43 (43.0) 52 (39.7) 

     

Median age (years, [IQR]) 71.5  

[57.9-84.3] 

71.3  

[56.1-80.9] 

  

Age group 
   

0.165 

15-29  4 (12.5) 5 (5.1) 9 (6.9) 
 

30-49  0 (0.0) 11 (11.1) 11 (8.4) 
 

50-64  6 (18.8) 24 (24.2) 30 (22.9) 
 

65-79  10 (31.3) 31 (32.3) 41 (31.3) 
 

80+ 12 (37.5) 28 (28.3) 40 (30.5) 
 

     

CSD definition used 
   

0.428 

 

 

≥3 diarrhoeal bowel movements 

in the prior 24 h corresponding to 

Bristol stool chart grade 6-7 

30 (100.0) 95 (97.9) 125 (98.4) 

≥1 diarrhoeal bowel movement 

corresponding to Bristol stool chart 

grade 6-7 and associated with 

abdominal pain and/or cramping 

0 (0.0) 2 (2.1) 2 (1.6) 

     

Laxative used within 48 h of stool collection 
  

0.538 

 

 

No 25 (80.6) 73 (75.3) 98 (76.6) 

Yes 6 (19.4) 24 (24.7) 30 (23.4) 

     

Medical history 
    

Provenance at index admission 
   

0.241 

 

 

Home 30 (93.8) 94 (97.9) 124 (96.9) 

Acute care hospital 2 (6.3) 2 (2.1) 4 (3.1) 

     

History of hospitalisation in the last 12 weeks 
  

0.019 

 
 

No 10 (31.3) 53 (55.2) 63 (49.2) 

Yes 22 (68.8) 43 (44.8) 65 (50.8) 

     

History of mechanical ventilation since admission 0.788 

 

 

No 24 (75.0) 75 (77.3) 99 (76.7) 

Yes 8 (25.0) 22 (22.7) 30 (23.3) 

     

History of surgery in the last 12 weeks 
  

0.690 

 

 
No 27 (84.4) 78 (81.3) 105 (82.0) 

Yes 5 (15.6) 18 (18.8) 23 (18.0) 

     

     



 

Characteristics 
N (%) patientsa pb 

CDI Non-CDI Total 

Type of surgery 
   

0.259 

Cardiac surgery 0 (0.0) 4 (16.7) 4 (13.8)  

GI surgery 0 (0.0) 8 (33.3) 8 (27.6)  

Hepatobiliary surgery 0 (0.0) 2 (8.3) 2 (6.9)  

Neurosurgery 1 (20.0) 1 (4.2) 2 (6.9)  

Orthopaedic surgery 2 (40.0) 3 (12.5) 5 (17.2)  

Other 0 (0.0) 3 (12.5) 3 (10.3)  

Other thoracic surgery 1 (20.0) 1 (4.2) 2 (6.9)  

Urological surgery 1 (20.0) 2 (8.3) 3 (10.3)  

     

The surgery was elective 
   

0.692 

 No 3 (60.0) 9 (50.0) 12 (52.2) 

Yes 2 (40.0) 9 (50.0) 11 (47.8) 

     

Concurrent or underlying GI diseases 
  

0.854 

 

 

No 24 (75.0) 66 (73.3) 90 (73.8) 

Yes 8 (25.0) 24 (26.7) 32 (26.2) 

     

Diagnosis at admission (most frequent diagnosis among CDI patients first) 

Diseases of the ear and mastoid 

process 

22 (68.8) 69 (68.3) 91 (68.4) 0.963 

Malignancies 21 (65.6) 59 (58.4) 80 (60.2) 0.468 

Endocrine, nutritional and 

metabolic diseases 

18 (56.3) 55 (54.5) 73 (54.9) 0.859 

Infectious and parasitic diseases 13 (40.6) 32 (31.7) 45 (33.8) 0.352 

Diseases of the circulatory system 11 (34.4) 33 (32.7) 44 (33.1) 0.858 

Diseases of the skin and 

subcutaneous tissue 

11 (34.4) 42 (41.6) 53 (39.8) 0.468 

External causes of morbidity 8 (25.0) 38 (37.6) 46 (34.6) 0.191 

Diseases of the musculoskeletal 

system and connective tissue 

7 (21.9) 45 (44.6) 52 (39.1) 0.022 

Diseases of the respiratory system 7 (21.9) 23 (22.8) 30 (22.6) 0.916 

Congenital malformations, 

deformations and chromosomal 

abnormalities 

6 (18.8) 21 (20.8) 27 (20.3) 0.802 

Diseases of the digestive system 5 (15.6) 14 (13.9) 19 (14.3) 0.804 

Diseases of the nervous system 5 (15.6) 19 (18.8) 24 (18) 0.683 

Diseases of the genitourinary 

system 

2 (6.3) 8 (7.9) 10 (7.5) 0.755 

Factors influencing health status 

and contact with health services 

2 (6.3) 1 (1.0) 3 (2.3) 0.081 

Injury, poisoning and certain other 

consequences of external causes 

2 (6.3) 1 (1.0) 3 (2.3) 0.081 

Mental, behavioural and 

neurodevelopmental disorders 

2 (6.3) 18 (17.8) 20 (15.0) 0.111 

Symptoms, signs and abnormal 

clinical and laboratory findings, 

not elsewhere classified 

2 (6.3) 5 (5.0) 7 (5.3) 0.774 



 

Characteristics 
N (%) patientsa pb 

CDI Non-CDI Total 

Diagnosis at admission (continued)    

Diseases of the eye and adnexa 1 (3.1) 6 (5.9) 7 (5.3) 0.534 

     

Recent medication 
 

Any antibiotic used in the last 2 

months 

25 (78.1) 72 (71.3) 97 (72.9) 0.607 

Aminoglycoside 0 (0.0) 2 (2.0) 2 (1.5) 0.448 

Colistin 3 (9.4) 4 (4.0) 7 (5.3) 0.423 

Co-trimoxazole 2 (6.3) 2 (2.0) 4 (3.0) 0.232 

Fluoroquinolone 5 (15.6) 13 (12.9) 18 (13.5) 0.218 

Lincosamide 1 (3.1) 4 (4.0) 5 (3.8) 0.691 

Macrolide 1 (3.1) 10 (9.9) 11 (8.3) 0.829 

Metronidazole 6 (18.8) 8 (7.9) 14 (10.5) 0.225 

Tigecycline 0 (0.0) 2 (2.0) 2 (1.5) 0.082 

Vancomycin 2 (6.3) 10 (9.9) 12 (9.0) 0.423 

Any β-lactams 23 (71.9) 68 (67.3) 91 (68.4) 0.630 

Amoxicillin/clavulanic acid 4 (12.5) 5 (5.0) 9 (6.8) 0.138 

Carbapenem 11 (34.4) 31 (30.7) 42 (31.6) 0.696 

Any cephalosporin 13 (40.6) 40 (39.6) 53 (39.8) 0.918 

first-generation 2 (6.3) 6 (5.9) 8 (6.0) 0.949 

third-generation 11 (34.4) 35 (34.7) 46 (34.6) 0.977 

fourth-generation 0 (0.0) 2 (2.0) 2 (1.5) 0.423 

Piperacillin/tazobactam 8 (25.0) 31 (30.7) 39 (29.3) 0.538 

Other β-lactamsc 2 (6.3) 7 (6.9) 9 (6.8) 0.894 

Other antibioticsd 4 (12.5) 4 (4.0) 8 (6.0) 0.077 

     

Lifestyle information 
    

Contact with pets or farm animals in the past 3 months 0.772 

 

 

No 16 (94.1) 46 (95.8) 62 (95.4) 

Yes 1 (5.9) 2 (4.2) 3 (4.6) 

     

Contact with infants in the past 3 months 
  

- 

No 18 (100.0) 48 (100.0) 66 (100.0) 

     

Regular visit to a long-term care facility or hospital in the past 3 months 0.257 

 

 

No 7 (23.3) 32 (34.4) 39 (31.7) 

Yes 23 (76.7) 61 (65.6) 84 (68.3) 

     

Food allergy 
   

0.214 

 

 

No 12 (100.0) 30 (88.2) 42 (91.3) 

Yes 0 (0.0) 4 (11.8) 4 (8.7) 

     

Diagnosis and management 
    

Medical management 
   

0.454 

 

 

 

No treatment 2 (10.0) 0 (0.0) 2 (9.1) 

Metronidazole 15 (75.0) 1 (50.0) 16 (72.7) 

Metronidazole and vancomycin 3 (15.0) 1 (50.0) 4 (18.2) 

     



 

Characteristics 
N (%) patientsa pb 

CDI Non-CDI Total 

Patient’s outcome 
   

0.533 

 

 

 

Resolved without PMC 4 (20.0) 0 (0.0) 4 (18.2) 

Resolved after PMC 12 (60.0) 2 (100.0) 14 (63.6) 

Death 4 (20.0) 0 (0.0) 4 (18.2) 
 

a Percentages are calculated based on the total number of valid responses in each 

patient category. 
b p, p-values were calculated using SPSS Pearson Chi-Square test and the asymptotic 

significance (2-sided) reported. The p-values <0.05 were underlined. 
c Other β-lactam included two ampicillin for CDI group, and five ampicillin/sulbactam 

and two dicloxacillin for non-CDI group. 
d Other antibiotics included one amphotericin, one fosfomycin and two doxycycline 

for CDI group, and one each of amphotericin, clotrimazole, fosfomycin and linezolid 

for non-CDI group.  



 

Table 4.8 Comparison of the demographic and clinical characteristics of 133 Thai 

patients who tested positive (n=48) and negative (n=85) for C. difficile via culture.  

Characteristics 

C. difficile detected  

N (%) patientsa 
Total pb 

Yes No 

Sex 
   

0.537 

Female 30 (63.8) 49 (58.3) 79 (60.3) 

Male 17 (36.2) 35 (41.7) 52 (39.7) 

     

Median age (years, [IQR]) 73.9 

[57.9-84.2] 

69.6 

[55.3-79.7] 

  

Age group 
   

0.335 

15-29  4 (8.3) 5 (6.0) 9 (6.9) 

30-49  2 (4.2) 9 (10.8) 11 (8.4) 

50-64  9 (18.8) 21 (25.3) 30 (22.9) 

65-79  14 (29.2) 27 (32.5) 41 (31.3) 

80+ 19 (39.6) 21 (25.5) 40 (30.5)      

CSD definition used 
   

0.283 

≥3 diarrhoeal bowel movements in 

the prior 24 h corresponding to 

Bristol stool chart grade 6-7 

46 (100.0) 79 (97.5) 125 (98.4) 

≥1 diarrhoeal bowel movement 

corresponding to Bristol stool chart 

grade 6-7 and associated with 

abdominal pain and/or cramping 

0 (0.0) 2 (2.5) 2 (1.6) 

     

Laxative used within 48 h of stool collection 
  

0.995 

No 36 (76.6) 62 (76.5) 98 (76.6) 

Yes 11 (23.4) 19 (23.5) 30 (23.4)      

Medical history 
    

Provenance at index admission 
   

0.576 

Home 45 (95.7) 79 (97.5) 124 (96.9) 

Acute care hospital 2 (4.3) 2 (2.5) 4 (3.1)      

History of hospitalisation in the last 12 weeks 
  

0.130 

No 19 (40.4) 44 (54.3) 63 (49.2) 

Yes 28 (59.6) 37 (45.7) 65 (50.8)      

History of mechanical ventilation since admission 0.403 

No 38 (80.9) 61 (74.4) 99 (76.7) 

Yes 9 (19.1) 21 (25.6) 30 (23.3)      

     



 

Characteristics 

C. difficile detected  

N (%) patientsa 
Total pb 

Yes No 

History of surgery in the last 12 weeks 
   

0.858 

No 39 (81.3) 66 (82.5) 105 (82) 

Yes 9 (18.8) 14 (17.5) 23 (18) 

     

Type of surgery 
   

0.585 

Cardiac surgery 1 (10.0) 3 (15.8) 4 (13.8) 

GI surgery 2 (20.0) 6 (31.6) 8 (27.6) 

Hepatobiliary surgery 0 (0.0) 2 (10.5) 2 (6.9) 

Neurosurgery 1 (10.0) 1 (5.3) 2 (6.9) 

Orthopaedic surgery 2 (20.0) 3 (15.8) 5 (17.2) 

Other 1 (10.0) 2 (10.5) 3 (10.3) 

Other thoracic surgery 2 (20.0) 0 (0.0) 2 (6.9) 

Urological surgery 1 (10.0) 2 (10.5) 3 (10.3)       

The surgery was elective    0.147 

No 3 (33.3) 9 (64.3) 12 (52.2) 

Yes 6 (66.7) 5 (35.7) 11 (47.8)      

Concurrent or underlying GI diseases    0.804 

No 36 (75.0) 54 (73.0) 90 (73.8) 

Yes 12 (25.0) 20 (27.0) 32 (26.2)      

Diagnosis at admission  

(most frequent diagnosis among culture positive patients first) 

Diseases of the ear and mastoid 

process 

35 (72.9) 56 (65.9) 91 (68.4) 0.402 

Endocrine, nutritional and metabolic 

diseases 

29 (60.4) 44 (51.8) 73 (54.9) 0.336 

Malignancies 28 (58.3) 52 (61.2) 80 (60.2) 0.748 

Infectious and parasitic diseases 21 (43.8) 24 (28.2) 45 (33.8) 0.069 

Diseases of the circulatory system 18 (37.5) 26 (30.6) 44 (33.1) 0.416 

Diseases of the skin and subcutaneous 

tissue 

18 (37.5) 35 (41.2) 53 (39.8) 0.677 

Diseases of the musculoskeletal 

system and connective tissue 

17 (35.4) 35 (41.2) 52 (39.1) 0.513 

External causes of morbidity 15 (31.3) 31 (36.5) 46 (34.6) 0.543 

Congenital malformations, 

deformations and chromosomal 

abnormalities 

11 (22.9) 16 (18.8) 27 (20.3) 0.573 

Diseases of the respiratory system 11 (22.9) 19 (22.4) 30 (22.6) 0.940 

Diseases of the nervous system 8 (16.7) 16 (18.8) 24 (18.0) 0.756 

Mental, behavioural and 

neurodevelopmental disorders 

6 (12.5) 14 (16.5) 20 (15.0) 0.538 



 

Characteristics 

C. difficile detected  

N (%) patientsa 
Total pb 

Yes No 

Diagnosis at admission (continued)     

Diseases of the digestive system 5 (10.4) 14 (16.5) 19 (14.3) 0.338 

Diseases of the genitourinary system 3 (6.3) 7 (8.2) 10 (7.5) 0.677 

Symptoms, signs and abnormal 

clinical and laboratory findings, not 

elsewhere classified 

3 (6.3) 4 (4.7) 7 (5.3) 0.702 

Diseases of the eye and adnexa 2 (4.2) 5 (5.9) 7 (5.3) 0.670 

Factors influencing health status and 

contact with health services 

2 (4.2) 1 (1.2) 3 (2.3) 0.265 

Injury, poisoning and certain other 

consequences of external causes 

2 (4.2) 1 (1.2) 3 (2.3) 0.265 

     

Recent medication  
 

Any antibiotic used in the last 2 

months 

38 (79.2) 59 (69.4) 97 (72.9) 0.224 

Aminoglycoside 0 (0.0) 2 (2.4) 2 (1.5) 0.284 

Colistin 4 (8.3) 3 (3.5) 7 (5.3) 0.233 

Co-trimoxazole 2 (4.2) 2 (2.4) 4 (3) 0.556 

Fluoroquinolone 5 (10.4) 13 (15.3) 18 (13.5) 0.430 

Lincosamide 1 (2.1) 4 (4.7) 5 (3.8) 0.445 

Macrolide 3 (6.3) 8 (9.4) 11 (8.3) 0.525 

Metronidazole 7 (14.6) 7 (8.2) 14 (10.5) 0.252 

Tigecycline 0 (0.0) 2 (2.4) 2 (1.5) 0.284 

Vancomycin 4 (8.3) 8 (9.4) 12 (9) 0.835 

Any β-lactams 36 (75.0) 55 (64.7) 91 (68.4) 0.220 

Amoxicillin/clavulanic acid 5 (10.4) 4 (4.7) 9 (6.8) 0.208 

Carbapenem 16 (33.3) 26 (30.6) 42 (31.6) 0.744 

Any cephalosporin 20 (41.7) 33 (38.8) 53 (39.8) 0.748 

first-generation 3 (6.3) 5 (5.9) 8 (6.0) 0.932 

third-generation 17 (35.4) 29 (34.1) 46 (34.6) 0.880 

fourth-generation 1 (2.1) 1 (1.2) 2 (1.5) 0.680 

Piperacillin/tazobactam 17 (35.4) 22 (25.9) 39 (29.3) 0.246 

Other β-lactamsc 3 (6.3) 6 (7.1) 9 (6.8) 0.858 

Other antibioticsd 4 (8.3) 4 (4.7) 8 (6.0) 0.398 

     

Lifestyle information 
    

Contact with pets or farm animals in the past 3 months 0.985 

No 21 (95.5) 41 (95.3) 62 (95.4) 

Yes 1 (4.5) 2 (4.7) 3 (4.6) 

     

Contact with infants in the past 3 months 
  

- 

No 23 (100.0) 43 (100.0) 66 (100.0) 

     



 

Characteristics 

C. difficile detected  

N (%) patientsa 
Total pb 

Yes No 

Regular visit to a long-term care facility or hospital in the past 3 months 0.815 

No 14 (30.4) 25 (32.5) 39 (31.7) 

Yes 32 (69.6) 52 (67.5) 84 (68.3)  
   

 

Food allergy 
   

0.604 

No 16 (94.1) 26 (89.7) 42 (91.3) 

Yes 1 (5.9) 3 (10.3) 4 (8.7) 
 

a Percentages are calculated based on the total number of valid responses in each 

patient category. 
b p, p-values were calculated using SPSS Pearson Chi-Square test and the asymptotic 

significance (2-sided) reported.  
c Other β-lactam included two ampicillin and one dicloxacillin for CDI group, and five 

ampicillin/sulbactam and one dicloxacillin for non-CDI group. 
d Other antibiotics included one amphotericin one fosfomycin and two doxycycline for 

CDI group, and one each of amphotericin, clotrimazole, fosfomycin and linezolid for 

non-CDI group.  
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Previous antibiotic exposure was common in both groups and was not significantly 

more common among CDI patients (78.1% vs. 71.3%). CDI patients were most 

commonly exposed to carbapenems (34.4%; 11/32); meropenem (10/11), and 

meropenem and imipenem (1/11), followed by third-generation cephalosporins 

(34.4%; 11/32); ceftriaxone (8/11), ceftriaxone and cefoperazone (2/11), and 

cefotaxime and ceftazidime (1/11), and piperacillin/tazobactam (25.0%; 8/32). Non-

CDI patients were most commonly exposed to third-generation cephalosporin 

(34.7%; 35/101), carbapenem (30.7%; 31/101) and piperacillin/tazobactam (30.7%; 

31/101). CDI patients were more commonly exposed to the following agents than 

non-CDI patients (% differences between two groups are in parentheses, none of 

these differences were statistically significant): metronidazole (10.8%), 

amoxicillin/clavulanic acid (7.5%), colistin (5.4%), co-trimoxazole (4.3%), 

carbapenem (3.7%), fluoroquinolone (2.8%) and first-generation cephalosporin 

(0.3%). Exposure to any β-lactam and any cephalosporin antibiotics was also more 

frequent among CDI patients (4.5% and 1.0% higher, respectively, p>0.05 for both). 

Within the 3 months prior to diarrhoea onset, none of the patient had contact with 

infants. Food allergy and contact with animals were uncommon in both groups. 

Regularly visits to a long-term care facility (LTCF) or hospital were more common 

among CDI patients (76.7% vs. 65.6%), however, these differences were not 

statistically significant.  

Data regarding medical management and outcome of CDI were available for 62.5% 

(20/32) of CDI cases. Of these, 12 (60.0%) patients had PMC, and were treated with 

either metronidazole (11/12) or metronidazole/vancomycin (1/12). The remainder 

(40.0%; 8/20) did not have PMC and were treated with metronidazole (4/8) or 

metronidazole/vancomycin (2/8). Two patients received no specific treatment. None 

of the patients received surgical treatment for CDI and none were admitted to ICU. 

Diarrhoeal symptoms resolved following treatment in all patients except four who 

died (mortality rate 3.0%; 4/133).  

Among those patients who died, PMC was not reported. Three of these patients were 

treated with metronidazole and one received no specific treatment. The latter patient 

carried the only CDT+ strain isolated from Thai patients in this study (RT QX538, 

A+B+CDT+), while the former carried RTs 014/020 group, QX102 and QX032. RT 
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QX538 was susceptible to all antibiotics tested except for moxifloxacin (MIC 16 

mg/L). The average age of CDI patients who died were not significantly higher than 

CDI patients who survived (74.8 vs. 67.0 years). Two patients who died were 

culture-positive ≤48 h post-admission and were classified as CA-CDI cases (RTs 

014/020 group and QX102). Additionally, three other CA-CDI cases were observed 

(RTs 017, QX007 and QX102), making the overall prevalence of CA-CDI 15.6% 

(5/32). The remaining cases were HA-CDI (84.4%; 27/32).  

Of note, one episode of recurrent CDI was observed in a 51-years-old female cancer 

patient who received no specific treatment for her diarrhoea. The initial diarrhoeal 

episode resolved with no complications. She was re-admitted 2 weeks later, treated 

for another infection with intravenous ceftriaxone and developed a recurrent 

infection with RT 014/020 group (initially infected with RT QX032). Data regarding 

the treatment of her recurrent infection was not available. 

Among non-CDI (culture-negative) patients, two had PMC and were treated with 

either metronidazole (1/2) or metronidazole/vancomycin (1/2). The patients 

recovered without complication.  

Among 32 CDI cases analysed, patients were infected with RTs 017 (n=6), 014/020 

group (5), QX001 (3), QX102 (3), 001 (2) and 046 (2), and one each of 002, 053, 

103, QX002, QX005, QX007, QX032, QX076, QX158, QX161 and QX538.  

4.3.5.2 Comparison of C. difficile-positive patients with C. difficile-negative 

patients 

None of the differences between C. difficile-positive and C. difficile-negative patients 

were statistically significant. 

Of the 133 patients from whom clinical data were available, 48 (36.1%) and 85 

(63.9%) patients were culture positive and negative for C. difficile, respectively 

(Table 4.8). The majority of patients in both groups were female (63.8% vs. 58.3%). 

Culture-positive patients were not significantly older (median age 73.9 vs. 69.6 years) 

although relatively larger proportion aged ≥65 years old (68.8%; 33/48 vs. 57.8%; 

48/83). Most patients in both groups had ≥3 episodes of diarrhoea the preceding 24 h 

(100.0% vs. 97.5%). Similar proportions of patients in each group had used laxatives 

within 48 h of stool collection (23.4% vs. 23.5%) and were residing at home prior to 

admission (95.7% vs. 97.5%). Relatively more culture-positive patients resided in an 
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acute care facility prior to admission (4.3% vs. 2.5%). A history of hospitalisation 

was not significantly more common among culture-positive patients (59.6% vs. 

45.7%). 

A history of mechanical ventilation was not significantly more common among 

C. difficile-negative patients (19.1% vs. 25.6%). Both groups were similar in regards 

to history of surgery (18.8% vs. 17.5%), the prevalence of underlying GI disease 

(25.0% vs. 27.0%), the main surgery types (GI and orthopaedic surgeries) and the 

major co-morbidities (diseases of the ear and mastoid process, endocrine, nutritional 

and metabolic diseases, and malignancies). 

Previous antibiotic exposure was common among both groups (79.2% vs. 69.4%). 

Piperacillin/tazobactam, third-generation cephalosporin and carbapenem were most 

frequently prescribed in both groups. Culture-positive patients were more commonly 

exposed to the following agents than culture-negative patients (% difference between 

two groups are in parentheses, none of these differences were statistically significant): 

piperacillin/tazobactam (9.5%), metronidazole (6.3%), amoxicillin/clavulanic acid 

(5.7%), colistin (4.8%), carbapenem (2.7%), co-trimoxazole (1.8%), and third- 

(1.3%), fourth- (0.9%) and first-generation cephalosporin (0.4%). Exposure to any β-

lactam and any cephalosporin antibiotics were also more frequent among culture-

positive patients (10.3% and 2.8% higher, respectively, p>0.05). 

Within the 3 months prior to diarrhoea onset, none of the patients had contact with 

infants. Food allergy and contact with animals were uncommon in both groups. 

Regular visits to LTCF or hospital was common in both groups (69.6% vs. 67.5%).  

4.4 Discussion 

A major risk factor associated with CDI is prior exposure to antimicrobials124. Given 

the healthcare system in Thailand that allows pharmacists to dispense oral antibiotics 

without prescription, and patients to self-medicate, antimicrobial misuse is 

prevalent251,252,339. Apart from encouraging the development of AMR bacteria, this 

practice leads to increased risk for CDI124. To assess the prevalence, molecular 

epidemiology and antimicrobial susceptibility of C. difficile strains circulating in 

Thailand, and to describe the clinical characteristics, treatment and risk factors 

associated with CDI in this country, CDI at Siriraj Hospital in Bangkok was 

investigated. 
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4.4.1 Prevalence of C. difficile in Thailand 

To determine the prevalence of C. difficile, toxigenic culture was performed on 783 

diarrhoeal stool specimens obtained from adult patients admitted at Siriraj Hospital. 

C. difficile was isolated from 26.1% of specimens, however, the prevalence of 

toxigenic strains was ca. half this figure (13.3%). Previous studies have reported the 

prevalence of CDI in Thailand to range between 4.8% and 52.2%, depending on the 

study protocol and population investigated273. Since 2000, two studies have 

investigated the prevalence of CDI among patients at Siriraj Hospital using a culture 

based technique to isolate C. difficile and an in-house PCR to detect the presence of 

toxin gene(s). In 2001, Wongwanich et al. reported the prevalence of C. difficile 

among adult patients to be 25.0% (33/132) and that of toxigenic strains to be 13.6% 

(18/132)263. Although this result is remarkably similar to that observed in the current 

study, the high prevalence of A−B+ RT 017 C. difficile in Asia makes it likely that 

the true prevalence of toxigenic C. difficile at the time could have been higher, 

considering that the authors only looked for tcdA. In 2003, a lower overall prevalence 

of C. difficile was reported among patients admitted at Siriraj Hospital (18.6%; 

107/574). The prevalence of toxigenic C. difficile was 9.1% (52/574), all of which 

were positive for tcdA and tcdB264. The prevalence in the latter publication appeared 

lower than that seen in the current study and could indicate changes in the 

epidemiology of CDI in Thailand during the past decade. 

The laboratory detection methods used and the characteristics of the cohort under 

investigation impact on the outcomes of any prevalence study. Compared to other 

publications in the Asian region that involved direct stool culture and toxin gene 

detection by a PCR-base technique, the prevalence of toxigenic C. difficile in 

Thailand (13.3%) appeared to be lower than that reported in 2015 for China (19.2%, 

80/416)340, and higher than that reported in 2015 for India (10.9%, 121/1110)341. 

These figures are all higher than those reported in 2015 for Spain (6.0%, 

108/1800)342 and Australia (6.4% to 7.2%)146,343. Many studies conducted in Asia 

have investigated the prevalence of toxigenic C. difficile using direct detection of 

preformed toxins in stool. In 2014, a prevalence of toxigenic C. difficile lower than 

that of the current study was reported in Singapore (9.6%; 158/1642). That study 

used EIA (QCC, TechLab) to detect GDH and toxins A/B in stool specimens, and the 

PCR-based Xpert C. difficile (Cepheid) to detect tcdB344. Based on the existing data, 
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the prevalence of CDI in Asia ranges between ca. 9.0% and 20.0% and appears to be 

lower among developed countries. 

A high prevalence of A−B+ (RT 017) strains was noted in the current study (10.6%), 

in contrast to the report by Wongwanich et al. for the same hospital in 2003264. To 

detect the presence of tcdA, the authors used only the primer sequences which target 

the non-repeating region of tcdA (NK2 and NK3) as described by Kato et al.162. 

Some strains of C. difficile, including RT 017, possess a deletion in the repeating 

region of tcdA, rendering the toxin non-functional. To detect the deletion, an 

additional primer pair (NK9 and NK11) is required, and failure to use these could 

explain the low numbers of A−B+ strains in their report162,264. 

Interestingly, over half (50.9%) the C. difficile observed in this study was 

A−B−CDT−. This equates to an overall prevalence of 12.8%. Previous studies from 

Thailand have reported the prevalence of non-toxigenic strains to be 9.6% 

(55/574)264. Studies conducted in China and India reported the prevalence of non-

toxigenic isolates to be 7.7% (32/416) and 4.8% (53/1110), respectively340,341. There 

are some evidence suggesting an association between asymptomatic carriage of 

C. difficile (either toxigenic or non-toxigenic), and a subsequent systemic anamnestic 

response of serum IgG antibody against toxin A leading to a reduced risk of 

developing CDI345. Furthermore, a phase 2 trial have found administration of spores 

of non-toxigenic C. difficile strain M3 (VP 20621) at dose of 107 spores/day for 7 

days to significantly reduce recurrence rates (5%; 2/43 vs. 30%; 13/43 in placebo 

group, OR 0.1, 95% CI 0.0-0.6, p=0.01)346. CDI in Thailand exhibited lower 

morbidity and mortality compared to that observed in Europe and America271. This 

may be attributable to the absence of hypervirulent RT 027 and 078 strains, however, 

the high rates of colonisation with non-toxigenic C. difficile may play a protective 

role against CDI in this region. 

Among the specimens investigated, 14.4% (113/783) were stools submitted for non-

C. difficile-related tests. The prevalence of toxigenic strains among this population 

was 8.0% (9/113, cf. 14.2%; 95/670 among stools submitted by physicians for 

C. difficile testing). Although these may represent missed cases of CDI, it is possible 

that C. difficile testing was not requested due to the lack of clinical suspicion or 

appropriate risk factors. This could not be confirmed as no clinical data was collected 
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for these patients. Furthermore, recent findings suggested that asymptomatic carriage 

of toxigenic C. difficile occurs more commonly than previously thought (in 7-15% of 

healthy adults)37. Further investigation is required to better interpret the significance 

of such ‘missed cases’ and asymptomatic carriage in general. It is possible the 

increase in asymptomatic carriage is a reflection of exposure to greater amounts of 

C. difficile in the environment. 

4.4.2 Performance of routine diagnostic test in Thai Hospital 

The accuracy of C. difficile testing in Siriraj Hospital was evaluated. Currently, the 

assay used in the routine diagnosis of C. difficile disease is the BD MAX Cdiff assay. 

The sensitivity, specificity, PPV and NPV of this test, in their hand, were 77.8%, 

94.3%, 68.5% and 96.4%, respectively, compared to direct toxigenic culture, and 

were 80.0%, 96.8%, 82.6% and 96.2%, respectively, compared to enrichment 

toxigenic culture. The values appeared inferior to the previously reported sensitivity, 

specificity, PPV and NPV figures for BD MAX (94.0-97.7%, 97.9-99.7%, 87.5-

97.7% and 98.9-99.7%, respectively)146.  

Considering the high prevalence of self-medication, it is possible that patients may 

have been exposed to antimicrobials, prior to the stool collection. In such scenarios, 

BD MAX may have detected the presence of tcdB released by the dead C. difficile, 

leading to a relatively higher number of FPs. Additionally, a sample may contain 

both toxigenic and non-toxigenic C. difficile strains, only one of which was isolated 

during toxigenic culture. To mitigate this possibility, the FP specimens were re-

cultured on ChromID agar. Depending on the growth on the agar, between five and 

10 colonies from each plate were further investigated for the presence of toxigenic 

C. difficile. Six additional toxigenic C. difficile from five specimens were recovered 

through this means. These were categorised as TPs during the analysis.  

A possible explanation of false negativity might be an alteration in the tcdB sequence, 

rendering it unrecognisable by BD MAX Cdiff. However, this was not the case as 

isolates from all FN samples signalled positive on re-testing on the BD MAX assay. 

FNs may have occurred due to a low bacterial load in the stool specimens.  

4.4.3 Molecular epidemiology of C. difficile in Thailand 

The nine most prevalent RTs were 014/020 group (15.7%), 017 (10.6%), 010 

(10.2%), QX001 (5.6%), 039 (5.1%), 009 (4.6%), QX002 (3.2%), QX178 (3.2%) 
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and 046 (2.8%). An earlier study investigating the molecular epidemiology of 

C. difficile collected between 2006 and 2008 from inpatients at Siriraj Hospital also 

reported RTs 017 (41.5%), 014/020 group (20.7%) and 046 (11.3%) among the top 

RTs271. RT 046 was also found at similar prevalence (to the current study, 2.8%) in 

Europe (1.7-2.1%)9,347 and North America (2.4%; 12/508)348. Additionally, RT 

014/020 group was reported to be highly prevalent among humans in Australia343, 

Korea349, Europe9,342 and North America348. The second most common RT 017 is 

highly prevalent in Asian countries, including China, Japan, Korea and Taiwan108, 

and has caused significant epidemics in The Netherlands and Ireland239. Infection 

with RT 017 was reported to be a significant predictor of recurrent CDI350. In 

contrast to the epidemic strains RTs 027 and 078, RT 017 neither produces CDT nor 

has any mutation in tcdC351, and increased virulence seems an unlikely explanation 

for its success. This study demonstrated RT 017 to be resistant to multiple antibiotics. 

Given that India and China are the world’s top consumers of antibiotics, and Hong 

Kong, Malaysia, Singapore and South Korea are among the top consumers of 

antibiotics per person352, dominance by antibiotic resistance likely explains the high 

prevalence of RT 017 in Asia.  

Typing data on non-toxigenic C. difficile are scarce world-wide. This is particularly 

true in Asia. Hawkey et al. identified two isolates of RT 009 from 21 culture-positive 

specimens collected from patients in China353. The lack of reporting has likely 

stemmed from the fact that most molecular studies conducted in Asia focused on 

characterisation of toxigenic strains108. As such, the prevalence and molecular 

characteristics of non-toxigenic strains such as RTs 009, 010 and 039 observed in 

this study, have gone undocumented.  

In addition to the top nine RTs, 54 other RTs were observed, the majority of which 

were novel and did not match the PCR ribotyping patterns available in the reference 

library. Such a high heterogeneity observed could suggest unique and widely 

distributed reservoirs of infection in Thailand. Furthermore, the low prevalence of 

CDT producers, the lack of hypervirulent RTs 027 and 078, and the high prevalence 

of non-toxigenic strains imply that the mix of C. difficile strains circulating in 

Thailand is different to other parts of the world.  
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4.4.4 Antimicrobial susceptibility of C. difficile isolates 

To investigate contemporary trends in the antimicrobial susceptibility of Thai 

C. difficile, 216 recent isolates were tested against nine antimicrobials.  

Reduced susceptibility to metronidazole (MIC >2 mg/L) was not recorded, and the 

highest MIC/MIC50/MIC90 values (0.5/0.25/0.25 mg/L, respectively) were slightly 

higher than those reported for Thailand in 2015 (0.5/0.064/0.125 mg/L, 

respectively)271. The lack of resistance against metronidazole is consistent with 

studies conducted in Australia (MIC range 0.12-1 mg/L; n=440354) and North 

America348, although reduced susceptibility was documented in other North 

American and European studies355. A recent study from Taiwan also reported 

reduced susceptibility to metronidazole (MIC range of ≤0.03–4 mg/L), however, 

growth of 90% (363/403) of isolates was inhibited at 0.5 mg/L356. Metronidazole 

MICs of ≥4 mg/L were also observed in 5.3% (7/131) of C. difficile isolated in 

Korea231. 

The MIC50/MIC90 values for vancomycin (1/2 mg/L) were identical to those reported 

in Thailand by Wongwanich et al.260. Given their MIC range (0.5-3 mg/L) and the 

ECOFF value for vancomycin (>2 mg/L), the authors also observed isolates with 

reduced susceptibility260. In the current study, elevated vancomycin MICs (4 mg/L) 

were seen in three isolates, including RTs 046 (n=2) and 053 (1). A study conducted 

in North America reported a decrease in vancomycin susceptibility (MICs of 4 mg/L) 

in 13.2% (40/302) of isolates, including 39.1% (34/87) of RT 027 and 14.3% (1/7) of 

RT 053 strains tested. None of the isolates carried vanA or vanB genes348. Reduced 

susceptibility (MIC 4 mg/L) and resistance (MIC >8 mg/L) to vancomycin was also 

observed in 2.3% (21/918) and 0.87% (8/918) of the European isolates, 

respectively347. Vancomycin MICs of 4 mg/L were reported in other studies in North 

America and Europe355, Taiwan (0.5%; 2/403)356 and Korea (3.1%; 4/131)231. With 

the appearance of C. difficile with reduced vancomycin susceptibility, the 

‘vancomycin MIC creep’ observed among methicillin-resistant S. aureus and the 

global dissemination of vancomycin resistant enterococci357, appropriate and 

controlled use of this antimicrobial is increasingly important. However, with regards 

to CDI, the significance of such increases is doubtful given the high faecal levels of 

vancomycin achieved (>2000 mg/L) with the standard treatment regime (125 mg 

orally four times daily)355.  
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Fidaxomicin is a RNA polymerase-inhibiting macrocyclic compound, produced by a 

soil actinomycete, Dactylosorangium aurantiacum358. The drug appears suitable for 

treatment of CDI due to its minimal systemic absorption, leading to a high faecal 

concentration (>10,000-fold the MIC90 of C. difficile). Its narrow spectrum of 

activity (lack of activity against gram-negative bacteria) also assists in the 

preservation of the intestinal flora359,360. In addition, a prospective, multi-centre, 

double-blind, randomised, parallel-group trial reported significantly fewer 

recurrences among patients treated with fidaxomicin compared to vancomycin 

(p=0.005)361. In the current study, the in vitro activity of fidaxomicin was superior to 

vancomycin and metronidazole. Using the ECOFF value recommended by the 

European Medicines Agency (MIC of >1 mg/L)288, no resistance was observed. The 

lack of resistance is consistent with previous studies conducted in Europe 

(MIC50/MIC90 0.06/0.25 mg/L; n=918)347, North America and Europe (0.125/0.25 

mg/L; 719)355, Australia (0.03/0.12 mg/L; 440)354 and Taiwan (0.12/0.25 mg/L; 

403)356. A disadvantage of using fidaxomicin in developing countries is the high cost, 

although a European study suggested that by providing this agent to a targeted 

patient population in whom superior outcome has been demonstrated, the cost could 

be indirectly reduced through the shorter period of hospitalisation362. The relevance 

of this in Asia is unclear. 

Rifaximin is a semi-synthetic rifamycin derivative with poor oral bioavailability. It 

inhibits bacterial protein production by binding to the β-subunit of RNA polymerase 

(RpoB)289. The drug, currently approved for treatment of travellers’ diarrhoea and 

hepatic encephalopathy363, is still under evaluation for treatment of CDI. Although 

highly active against the majority of C. difficile tested, some strains had high 

MICs347,355. These observations are consistent with results obtained here, where 

86.1% of the isolates had MICs of ≤0.03 mg/L, while the remainder (13.4%) had 

MICs of ≥128 mg/L. Isolates reported to have high MICs in a previous study 

included RT 027 which harboured a mutation in the rpoB gene289. In our study, RTs 

with high rifaximin MICs (>128 mg/L) included 010 (2/22), 017 (20/23), 046 (2/6), 

053 (1/1), QX002 (3/7) and QX011 (1/3). High rifaximin MICs of RT 046 was also 

documented by Obuch-Woszczatynski et al., who described an outbreak of 

rifampicin resistant RT 046 C. difficile among tuberculosis patients in Poland364. The 

rifaximin MIC50/MIC90 values for RT 017 (A−B+) isolates (>128/>128 mg/L) were 
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higher than those of A−B− and A+B+ isolates (0.015/0.03 and 0.004/0.03 mg/L, 

respectively). This could suggest an alteration in rpoB and warrants further 

investigation.  

Fluoroquinolones have been strongly associated with CDI and linked to the large 

outbreak in Quebec hospitals365. That outbreak was predominated by the epidemic 

strain of RT 027, which carried a mutation in DNA gyrA, conferring resistance to 

fluoroquinolones3. In 2011, a study was conducted in a large tertiary hospital in 

Bangkok to investigate the antimicrobial prescription patterns for adults with acute 

diarrhoea. Overall, inappropriate use of antimicrobials was 48.9%, with 

fluoroquinolones and the third-generation cephalosporins (ceftriaxone) being the top 

agents prescribed252. It is therefore not surprising that resistance to moxifloxacin 

(MIC ≥8 mg/L) was observed in 22.7% of Thai isolates given the rapid rate that 

resistance to quinolones develops following exposure366. In Thailand, 

fluoroquinolone resistance was particularly pronounced among A−B+, RT 017 

isolates (91.3%), compared to A−B− (16.4%) and A+B+ (12.0%) isolates. High 

proportions of fluoroquinolone resistance were also observed in Taiwan (17.9%; 

72/403)356, North America (35.8%; 182/508)348, South Korea (62.6%; 82/131)231, and 

Europe (40.0%; 364/918, moxifloxacin347). In contrast, limited resistance has been 

observed in Australia (3.4%; 15/440354), likely due to Australia’s strict national 

guidelines for quinolones use in human and their prohibition of use in production 

animals367. 

Lincosamides and macrolides are antibiotics that act to inhibit bacterial protein 

synthesis. The most common mechanism of resistance to these classes of antibiotics 

is ribosomal methylation, which is encoded by the erm gene368. In Asia, RT 017 is 

highly prevalent and is known to harbour the ermB gene231. A Korean study reported 

an increase in CDI to significantly correlate with the amount of clindamycin used 

(r=0.783, p=0.013)369. This observation supports the high level of resistance to 

clindamycin (59.7%) and erythromycin (32.9%) observed among Thai isolates, 

particularly in RT 017 (82.6% and 91.3%, respectively). High proportions of 

clindamycin resistance (MIC of ≥8 mg/L) were also observed in Europe (50%; 

455/917347) and North America (36.8%; 187/508348).  
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In this study, the prevalence of MDR, as defined by resistance to ≥3 antimicrobials 

tested was 22.7%, with RT 017 and 046 being resistant to four antimicrobials 

(clindamycin, erythromycin, moxifloxacin, and rifaximin for RT 017 or vancomycin 

for RT 046). Multiple resistance among these two RTs was also reported in a North 

American study that tested 508 C. difficile against six antimicrobials (metronidazole, 

vancomycin, rifampin, clindamycin, moxifloxacin and tetracycline)348.  

4.4.5 Clinical characteristics of CDI patients in Thailand 

4.4.5.1 Age 

In the current study, age of the patient was not significantly associated with CDI 

status, however, a larger proportion of CDI than non-CDI patients was aged ≥65 

years old (68.8% vs. 58.4%). This is consistent with the current literature where older 

individuals are more susceptible to CDI due to factors including higher frequency of 

healthcare contact and antimicrobial treatment, and age-dependant changes in gut 

microbiome122,370,371. When compared to C. difficile-negative patients (median age 

69.6 years), those colonised (carrier of non-toxigenic strains) or infected (carrier of 

toxigenic strains) were relatively older (median age 73.9 years), although the 

difference was not significant. This agrees with previous finding that age and the 

likelihood of becoming C. difficile culture positive are positively correlated (OR 1.04, 

95% CI 1.001-1.07 per year)372. 

4.4.5.2 Recent hospitalisation 

Recent hospitalisation is one of the well-recognised risk factors for CDI373. CDI 

status in this study was significantly associated with recent hospitalisation (p=0.019) 

and 84.4% of the CDI cases developed diarrhoea >48 h after admission, indicating a 

nosocomial origin. Furthermore, higher proportion of culture-positive patients was 

recently hospitalised compared to culture-negative patients (59.6% vs. 45.7%, 

p>0.05). C. difficile spores are resistant to non-chlorine-based cleaning agents 

commonly used in hospitals20, and hospital surfaces can be contaminated with 

C. difficile spores19,25-28. Exposure to the healthcare environment increases risk of 

spore ingestion, which likely leads to higher frequency of colonisation/infection 

observed. 
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4.4.5.3 Recent antimicrobial exposure 

Antimicrobial use alters the normal intestinal microflora and is a major risk factor for 

CDI125. In the current study, antibiotic exposure was common among all patient 

groups and was not associated with CDI status, however, exposure was more 

common among CDI than non-CDI patients (78.1% vs. 71.3%). Previous studies 

have found a significant increase in C. difficile carriage following antibiotic use (OR 

4.2, 95% CI 3.1-5.9)124. This is consistent with the higher frequency of antibiotic 

exposure among culture-positive patients in our study (79.2% vs. 69.4%, p>0.05). 

Although no statistical significant difference was observed, CDI patients were 

exposed to some antibiotics more frequently than non-CDI patients. These include 

metronidazole, amoxicillin/clavulanic acid, colistin, co-trimoxazole 

(trimethoprim/sulfamethoxazole), carbapenem, fluoroquinolone and first-generation 

cephalosporin. A recent study from Thailand also reported higher exposure to 

carbapenems and cephalosporins among CDI patients than non-CDI controls254. 

Additionally, meta-analysis studies reported significant associations between HA-

CDI and third-generation cephalosporins (OR 3.20, 95% CI 1.80-5.71), clindamycin 

(2.86, 2.04-4.02) carbapenems (1.84, 1.26-2.68), trimethoprim/sulphonamide (1.78, 

1.04–3.05), fluoroquinolones (1.66, 1.17-2.35), penicillin combinations such as 

piperacillin/tazobactam (1.54, 1.05-2.02), and first-generation cephalosporins (1.36, 

0.92-2.00)125,374. Considering the high levels of third-generation cephalosporins, 

carbapenems and piperacillin/tazobactam prescribed in this study (34.6%, 31.6% and 

29.3%, respectively), and in previous studies conducted in Thai hospitals375, the risk 

of CDI is high among patients in Thailand. 

4.4.5.4 Co-morbidity 

The frequency of diseases of the musculoskeletal system and connective tissue is 

significantly less common among CDI patients (21.9% vs. 44.6%, p=0.022). The 

reason is unclear. Perhaps, due to the non-infectious nature of the disease, patients 

suffering from muscle and joint disorders may be exposed to antibiotic less 

frequently or they may be admitted to a different hospital ward from patients 

suffering from infectious diarrhoea, thus lowering the risk of CDI. However, there 

were only seven CDI patients with muscle and joint disease and the observed 

difference could be due to small number of CDI cases studied. 
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There were no other co-morbidities that were significantly associated with CDI in 

this study, however, relatively more CDI patients suffered from cancer (65.6% vs. 

58.4%). Malignancy was the second most common co-morbidity among patients in 

this study (60.2%) and the most common in previous studies conducted in Thailand 

(97.7%254 and 51.8%265). Although the pathogenesis is less clear compared to 

exposure to antibiotic, the use of anti-neoplastic agent is an independent risk factor 

for CDI266,376. Given that chemotherapeutic agents have been shown to be a risk 

factor for CDI among Thai patients, physicians should be mindful of this infection, 

even in the absence of other risk factors258,266,273.  

4.4.5.5 Clinical characteristics, treatment and outcomes of CDI 

The majority (75.0%; 15/20) of CDI patients were treated with metronidazole. The 

success rate of 80.0% (12/15) was comparable to that previously observed at the 

same hospital (83.9%)271. Among 20 patients whose CDI clinical outcomes were 

available, 12 (60.0%) reported PMC, all of whom recovered following the standard 

treatment regime. None of the patient was admitted to ICU and none received 

surgical treatment for CDI. The observed mortality rate was low (3.0%) and 

resembled that seen previously at the same hospital (3.2%; 2/62)266. Consistent with 

previous data, CDI in Thailand appeared to exhibit lower morbidity and mortality 

compared to that observed in North America or Europe (mortality 9-

43%)221,266,271,371,377. As previously suggested, this could be attributable to the high 

prevalence of non-toxigenic isolates, the low prevalence of CDT producers in 

general or the absence of hypervirulent RTs 027 and 078. 

Notably, one of the four deaths occurred in patient infected with a moxifloxacin 

resistant CDT+ strain (RT QX538, A+B+CDT+). Although the role of CDT is still 

being investigated, infection with CDT producers have been associated with a higher 

case-fatality rate112. CDI patients who died were relatively older than CDI patients 

who survived (average age 74.8 vs. 67.0 years, p>0.05). This is consistent with the 

higher attributable mortality among older individuals seen in previous studies378. 

Two culture-negative patients had PMC and were treated with either metronidazole, 

or metronidazole and vancomycin. The symptoms resolved with no complications. 

Examination of the C. difficile laboratory test performed in Thailand shown one 

patient to be positive for BD MAX Cdiff assay, while another patient tested negative. 
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Clinical records of the latter patient shown recent use of a third-generation 

cephalosporin and metronidazole in association with a surgical procedure 

(percutaneous nephrolithotomy). C. difficile is highly susceptible to metronidazole 

and this could explain the observed negative BD MAX and culture results, despite 

the presence of PMC. This observation emphasises the importance of combining 

clinical and laboratory findings in diagnosis of CDI. 

There was a single recurrent case following exposure to a third-generation 

cephalosporin. The patient was initially infected with RT QX032 but received no 

treatment for her diarrhoea which resolved without complication. She was later re-

admitted to the hospital and treated with ceftriaxone for a non-C. difficile-related 

infection. She then developed diarrhoea and tested positive for RT 014/020 group. 

Examination of antibiotic susceptibility data showed RT QX032 to be susceptible to 

all nine antibiotics tested, however, her RT 014/020 strain was resistant to 

moxifloxacin (MIC 16 mg/L). Exposure to third-generation cephalosporin was 

previously shown to be strongly associated with HA-CDI (OR 3.20, 95% CI 1.80-

5.71), which is confirmed by this observation125. 

4.4.5.6 Lifestyle factor 

Given the rise of CA-CDI and the wide spread presence of C. difficile in the 

community, lifestyle-related questions were asked to investigate possible reservoirs 

of infection. Patients were asked whether they have had recent contact with animals 

or infants, regularly visited a LTCF or hospital, and if they had any food allergy. No 

significant association with CDI was found for any factor. None of the responding 

participants had contact with infant (49.6% valid responses), only three patients had 

contact with animals (48.9% valid response) and four had a food allergy (34.6% 

valid responses). It is noteworthy that only five CDI cases developed diarrhoea ≤48 h 

after admission and were classified as a case originating in the community. Thus, the 

limited number of CA-CDI cases or the low response rate could explain the observed 

results. The presence of multiple resistant RTs 014/020 group and 017 strains among 

CA-CDI cases suggested a possible reservoir of these strains in the community. 

Although not statistically significant, regular visits to a LTCF/hospital were 

relatively more common among CDI than non-CDI cases (76.7% vs. 65.6%), and 

among culture-positive than culture-negative patients (69.6% vs. 67.5%). Once again, 
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this likely relates to increased exposure to C. difficile contamination in the healthcare 

environment.  

4.4.6 Strengths and limitations of this study 

This study provided an accurate estimate of the prevalence of C. difficile in 

diarrhoeal patients in Thailand. It used ChromID agar, which has been shown to be 

superior to traditional CCFA for isolation of C. difficile283. It is also the first 

prevalence study conducted in Thailand to produce internationally recognised 

C. difficile typing data. Importantly, this included typing of non-toxigenic strains, 

which is rarely performed in Asian studies leading to a paucity of data. This study 

also provided toxin profile data which will be useful in determining the right 

diagnostic tool. Lastly, this study performed antibiotic susceptibility testing on a 

large number of isolates. The results can be used by physicians in designing 

treatment protocols and to enhance their ability to practice antibiotic stewardship. 

A limitation of this study is that it was performed in a single institution (Siriraj 

Hospital). This institution is also where most of the previous C. difficile 

investigations were conducted. To gain a complete insight into the epidemiology of 

C. difficile in Thailand, multi-institutional studies are required. Furthermore, given 

that Siriraj is the largest (2,300-bed capacity) and most medically advanced tertiary 

public hospital in Thailand, a large proportion of inpatients are severely ill, shown by 

the high proportion of co-morbidities (e.g. malignancies) observed. The results in 

this study may not be applicable to the Thai population in general. Another limitation 

was the small number of CDI patients for whom clinical data were available, which 

hindered the identification of risk factors and the description of disease presentation. 

4.4.7 Implications and recommendations for future studies 

Contrary to the widespread belief of many Thai physicians, this study showed that 

CDI is common among Thai hospitalised adults. Doctors should be vigilant for the 

disease, especially in high risk population (e.g. elderly, cancer patients and patients 

treated with antibiotics especially third-generation cephalosporins). The routine 

diagnostic test (BD MAX Cdiff) currently used at Siriraj Hospital appeared to 

perform at inferior efficiency compared to previously published results for the same 

commercial assay. In order to improve patient care and limit C. difficile transmission, 

this issue must be addressed e.g. by enhancing staff training, ensuring proper and 
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timely specimen collection and transportation, and regularly performing quality 

control testing and servicing of the BD MAX platform. 

C. difficile in Thailand is characterised by a high prevalence of MDR AB+ RT 017 

strains. Suitable diagnostic tests should always involve detection of toxin B. High 

prevalence of resistance to lincosamide, macrolide, cephalosporin and quinolone 

antibiotics emphasised the importance of antibiotic stewardship in limiting 

C. difficile transmission. Currently, the recommended diagnostic test for CDI is a 

two-step method involving initial screening of specimens with GDH EIA to lower 

the number of specimens requiring a second (often more costly/lengthy) 

confirmatory toxin detecting test143. Given the high prevalence of non-toxigenic 

strains in Thailand, this algorithm may not be as cost effective as previously 

described187. 

To further elucidate the source and transmission route of C. difficile, future studies 

should investigate the presence of C. difficile in multiple hospitals and among more 

diverse populations e.g. elderly in the LTCF, children attending childcare/school, 

healthy adults and hospital personnel. Continued surveillance is essential in early 

identification and monitoring of outbreaks. Additionally, future studies could include 

a higher resolution typing method e.g. WGS that will allow us to better understand 

the relationship between cases occurring in the same hospital/region.  
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Chapter 5 C. difficile in food animals and environment in 

Thailand 

5.1 Introduction 

Previously regarded as a nosocomial infection, in recent years, CDI is increasingly 

being diagnosed in the community and among individuals lacking traditional risk 

factors14. A large body of research is now dedicated to elucidating possible reservoirs 

of infection outside the hospital system15,51. So far, there are some convincing 

evidence which suggests that CDI is a zoonotic disease. RT 078, which was highly 

prevalent among neonatal pigs (83% in North America8 and 12-33% in Asia242-244), 

was the third most common RT (8%; 31/389) among human patients in Europe9. 

Furthermore, WGS analysis shown human and pig strains of C. difficile RT 078 to be 

genetically identical12. The widespread presence of C. difficile in domestic, zoo, wild 

and food animals could play a significant role in the transmission events in the 

community15. Presence of C. difficile in food animals raised concerns of food 

contamination. Indeed, C. difficile is widely present in retail food15. C. difficile is 

also abundant in community and natural environments15,81,82. The recovery of 

toxigenic C. difficile RTs known to cause human disease from these sources led 

many to hypothesise that the increasing incidence of CA-CDI was driven by 

exposures to contaminated food and the environment. To fully understand the 

epidemiology of CDI, surveillance of C. difficile in animals, food and the 

environment, and typing of C. difficile isolates are essential. To date, the majority of 

investigations have been conducted in North America, Europe and Australia, and 

very little is known about CDI in general in Asia. A negligible number of studies 

have investigated C. difficile in food animals in Asia and no work has been done in 

Thailand.  

5.1.1 Antibiotic usage in Thai livestock 

As with humans, antimicrobial exposure is the major risk factor for CDI in 

animals379. In Thailand, there appears to be widespread use of antimicrobials in both 

the livestock and aquaculture sectors. Animal drugs manufactured in Thailand rose 

almost 4-fold between 1996 and 2005380. Reports from the Thai Drug Control 

Division indicated that tetracyclines, macrolides, trimethoprim, aminoglycosides and 

penicillins were the most used drugs in food animals381. Despite efforts by the 

Department of Livestock Development and Ministry of Agriculture and Cooperatives 
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to control and monitor antibiotic usage, inappropriate use of antibiotics by small to 

medium scale farmers remains common382. This is partly due to the limited financial 

resources available to the farmers, which leads them to access cheap and often 

inappropriate antimicrobials. Due to under-reporting of use, data regarding 

antimicrobial usage may be an under-representation of the true prevalence382. 

In Songkhla, Thailand, a study was conducted among 101 broiler farms (700-18,000 

broilers/farm) with the aim of documenting the pattern and determinants of 

antimicrobial usage381. Researchers found that antimicrobials were used by all farms 

for prophylactic purposes. The drugs most commonly used were enrofloxacin, 

amoxicillin, doxycycline, colistin and roxithromycin. The combination of amoxicillin 

and enrofloxacin was most frequently used. Ninety-five percent of small-scale farms 

were controlled by a few large enterprises and their choice of antimicrobial depended 

on their employer or the contracting body381. In dairy farms, cloxacillin appeared to 

be the most used antimicrobial, comprising >80% of the intra-mammary drugs being 

sold in northern Thailand. Other antimicrobials used to treat GI illnesses in cattle 

includes sulfa-trimethroprim, tetracycline and gentamicin380. 

Antimicrobials were also used extensively in aquaculture industry. A survey to 

determine the use of chemical and biological products in 76 shrimp farms from three 

major farming areas in Thailand reported the use of at least one antimicrobial by 

74% of the farmers383. The drugs were often incorporated into the feed, and were 

used for prophylactic and therapeutic purposes (e.g. against Vibrio infection). The 

classes of antimicrobial most frequently used included fluoroquinolones (e.g. 

norfloxacin, enrofloxacin), tetracyclines (e.g. oxytetracycline) and sulfonamides. The 

use of chloramphenicol in animal feed is prohibited in Thailand. As there is no 

legislation on the use of antimicrobials in aquaculture, a Code of Conduct containing 

recommendations and guidelines for shrimp farming was developed by the 

Department of Fishery and Thai Marine Farmers Association. Very few farmers 

included in the study knew of its existence383. These findings strongly suggest that 

more educational programs must be carried out, together with the implementation of 

such guidelines, in order for any changes to be realised. 
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5.1.2 Thai swine industry in relation to C. difficile 

Prior to 1960, the swine industry in Thailand consisted mainly of small-scale farmers. 

The four main native breeds, often raised in backyards, include Kwai, Raad, Phung 

and Hainan384. Although native breeds are more resilient and well adapted to the hot 

and humid climate in Thailand, they grow slowly (ca. 180-350 g/day), have low 

reproductive rate (ca. 6-8 pigs/litter), and produce low protein and high fat content 

meat384,385. In the 1960s, the Department of Livestock Development imported exotic 

breeds from UK (Large Whites, Tamworth and Berkshire) and USA (Landrace and 

Duroc Jersey). These breeds were cross-bred with the native pigs to produce 

offspring with desirable qualities386. Since the 1980s, armed with a genetically 

improved breed, intensive swine operations in Thailand (>1000 sows and/or 

finishing pigs) have increased in number384.  

In 2013, the estimated standing population of pigs in Thailand was 9.51 million from 

210,978 households387. Only 0.1% of the households contained >5,000 pigs and the 

majority (94%) raised <50 pigs. The Thai swine industry is currently dominated by 

two big companies (Charoen Pokphand Foods Public Co., LTD and Betagro Public 

Co., LTD) that own 46% of the breeding pig population. The breeder and boar semen 

being used by these large enterprises was imported from Europe (Denmark, Finland, 

Norway, Republic of Ireland and UK) and North America. Only 6% of the estimated 

standing population was an indigenous breed387. 

As mentioned, C. difficile is an important enteric pathogen of pigs causing diarrhoea 

in piglets142. The C. difficile RT most commonly found among pigs in North America 

and Europe is RT 0788,388,389. In Australia, RT 078 has not been documented among 

pig herds390. Since pigs in commercial farms in Thailand originally came from 

Europe or North America391, C. difficile distribution in commercial herds may be 

similar to that of the origin of the animals.  

Integrated livestock-fish farming systems are commonly used throughout South-East 

Asia, including Thailand. The main feature of these systems is the use of manure 

from livestock, including pigs, chickens and ducks, as fish feed392. Such practices 

have implications for the transmission of animal pathogens, including C. difficile, 

which is transmitted faecal-orally. Although there is a clear trend towards intensive 

farming393, backyard-style free-range farming systems and the livestock-fish 
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integrated farming systems are still prevalent in many parts of Thailand394,395. 

Animals including pigs and manure-fed fish can act as a reservoir of infection for 

C. difficile in the community. 

At present, there is no information regarding the epidemiology of C. difficile in 

animals, food or the environment in Thailand. Given the high level of indiscriminate 

and inappropriate use of antimicrobial in animals in this region, it is highly probable 

that C. difficile is relatively common. Despite this, the level of awareness of 

C. difficile among Thai veterinarians and farmers is extremely low and current 

diagnostic procedures and typing methods are not optimum. To better understand the 

epidemiology of C. difficile in Thai animals and farming environment, the studies 

described below were conducted. The information gained would not only assist 

physicians in patient management and infection control, it may improve livestock 

quality and hence the economic fortunes of farmers as well.  

The studies in this chapter investigated various aspects relating to the epidemiology 

of C. difficile and CDI in piglets and the piggery environment (Section 5.2), and 

describe a pilot investigation of C. difficile in Thai retail seafood (Section 5.3). 

5.2 C. difficile in piglets and piggery environment 

5.2.1 Aims 

This study aimed: 

 To investigate the prevalence of CDI among piglets in Thailand. 

 To investigate C. difficile contamination in the Thai piggery environment. 

 To describe the molecular epidemiology and antimicrobial susceptibility of 

C. difficile isolated from piglets and the piggery environment. 

 To describe factors associated with C. difficile positivity in piglets in Thailand. 

5.2.2 Results 

5.2.2.1 Prevalence and molecular epidemiology  

A total of 165 piglet rectal swabs were collected from five farms located in three 

central provinces of Thailand: Chonburi (E1), Ratchaburi (E2-3) and Nakorn Pathom 

(E4-5). In total, 53 (32.1%) specimens were positive for C. difficile via direct plating 

on ChromID agar and an additional five (3.0%) specimens grew C. difficile only after 

the enrichment procedure (Table 5.1). Thus, the overall prevalence of C. difficile was 



 

Table 5.1 Summary of toxigenic culture results for piglet rectal swab specimens 

by farma. 

Culture 

N (%) specimens 

Farm E1 Farm E2 Farm E3 Farm E4 Farm E5 Total 

+, Direct 6 (20.0) 12 (44.4) 28 (82.4) 1 (3.3) 6 (13.6) 53 (32.1) 

+, Enriched 1 (3.3) 1 (3.7) 0 (0.0) 0 (0.0) 3 (6.8) 5 (3.0) 

− 23 (76.7) 14 (51.9) 6 (17.6) 29 (96.7) 35 (79.5) 107 (64.8) 

Total 30 (18.2) 27 (16.4) 34 (20.6) 30 (18.2) 44 (26.7) 165 

 

a +, positive; −, negative; Direct, isolates that were positive via direct plating method; 

Enriched, isolates that were positive via enrichment culture method.  
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35.2% (58/165). Among farms, the highest prevalence was observed for farm E3 

(82.4%; 28/34), followed by farms E2 (48.1%; 13/27), E1 (23.3%; 7/30), E5 (20.5%; 

9/44) and E4 (3.3%; 1/30). Surprisingly, all 58 C. difficile isolates were non-

toxigenic (ABCDT, Table 5.2) and the majority belonged to a novel RT QX083 

(87.9%; 51/58). The remainder belonged to RTs 010 (8.6%; 5/58), QX553 (1.7%; 

1/58) and QX554 (1.7%; 1/58), all of which were isolated only from specimens 

collected from farm E3 (Table 5.2).  

One soil and one effluent water sample were collected from each farm, except for 

farm E4, where only one soil sample was collected (Table 5.3). All specimens 

(88.9%; 8/9) grew C. difficile, except for a water sample from farm E3. A soil 

specimen from farm E1 contained two isolates, RTs QX083 and QX612. QX083 

(77.8%; 7/9) was the most prevalent RT and all environmental isolates were non-

toxigenic (ABCDT, Table 5.3). The RT banding patterns of C. difficile isolated 

from human, piglets and piggery environment in Thailand are shown in Figure 5.1. 

5.2.2.2 Antimicrobial susceptibility  

Summary MIC data for nine antimicrobials against the 58 C. difficile isolates from 

piglets are shown in Table 5.4, and for the environmental isolates in Table 5.5. None 

of the piglet and environmental isolates showed resistance to fidaxomicin, 

vancomycin, metronidazole, rifaximin, amoxicillin/clavulanate and meropenem. 

Both piglet and environmental isolates showed a high level of resistance to 

clindamycin (98.3% and 100.0%, respectively), erythromycin (75.9% and 66.7%, 

respectively) and moxifloxacin (51.7% and 55.6%, respectively). Ten (17.2%) piglet 

isolates (eight RT QX083 and one each of RTs QX554 and 010) and three (33.3%) 

environmental isolates (two RT QX083 and one RT QX612) showed MDR 

(clindamycin, erythromycin and moxifloxacin). 

5.2.2.3 Descriptive epidemiology  

Epidemiological data were collected for all of the piglets sampled. These included 

data regarding piglet age (Table 5.6) and scouring status (Table 5.7), and sow age 

(Table 5.8) and parity (Table 5.9). Piglet age and scouring status, and sow parity data 

were missing for three specimens (1.8%; 3/165). This included 1.7% (1/58) of the 

culture-positive and 1.9% (2/107) of the culture-negative specimens collected from 

farm E4. Sow age data were missing for 46.7% (77/165) of the specimens. This 



 

Table 5.2 Summary of PCR ribotypes of C. difficile isolated from Thai piglets, by 

farm. 

PCR ribotypea 

N (%) isolates  

Farm E1 Farm E2 Farm E3 Farm E4 Farm E5 Total 

QX083 7 (100.0) 13 (100.0) 21 (75.0) 1 (100.0) 9 (100.0) 51 (87.9) 

010 0 (0.0) 0 (0.0) 5 (17.9) 0 (0.0) 0 (0.0) 5 (8.6) 

QX553 0 (0.0) 0 (0.0) 1 (3.6) 0 (0.0) 0 (0.0) 1 (1.7) 

QX554 0 (0.0) 0 (0.0) 1 (3.6) 0 (0.0) 0 (0.0) 1 (1.7) 

Total 7 (12.1) 13 (22.4) 28 (48.3) 1 (1.7) 9 (15.5) 58 

 

 a All isolates were non-toxigenic. 

  



 

Table 5.3 Summary of toxigenic culture and PCR ribotypes of C. difficile isolated 

from Thai piggery environment, by farma. 

Farm Sample type Culture PCR ribotype 

E1 

soil + QX083 and QX612b 

water + QX083 

E2 

soil + QX083  

water + QX083 

E3 

soil + QX083 

water − − 

E4 soil + QX107 

E5 

soil + QX083 

water + QX083 

 

a +, positive and −, negative by enrichment culture method; all isolates were non-

toxigenic. 
b Soil sample contained two isolates.   



 

 

 

 

 

 

 

 

  

 

 

 

Figure 5.1 PCR ribotyping patterns for C. difficile isolated from humans, piglets and piggery environment in Thailand. Strain origin, prevalence 

and the corresponding toxin gene profile are also provided for each RT. For comparative purposes, epidemic reference RTs 078 and 027 (ref), and 

human RT 010 and QX083 isolates are also added (a). Top scale represents ISR fragments sizes in kb.  

PCR ribotype Origin N (%) Toxin profile 

QX083 Piglet 51 (87.9) ABCDT 

QX083 Piggery (effluent) 7 (77.8) ABCDT 

QX083 Humana 4 (1.9) ABCDT 

QX107 Piggery (soil) 1 (11.1) ABCDT 

QX553 Piglet 1 (1.7) ABCDT 

010 Piglet 5 (8.6) ABCDT 

010 Humana 22 (10.2) ABCDT 

QX554 Piglet 1 (1.7) ABCDT 

QX612 Piggery (soil) 1 (11.1) ABCDT 

027ref Human - A+B+CDT+ 

078ref Human - A+B+CDT+ 
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Table 5.4 Summary MIC data for nine antimicrobials against 58 C. difficile isolated from Thai piglets. 

Agenta 
MIC Range 

(mg/L) 

MIC50 

(mg/L) 

MIC90 

(mg/L) 

Breakpoint287-290  Susceptible  Intermediate  Resistant 

S I R  N %  N %  N % 

FDX 0.03-0.25 0.06 0.12 - - >1  - -  - -  0 0.0 

VAN 1-2 2 2 ≤2 - >2  58 100.0  - -  0 0.0 

MTZ 0.25-0.5 0.25 0.25 ≤2 - >2  58 100.0  - -  0 0.0 

RFX 0.002-0.004 0.004 0.004 - - >32  - -  - -  0 0.0 

CLI 4->32 8 >32 ≤2 4 ≥8  0 0.0  1 1.7  57 98.3 

ERY 1->256 >256 >256 - - >8  - -  - -  44 75.9 

AMC 0.5-0.5 0.5 0.5 ≤4 8 ≥16  58 100.0  0 0.0  0 0.0 

MXF 2-32 32 32 ≤2 4 ≥8  28 48.3  0 0.0  30 51.7 

MEM 2-2 2 2 ≤4 8 ≥16  58 1  0 0.0  0 0.0 

 

aFDX, fidaxomicin; VAN, vancomycin; MTZ, metronidazole; RFX, rifaximin; CLI, clindamycin; ERY, erythromycin; AMC, 

amoxicillin/clavulanate; MXF, moxifloxacin; MEM, meropenem.  



 

Table 5.5 Summary MIC data for nine antimicrobials against nine C. difficile isolated from the piggery environment. 

Agenta 
MIC Range 

(mg/L) 

MIC50 

(mg/L) 

MIC90 

(mg/L) 

Breakpoint287-290  Susceptible  Intermediate  Resistant 

S I R  N %  N %  N % 

FDX 0.06-0.125 0.06 0.125 - - >1  - -  - -  0 0.0 

VAN 1-2 2 2 ≤2 - >2  9 100.0  - -  0 0.0 

MTZ 0.25-0.5 0.25 0.5 ≤2 - >2  9 100.0  - -  0 0.0 

RFX 0.002-0.25 0.004 0.06 - - >32  - -  - -  0 0.0 

CLI 8->32 >32 >32 ≤2 4 ≥8  0 0.0  0 0.0  9 100.0 

ERY 2->256 >256 >256 - - >8  - -  - -  6 66.7 

AMC 0.5-0.5 0.5 0.5 ≤4 8 ≥16  9 100.0  0 0.0  0 0.0 

MXF 2-32 32 32 ≤2 4 ≥8  4 44.4  0 0.0  5 55.6 

MEM 2-2 2 2 ≤4 8 ≥16  9 100.0  0 0.0  0 0.0 

 

aFDX, fidaxomicin; VAN, vancomycin; MTZ, metronidazole; RFX, rifaximin; CLI, clindamycin; ERY, erythromycin; AMC, 

amoxicillin/clavulanate; MXF, moxifloxacin; MEM, meropenem.  



 

Table 5.6 C. difficile culture results by piglet agea. 

Piglet age  

(day) 

N (%) specimensb 

Total 

+ − 

1 0 (0.0) 3 (2.9) 3 (1.9) 

2 0 (0.0) 12 (11.4) 12 (7.4) 

4 2 (3.5) 1 (1) 3 (1.9) 

5 10 (17.5) 0 (0.0) 10 (6.2) 

6 5 (8.8) 6 (5.7) 11 (6.8) 

7 2 (3.5) 1 (1) 3 (1.9) 

8 2 (3.5) 5 (4.8) 7 (4.3) 

9 16 (28.1) 5 (4.8) 21 (13) 

10 3 (5.3) 4 (3.8) 7 (4.3) 

11 11 (19.3) 19 (18.1) 30 (18.5) 

12 4 (7) 5 (4.8) 9 (5.6) 

13 2 (3.5) 11 (10.5) 13 (8) 

14 0 (0.0) 9 (8.6) 9 (5.6) 

16 0 (0.0) 6 (5.7) 6 (3.7) 

17 0 (0.0) 9 (8.6) 9 (5.6) 

21 0 (0.0) 3 (2.9) 3 (1.9) 

22 0 (0.0) 3 (2.9) 3 (1.9) 

23 0 (0.0) 3 (2.9) 3 (1.9) 

Total 57 (35.2) 105 (64.8) 162 

 

a +, culture positive; −, culture negative; piglet age data were missing for one and two 

culture positive and negative specimens, respectively.  
b Percentages are calculated based on the total number of valid response (i.e. 57 and 

105 valid responses among C. difficile positive and negative groups, respectively).   



 

Table 5.7 C. difficile culture results by piglet scouring statusa. 

Scouring status 

N (%) specimensb 

Total 

Culture +  Culture − 

+ 20 (35.1) 52 (49.5) 72 (44.4) 

− 37 (64.9) 53 (50.5) 90 (55.6) 

Total 57 (35.2) 105 (64.8) 162 

 

a +, positive; −, negative; piglet scouring status data were missing for one and two 

culture positive and negative specimens, respectively. 
b Percentages are calculated based on the total number of valid response (i.e. 57 and 

105 valid responses among C. difficile positive and negative groups, respectively). 

  



 

Table 5.8 C. difficile culture results by sow agea. 

Sow age  

(month) 

N (%) specimensb 

Total 

+ − 

12 0 (0.0) 3 (7.3) 3 (3.5) 

14 9 (20.5) 12 (29.3) 21 (24.7) 

15 2 (4.5) 1 (2.4) 3 (3.5) 

17 6 (13.6) 0 (0.0) 6 (7.1) 

18 1 (2.3) 2 (4.9) 3 (3.5) 

23 0 (0.0) 3 (7.3) 3 (3.5) 

24 0 (0.0) 3 (7.3) 3 (3.5) 

26 0 (0.0) 3 (7.3) 3 (3.5) 

28 1 (2.3) 4 (9.8) 5 (5.9) 

36 1 (2.3) 2 (4.9) 3 (3.5) 

41 8 (18.2) 8 (19.5) 16 (18.8) 

44 4 (9.1) 0 (0.0) 4 (4.7) 

45 6 (13.6) 0 (0.0) 6 (7.1) 

48 6 (13.6) 0 (0.0) 6 (7.1) 

Total 44 (51.8) 41 (48.2) 85 

 

a +, culture positive; −, culture negative; sow age data were missing for 14 and 66 

culture positive and negative specimens, respectively.  
b Percentages are calculated based on the total number of valid response (i.e. 44 and 

41 valid responses among C. difficile positive and negative groups, respectively).  

  



 

Table 5.9 C. difficile culture results by sow paritya. 

Sow parity 

N (%) specimensb 

Total 

+ − 

1 7 (12.3) 13 (12.4) 20 (12.3) 

2 6 (10.5) 18 (17.1) 24 (14.8) 

3 2 (3.5) 13 (12.4) 15 (9.3) 

4 5 (8.8) 11 (10.5) 16 (9.9) 

5 5 (8.8) 16 (15.2) 21 (13) 

6 15 (26.3) 15 (14.3) 30 (18.6) 

7 4 (7) 6 (5.7) 10 (6.2) 

8 9 (15.8) 8 (7.6) 17 (10.5) 

9 4 (7) 5 (4.8) 9 (5.6) 

Total 57 (35.2) 105 (64.8) 162 

 

a +, culture positive; −, culture negative; sow parity data were missing for one and two 

culture positive and negative specimens, respectively.  
b Percentages are calculated based on the total number of valid response (i.e. 57 and 

105 valid responses among C. difficile positive and negative groups, respectively).  
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included 24.1% (14/58) of the culture-positive and 58.9% (63/107) of the culture-

negative specimens collected from farms E2, E4 and E5. Percentages presented in 

Tables 5.6-5.9 and those shown below were calculated based on the total number of 

valid responses. 

5.2.2.3.1 Piglet age and scouring status 

Piglet age ranged from 1-23 days. In total, 25.9% (42/162), 59.3% (96/162) and 

14.8% (24/162) of the piglets belonged to age groups 1-7, 8-14 and 15-23 days old, 

respectively (Table 5.6). The prevalence of C. difficile in these age groups was 

45.2% (19/42), 39.6% (39/96) and 0.0% (0/24), respectively. C. difficile was more 

common among non-diarrhoeic than diarrhoeic piglets although this difference was 

not statistically significant (64.9%; 37/57 vs. 35.1%; 20/57, p=0.077 χ2 test, Table 

5.7). 

5.2.2.3.2 Sow age and parity 

Sow age ranged from 12-48 months. Approximately half (49.4%; 42/85) of the sows 

in the study were aged ≤24 months (Table 5.8). The prevalence of C. difficile was 

42.9% (18/42) and 60.5% (26/43) among piglets born to sows aged 12-24 and 24-48 

months, respectively. Sow parity ranged from 1 to 9 (Table 5.9). The prevalence of 

C. difficile was 25.4% (15/59), 37.3% (25/67) and 47.2% (17/36) among piglets born 

to sows in parity groups 1-3, 4-6 and 7-9, respectively. 

5.2.2.3.3 Statistical analysis  

Logistic regression analysis was used to calculate univariate ORs for an outcome of 

C. difficile (Table 5.10). Piglet age was inversely associated with C. difficile 

positivity (OR 0.88, p=0.001), while sow age and parity were positively associated 

(OR 1.05, p=0.007 and OR 1.16, p=0.030, respectively).  

5.2.2.3.4 Farm characteristics 

Data regarding farm size and type were available for all participating piggeries 

except for farm E2 (Table 5.11). Farm E1 was the largest piggery (3000 sows and 

500 boars), followed by farms E5 (1200 sows), E3 (800 sows and 20 boars) and E4 

(600-700 sows and 10 boars). Most farms were farrow to finish operations (farms E1, 

E4 and E5), while farm E3 was a breeder. All farms except for E1 reported a history 

of souring among their piglets. Mortality rates were available only for farms E2 (5-

10%), E3 (<5%) and E5 (5%). Onsite effluent water treatment was performed at 



 

Table 5.10 Odds ratio (OR) for C. difficile positivity calculated using logistic 

regressiona. 

Risk factor Univariate OR p-value 95% CI 

Piglet age 0.88 0.001 0.82-0.95 

Sow age 1.05 0.007 1.01-1.09 

Sow parity 1.16 0.030 1.02-1.33 

Sow age*sow parity 1.05 0.190 0.98-1.13 

 

a CI, confidence interval.



 

Table 5.11 Farm questionnaire answersa. 

Characteristic 
Farm 

E1 E2 E3 E4 E5 

Farm location Chonburi Ratchaburi Ratchaburi Nakorn Pathom Nakorn Pathom 

N sows 3000 - 800 600-700 1200 

N boars 500 - 20 10 - 

Farm type Farrow to finish - Breeder Farrow to finish Farrow to finish 

Piglet scouring No Yes Yes Yes Yes 

Current mortality rate - 5-10% <5% - 5% 

Onsite effluent treatment No No No Yes Yes 

Treated effluent re-used in piggery No No No Yes No 

Integrated system Yes No No Yes No 

Animals kept in close proximity to 

the farrowing sheds 

Bovine (water 

buffalo), canine, 

equine (pony), 

ratite (ostrich) 

Anatine (duck), canine 

(dog), feline (cat), 

galline (chicken) 

Canine Canine Canine (dog), 

feline (cat), 

galline (chicken) 

Antimicrobial use Cephalosporin 

(cephalexin) 

Aminoglycoside 

(gentamicin), 

fluoroquinolones 

(enrofloxacin), 

penicillin (amoxicillin), 

polypeptide (colistin) 

Penicillin 

(ampicillin), 

polypeptide 

(colistin) 

Fluoroquinolones 

(enrofloxacin) 

Cephalosporin, 

macrolide, 

penicillin, 

pleuromutilin 

(tiamulin), 

polypeptide 

(colistin) 
 

a -, unanswered
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farms E4 and E5, but only farm E4 reused their treated water. E1 and E4 were 

livestock-fish integrated farms. The animals kept close to the farrowing shed and the 

antibiotics used at each farm are shown in Table 5.11. The animal species most 

commonly kept near the farrowing shed were dog (all farms), followed by cats and 

chickens. Antibiotics were used at all piggeries with farm E5 using the most number 

of antibiotics classes (n=5). Penicillin (amoxicillin and ampicillin) and colistin were 

the most frequently used agents (Table 5.11). 

5.2.3 Discussion 

The emergence of CA-CDI and the mounting evidence supporting CDI as a zoonotic 

disease greatly stimulated interest regarding reservoirs of C. difficile in the 

community. Given the lack of C. difficile data in Thai animals and the environment, 

this study aimed to describe the prevalence, epidemiology and antimicrobial 

susceptibility of C. difficile isolated from Thai piglets and surroundings. A total of 

165 rectal swabs were obtained from piglets aged 1-23 days old from five medium to 

large scale commercial farms (600-3000 sows) located in three central provinces of 

Thailand. 

5.2.3.1 Prevalence and molecular epidemiology of C. difficile in Thai piglets  

With culture, the overall prevalence of C. difficile among Thai piglets was 35.2%. 

The prevalence was 45.2%, 39.6% and 0.0% in piglets aged 1-7, 8-14 and 15-23 days 

old, respectively. Souring was observed in 44.4% of the piglets. The decline in 

C. difficile colonisation with increasing age was significant (OR 0.88, p=0.001) and 

the highest prevalence seen among 1- to 7-day-old age group is consistent with the 

current literature72,205,206,396.  

5.2.3.1.1 Comparison of data to other Asian countries 

When compared to the results obtained from other Asian countries, the prevalence of 

C. difficile was lower among Thai piglets. In Japan, 57.5% (69/120) of the <12-day-

old non-diarrhoeic piglets from 12 Japanese farms tested positive for C. difficile (cf. 

47.7% among the same age group in the current study)242. In Taiwan, 85.1% 

(114/134) of pigs from 16 piggeries were positive for C. difficile and included <7-

day-old piglets, nursery pigs and sows. The majority (64.2%; 86/134) of the pigs in 

the study were <7 days old243. Another Taiwanese study reported 49.0% (100/204) 

overall prevalence of C. difficile among piglets from 13 commercial farms244. When 
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stratified, the prevalence was 52.6% (50/95), 25.0% (14/56) and 67.9% (36/53) 

among suckling pigs, nursery pigs and sows, respectively. The decline in prevalence 

with increase in piglet age concurred with our results. Of note, the majority of pigs 

were healthy (non-diarrhoeic) and only 17.6% (36/204; 29 suckling pigs, two nursery 

pigs and five sows) had diarrhoea, suggesting a high frequency of asymptomatic 

carriage. 

The most striking difference between this study and other studies conducted 

elsewhere was the absence of toxigenic C. difficile. All isolates from four out of five 

farms investigated were clonal (RT QX083). Only farm E3 exhibited greater strain 

diversity and additional three RTs were recovered. These included internationally 

recognised non-toxigenic RT 010 and two novel RTs.  

Examination of the literature revealed non-toxigenic (A−B−CDT−) C. difficile 

among 10.0% (10/100) of the piglet isolates from Taiwan (8.0%; 4/50 in suckling 

pigs, 35.7%; 5/14 in nursery pigs and 2.8%; 1/36 in sows)244 and among 39.0% 

(39/100) of the piglet isolates from Japan (the second most common RT was the non-

toxigenic 038)242. In the majority of studies conducted outside Asia, non-toxigenic 

C. difficile occurred at relatively lower prevalence: 1.6% (4/245) in USA (North 

Carolina)396, 5.0% (7/140) in Spain397, 5.6% (1/18) in Belgium389, 13.3% (81/609)398-

15.3% (33/215)399 in USA (North Carolina and Ohio) and 16.2% (24/154) in 

Australia70. The present study appears to be the first and only report with a complete 

lack of toxigenic C. difficile among piglet isolates, suggesting a unique C. difficile 

epidemiology among pigs in Thailand.  

Contrasting our results was the high prevalence of toxigenic isolates seen in Japan 

and Taiwan. In Japan, 61.0% (61/100) of piglet strains were toxigenic (A+B+), 

among which 42.6% (26/61) were also CDT+242. The third most common RT was 

078 (12.0%; 12/100). Of great concern was their MLVA analysis that revealed 

genetic identity between Japanese RT 078 piglet isolates and RT 078 isolates 

obtained from European patients, although this may indicate relatively quick clonal 

expansion of RT 078 around the world. Similar to Thailand, breeding pigs in Japan 

were imported from Europe and this could indicate introduction via importation242. 

This appeared to not be the case for Thailand. A high prevalence of RT 078 and 078-

family C. difficile was observed in two Taiwanese studies. All 114 strains in one 
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study belonged to RT 078-family (A+B+CDT+) and included RTs 078 (32.5%; 

37/114), 126 (28.9%; 33/114), 127 (37.7%; 43/114) and one isolate with a RT 078-

family marker (0.9%; 1/114)243. In another study, 90.0% (90/100) of piglet strains 

belonged to the RT-078 family (A+B+CDT+) and included RTs 078 (20.0%; 18/90), 

126 (31.1%; 28/90), 127 (47.8%; 43/90) and 066-like (1.1%; 1/90). 

5.2.3.1.2 Comparison of data to Australian studies 

The relatively low prevalence of C. difficile (35.2%) and the absence of toxigenic 

strains among Thai piglets contrasted results from Australian studies. In 2013, a 

study reported 61.6% (114/185) C. difficile prevalence among neonatal pigs from 

three WA farms that were experiencing significant souring (50-80% of the litters) 

and mortality (11-14%). All isolates were RT 237 (AB+CDT+)73. This is among the 

few studies that described the predominance of a non-RT 078 C. difficile among 

livestock. In 2016, a cross-sectional study conducted at the same WA farms revealed 

RT 237 persisted in the piglet population (prevalence of 44.2%; 19/43)72. This study 

also included investigation of C. difficile acquisition over time by piglets and found 

the prevalence to be 40.0% (8/20), 50.0% (10/20), 20.0% (4/20), 0.0% (0/20) and 

0.0% (0/20) on days 1, 7, 13, 20 and 42 post-farrowing, respectively72. The 

predominance of a single RT in the pig herd and the decline of prevalence over time 

agreed with the current study.  

Another broader Australian study reported C. difficile prevalence of 67.2% (154/229) 

among <7-day-old piglets, with and without diarrhoea, from 21 farms across 

Australia70. The majority of strains (84.4%; 130/154) were toxigenic, including 

43.5% (67/154) A+B+CDT−, 29.2% (45/154) A−B−CDT+, 10.4% (16/154) 

A−B+CDT+ and 1.3% (2/154) A+B+CDT+. The most common internationally 

recognised RTs were 014/020, 033 and 237, while RT 078 (MLST clade 5) was not 

detected. The authors hypothesised that, in the absence of RT 078, other MLST clade 

5 strains (e.g. RTs 033, 126, 127 and 237) may be occupying the same ecological 

niche as RT 078 in Australian livestocks70. 

5.2.3.1.3 Comparison of data to European studies 

At a glance, the prevalence of C. difficile in European piglets ranged from 25.9% to 

100.0% and the majority (93.6-100.0%) of the isolates were 

toxigenic69,74,204,389,397,400-402. However, there appeared to be a great variation 
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regarding the age of piglet sampled. As colonisation varies with age, this could 

confound the results2. 

A Spanish study reported relatively lower prevalence of C. difficile (25.9%; 140/541) 

among 1- to 7-day-old piglets (cf. 45.2% among the same age group in Thailand). 

Samples were obtained from 13 farms that covered ca. 50.0% of the Spanish piglet 

population. Most isolates (93.6%; 131/140) were toxigenic, including 92.9% 

(130/140) of A+B+ and 0.7% (1/140) of AB+ strains397. The authors found a sharp 

decline in colonisation where none of the 1- to 2-month-old piglets sampled (n=239) 

were culture-positive397, similar to the absence of C. difficile among piglets in the 

highest age group (15-23 days old) in this study. 

In Slovenia, C. difficile was isolated from 51.8% (133/257) of <10-day-old 

diarrhoeic piglets from three farms (A-C) and all isolates were toxigenic401. Similar 

to Thailand, there was a predominance of a single strain in each farm. Toxinotype 

V/A+B+CDT+ RT 066 (76.7%; 102/133) occupied farms A and B, while toxinotype 

0/A+B+CDT (23.3%; 31/133, all isolates had identical albeit unnamed RT) 

occupied farm C401. Another Slovenian study found C. difficile in 50.9% (247/485) 

of the <10-day-old piglets from nine farms; all but one of the isolates were toxigenic 

(99.6%; 246/247) and RT 066 (67.2%; 166/247) was the most common400. The 

prevalence in the above studies was comparable to that observed for the same age 

group in Thailand (52.9%). 

A study conducted in Czech Republic investigated an older piglet cohort (12-23 days 

old). Compared to the prevalence observed for the same age group in the current 

study (10.9%), their prevalence was high 63.3% (19/30). All isolates were toxinotype 

0/A+B+CDT and had an identical RT pattern402. 

In Sweden, C. difficile was isolated from 67.2% (45/67) of piglets aged 0.5-16 days 

old (cf. 41.3% among the same age group in Thailand)69. Samples were obtained 

from both diarrhoeic and non-diarrhoeic piglets from three breeding farms 

experiencing increased mortality (15-16%). All of the isolates were A+B+CDT RT 

046. Of note, there was an outbreak of RT 046 CDI cases among humans in the same 

region at the time, suggesting possible zoonosis or anthroponosis, or exposure to 

common sources69.  
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In Germany, the overall prevalence of C. difficile among piglets was 73.1% 

(147/201)74. The prevalence was 68.2% (30/44) among <1-day-old, 93.5% (101/108) 

among 2- to 14-day-old and 32.7% (16/49) among 15- to 77-day-old piglets. All 

strains were toxigenic and the most common RTs were 078 (59.2%; 87/147), 126 

(19.7%; 29/147) and 002 (7.5%; 11/147)74. In Belgium, a study reported C. difficile 

in 78.3% (18/23) of the <15-day-old non-diarrhoeic piglets from three breeding 

farms (cf. 41.3% among the same age group in Thailand)389. All but one isolate were 

toxigenic (94.4%; 17/18). Similar to its neighbouring country, RT 078 (66.7%; 12/18) 

and 002 (16.7%; 3/18) were the most common389. Another study conducted in The 

Netherland to investigate acquisition of C. difficile by piglet found 100.0% (71/71) of 

the animals to be colonised within 48 h post-partum, irrespectively of the presence of 

diarrhoea. All C. difficile strains in this study belonged to RT 078204. 

5.2.3.1.4 Comparison of data to North American studies 

C. difficile prevalence among piglets in North America ranged from 24.9% to 74.4% 

and the majority of isolates (97.8-100.0%) were toxigenic205,206,396,398,399,403,404. Most 

studies described below do not report piglet age; instead, piglets were classified into 

suckling, nursery and finishing categories.  

In Texas, USA, two studies investigated the prevalence of C. difficile in a vertically 

integrated swine operation. The first study published in 2009 reported C. difficile in 

50.0% (61/122) of the suckling piglets, 8.4% (10/119) of the nursery/weaned piglets 

and 3.9% (15/382) of the grower/finisher pigs205. The study also reported C. difficile 

in 23.8% (34/143) of the farrowing barn lactating sows and effluent, 3.9% (7/180) of 

the breeding sows/boars and 6.5% (4/62) of their pork products. The latter indicated 

food-borne transmission risk. Most strains (93.1%; 122/131) were A+B+CDT+, 

while the remainders were ABCDT+ (5.3%; 7/131) and AB+CDT+ (1.5%; 

2/131). Apart from isolates with the latter toxin profile, all isolates (98.5%; 129/131) 

harboured a 39-bp deletion in tcdC and 91.6% (120/131) of the isolates were 

toxinotype V205. The second study published in 2011 reported an overall prevalence 

of 8.6% (252/2936), including 24.9%, 5.1%, 4.3% and 2.7% among farrowing, 

nursery, breeding and finishing pigs, respectively. The differences in prevalence 

between production groups were significant (p<0.05). The majority (93.7%; 236/252) 

of isolates were toxinotype V/A+B+CDT+/NAP7403. The decline in prevalence with 

increase in age observed above concurred with data from Thailand. 



108 

 

A study conducted in North Carolina and Ohio, USA, investigated the prevalence of 

C. difficile among non-diarrhoeic sows and piglets (8-10 days old) at farrowing. 

Samples were also obtained from the same piglets at nursery and finishing stages. 

Forty-seven percent (32/68) of sows and 72.9% (183/251) of piglets were culture-

positive at farrowing stage. Only one piglet tested positive at nursery stage and none 

was positive at finishing stage399. The same group of researcher subsequently 

characterised 609 strains obtained from 223 pigs in the above study. The majority of 

the strains were A+B+CDT+ with 39-bp deletion in tcdC (80.0%; 487/609) and the 

majority of pigs carried toxinotype V (72.6%; 162/223)398. 

In another study from North Carolina, the prevalence of C. difficile among pigs 

raised in indoor-conventional and outdoor-antibiotic-free systems was investigated396. 

Similar to the current study, the prevalence of C. difficile in both groups significantly 

declined with increase in age (p ≤0.001). The overall prevalence among piglets at 

farrowing (7-10 days old), nursery (4-7 weeks old) and finishing (16-26 weeks old) 

stages were 29.6% (176/594), 3.6% (41/1142) and 0.2% (2/1043), respectively, and 

among sows was 23.9% (26/109)396. The majority of strains (90.2%; 221/245) were 

toxinotype V396. 

Among diarrhoeic neonatal pigs in mid-western states of USA, 47.0% (241/513) 

tested positive for C. difficile404. Using an in-house PCR method, 578 C. difficile 

strains were confirmed to be positive for either tcdA or tcdB. A subset of strains 

representing >70% of the diversity were toxinotyped. All but one (97.8%; 44/45) of 

the strains investigated were toxinotype V (RTs 078 and 066), and the other one 

isolate was toxinotype I404. 

A longitudinal study conducted in Ontario, Canada reported C. difficile prevalence of 

74.4% (90/121), 56.4% (66/117), 39.8% (45/113), 22.8% (23/101) and 3.7% (2/54) 

among piglets aged 2, 7, 30, 44 and 62 days old, respectively206. Overall, C. difficile 

was isolated at least once from 95.9% (116/121) of the piglets. The decline in 

colonisation over time was significant (p<0.0001) and consistent with the current 

study. Of the C. difficile isolated, 100.0% (234/234) were toxigenic, 90.6% (212/234) 

were RT 078 and 97.0% (227/234) had also been found in humans in Ontario206. 

In summary, taking age into account, the prevalence of C. difficile among piglets in 

Thailand was lower than that observed in the majority of previous reports. The 
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prevalence in this and previous studies declined with increase in age, consistent with 

the establishment of the intestinal flora. An exception of this trend appeared to occur 

among farrowing sows in whom the prevalence was 23.9-67.9%205,206,244,396,399. 

Possible explanations include acquisition of C. difficile from suckling pigs or 

contaminated farrowing crates, and colonisation due to stress associated with 

farrowing205. The complete absence of toxigenic C. difficile observed in Thailand has 

never been reported in piglets and contrasted dramatically with the high prevalence 

of toxigenic strains observed in Asia, Australia, Europe and North America 

(particularly toxinotype V/RT 078 strains, except for Australia). The prevalence of 

non-toxigenic strains (A−B−CDT−) was higher in piglet studies conducted in Asia 

than elsewhere. The low strain diversity of C. difficile among Thai piglets was 

similar to the predominance of a single/few RTs seen in many previous studies. 

5.2.3.2 C. difficile contamination in piggery environment 

To investigate the level of contamination in the piggery environment, soil and water 

samples were obtained from sites surrounding farrowing sheds. C. difficile was 

isolated from all farms, and all environmental strains were non-toxigenic. All but two 

strains were RT QX083, which was the most common RT among piglets (87.9%) 

and the only RT isolated from piglets in four out of five farms.  

High level of environmental contamination and sharing of common strains between 

piglets and the environment was previously reported. This is unsurprising given the 

persistence nature of C. difficile spores19. With MLVA typing, Hopman et al. showed 

C. difficile isolated from piglets to be genetically related to the isolates obtained from 

farrowing crates, farrowing pens, sow teats and ambient air samples, all of which 

were RT 078204. Susick et al. recovered C. difficile from all of the 215 environmental 

specimens obtained from pig farms. The environmental strains were of the same 

toxinotypes as the piglet strains396. Moono et al. observed RT 237 in piglets, 

farrowing shed floor and effluent from a drainage channel before the two-stage 

treatment pond at the piggery72. Importantly, RT 237 has been found previously in 

treated effluent water destined for cleaning of pig shed405. Re-using of inadequately 

treated water leads to propagation of C. difficile and possibly greater C. difficile 

acquisition by pigs and farmers. In this study, farms E4 and E5 treated effluent on-

site but only farm E4 reused the treated water. Interestingly, farm E4 had the lowest 

C. difficile prevalence (3.3%). Only one of the 30 rectal swabs collected contained 
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C. difficile (RT QX083) and the soil isolate was of a different RT (QX107). 

Unfortunately, a water specimen was missing for farm E4 and the presence of 

C. difficile could not be confirmed. 

The presence of C. difficile in the majority of soil/effluent water specimens 

confirmed previous findings that environmental contamination is a major source of 

C. difficile in piggeries204. Occupational exposure could be a source of CA-CDI. 

Limited research has investigated this possibility, however, one study has suggested 

it to be unlikely. Norman et al. found no significant difference between the 

prevalence of C. difficile in human composite wastewater samples collected from 

households of individuals who work with swine and those who do not (12.0% vs. 

11.6%, p=0.42)403. These individuals were living as part of a closed, vertically 

integrated human and swine population. Here, the majority of strains from both 

human wastewater samples (84.5%) and pigs (93.7%) were toxinotype V with a 39-

bp tcdC deletion. It is possible that the observed risk is strain-specific. The dynamics 

of transmission could be different in countries e.g. Australia or Thailand, where 

strains other than toxinotype V predominate. Moreover, the study used a composite 

household wastewater sample and, consequently, the number of humans/animals 

contributing to each positive outcome could not be ascertained. It is important to note, 

however, that the relevance and impact of acquisition via exposure to swine or swine 

environment by Thai farmers is unclear, since no toxigenic strain was observed.  

5.2.3.3 Antimicrobial susceptibility of piglet and environmental C. difficile  

At present, limited data regarding antimicrobial susceptibility of C. difficile of 

livestock origin are available and no previous study has tested fidaxomicin against 

swine isolates. The absence of resistance against vancomycin, metronidazole, 

amoxicillin/clavulanate and meropenem is similar to that observed for Thai human 

isolates (Chapter 4) and has been previously documented in swine studies from Asia, 

Australia and North America69,72,242,244,396,406.  

Contrary to the 13.4% rifaximin resistance (MICs ≥128 mg/L) seen among Thai 

human isolates (Chapter 4), all the piglet/environmental isolates were susceptible. 

Piglet strains from Spain were also susceptible to rifampicin406. Rifaximin inhibits 

bacterial protein production by binding to the RpoB and mutation in rpoB leads to 

resistance289. This mutation appeared to be absent among swine strains. Different 
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levels of resistance between human and swine isolates were previously observed. 

Comparing antibiotic susceptibility of RT 046 strains from human patients and 

piglets, Noren et al. found human isolates showed MDR while piglet isolates showed 

only resistance to trimethoprim/sulfamethozaxole. The observed difference was 

likely due to the higher antibiotic usage in the hospital environment69.  

The great majority of piglet/environmental isolates were resistant to clindamycin 

(98.3%/100.0%) and erythromycin (75.9%/66.7%). High level of resistance to these 

agents was observed in many previous swine studies205,242,388,399,406,407, whilst none 

was observed among piglet isolates from Sweden and Australia69,72. Human isolates 

also showed resistance to these antibiotics, particularly strains from Asian countries, 

among which RT 017, harbouring ermB, is highly prevalent (Chapter 4)231. The ermB 

gene encodes a 23S rRNA methylase, conferring resistance to lincosamides and 

macrolides, and is carried on transposons (e.g. Tn6215, Tn6218, Tn6194 and Tn5398, 

the latter notably having two copies)368. CDI caused by strains carrying Tn6194 

exhibited higher mortality (29% vs. 3%)408. Notably, Tn6194 carries genes for 

recombinases and integrases, which enables intra- and inter-species (Enterococcus 

faecalis) transfer220. Transposons could act as a reservoir of AMR genes and the 

passage of AMR C. difficile through piglet gut allows transferring of these elements 

to other intestinal pathogens. 

Over half of the piglet/environmental isolates in this study were resistant to 

fluoroquinolones (moxifloxacin, 51.7%/55.6%). A similar level of resistance was 

seen in Taiwan (moxifloxacin, 56.3%)244, while greater resistance was observed in 

Japan (ciprofloxacin, 75.0%)242. However, ciprofloxacin is an earlier generation 

fluoroquinolone that has less anti-anaerobe activity than later drugs. Data from Japan 

showed rates of AMR among Escherichia coli isolated from healthy pigs to correlate 

significantly with the volume usage of antimicrobial agent in swine (r=0.787, 

p<0.01)409. The high level of fluoroquinolone use in Japanese pigs (annual usage 

volume of 1,293 kg) could explain the high level of resistance observed409. 

Resistance to fluoroquinolones was one of the cornerstones contributing to the spread 

of epidemic RT 0273. As opposed to being located on transposable elements, 

fluoroquinolone resistance is conferred by mutation in gryA. All of the RT 078 

moxifloxacin-resistant isolates in Taiwan showed an identical mutation (Thr82-to-Ile) 
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in gyrA as the epidemic RT 0273,244. Fluoroquinolone-resistant strains in Thai piglets 

may harbour similar mutation.  

MDR (clindamycin, erythromycin and moxifloxacin) was observed in 17.2% of 

strains from piglets, indicating frequent use of these agents in pigs. Indeed, 

antimicrobial use was reported by all piggeries. The use of macrolide, 

fluoroquinolone and cephalosporin was reported in one, two and two farms, 

respectively. Resistance to macrolides and fluoroquinolone was observed in the 

majority of C. difficile strains from Thai piglets. The use of these agents in older 

animals, particularly sows, can predispose the herd to CDI outbreak.  

5.2.3.4 Descriptive epidemiology  

5.2.3.4.1 Piglet characteristics  

As discussed, piglet age was inversely associated with colonisation of C. difficile 

(OR 0.88, p=0.001), consistent with the prevailing knowledge72,205,206,396. 

The majority of the piglets in this study were non-diarrhoeic and the overall 

prevalence of scouring was 44.4%. Unlike human disease, CDI in piglets is not 

necessarily associated with the presence of diarrhoea. Higher prevalence of 

C. difficile was observed among non-diarrhoeic than diarrhoeic piglets in Spain 

(28.6%; 82/287 vs. 22.8%; 58/254)397, Germany (76.5%; 39/51 vs. 72.0%; 

108/150)74 and the Czech Republic (84.2%; 16/19 vs. 15.8%; 3/19)402. The presence 

of toxin in stool also did not correlate with the presence of diarrhoea. In one study, 

significantly more toxin-positive piglets had normal to pelleted faeces (58.5%; 38/65 

vs. 25.0%; 16/64, p=0.001) and the majority of toxin-negative piglets had watery 

stool (75.0%; 48/64)410. Our study also showed higher prevalence of C. difficile 

among non-diarrhoeic (64.9%) than diarrhoeic piglets (35.1%). The crucial 

difference, of course, was the absence of toxigenic strains in our study. The observed 

scouring could be caused by other enteric pathogens, e.g. E. coli, which are prevalent 

(47%) among pigs in Thailand411. Conversely, C. difficile was significantly less 

prevalent among non-diarrhoeic than diarrhoeic piglets in Australia (47.4%; 9/19 vs. 

83.3%; 20/24, p=0.0124)72. 

Perhaps, characteristics other than diarrhoea would be better markers for CDI in 

piglets. A case-control study reported C. difficile toxin-positivity was significantly 

associated with the presence of typhlitis (p ≤0.025), colitis (p ≤0.01) and microscopic 
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colonic lesions (loss of goblet cells, infiltrate of neutrophils into the lamina propria, 

and multifocal erosive lesions, p ≤0.001) in piglets, while no association with 

mesocolonic oedema was observed410.  

The above findings suggest that veterinarians should not rule out C. difficile testing 

based on the lack of diarrhoea. Although positive correlation was observed between 

the stool C. difficile count and colonic concentration of toxin (r=0.583, p=0.099)412, 

toxigenic C. difficile was isolated from 17.8% of toxin-negative piglets410. 

Laboratory test results and clinical observations should be interpreted in unison for 

accurate diagnosis of CDI in piglets. 

5.2.3.4.2 Sow characteristics  

Logistic regression analysis revealed sow age and parity to be positively associated 

with C. difficile prevalence among piglets (OR 1.05, p=0.007 and OR 1.16, p=0.030, 

respectively). A trend for positive correlation between sow parity and C. difficile 

prevalence among piglets has also been reported in Australia72. 

It is logical to think that piglets born to C. difficile-positive sows would be more 

likely to also be C. difficile positive and vice versa. This is supported by previous 

study that found significant correlation between sow and piglet colonisations206. 

Although C. difficile colonisation declines as animal age, the epidemiology among 

sows appeared unique and the prevalence ranged from 23.9% to 67.9%205,206,244,396,399. 

Contamination in the farrowing environment was implicated as the major source 

from which sows and piglets acquire C. difficile204,205. The higher the parity, the 

more time sows spent in the farrowing environment, and hence the more likely they 

are to acquire, carry and shed C. difficile. Human studies reported higher levels of 

serum IgG antibody against C. difficile toxin A among patients who were previously 

asymptomatically colonised413. A similar mechanism may be at work in sows. It is 

probable that previously colonised, higher parity/older sows have a stronger immune 

protection against C. difficile and are more likely to be a healthy shedder that 

contaminates the farrowing crate. This is consistent with previous findings that older 

CDI sows have lower mortality than younger CDI sows201. 

5.2.3.4.3 Farm characteristics 

Five farms located in central provinces of Thailand were investigated. Two farms 

located in Ratchaburi had the highest C. difficile prevalence (82.4% in E3 and 48.1% 
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in E2). While the rest were farrow to finish operations, farm E3 was a breeder. This 

explained the high prevalence observed, given that colonisation is most common 

among neonates72,205,206,396.  

Ratchaburi (ca. 79 km south-west of Bangkok) and Nakhon Pathom (ca. 52 km west 

of Bangkok) located closer to each other (shared borders) than to Chonburi (ca. 68 

km south-east of Bangkok). Despite being closely located, farms in Nakhon Pathom 

exhibited low C. difficile prevalence (20.5% in E5 and 3.3% in E4) contrasting 

results seen in Ratchaburi. In the current study, the high prevalence did not show 

geographical clustering and appeared to be farm specific, which concurred in a 

previous study404. However, that fact that piglets from all farms carried the same 

C. difficile RT suggested sharing of common sources. Bearing in mind that 46% of 

the breeding pig population in Thailand is owned by two large companies387, the 

sharing of a piglet supplier is probable, however, the origin of piglets in each farm 

could not be verified.  

Studies involving large and small swine operations reported higher prevalence 

among the former404. A similar trend was not observed here, although this could be 

due to limited number of farms investigated. Additionally, the presence of livestock-

fish integrated systems in Chonburi (E1) and Nakhon Pathom (E4) farms did not 

appear to accentuate C. difficile prevalence. It is worth mentioning again that 

toxigenic C. difficile was not found. It is plausible that, in the presence of toxigenic 

strains, the transmission dynamic could be different due e.g. to a more severe 

diarrhoeal symptoms and hence increased shedding. 

Other animals were commonly kept in close proximity to the farrowing shed, 

including companion (dogs, cats, ponies and water buffalo) and food animals 

(chickens and ducks). A majority of the reported animals are known to carry and 

shed C. difficile including strains known to cause human disease15,52,414,415. The 

intermingling of these animals and human could lead to transmission of C. difficile. 

5.2.3.5 Strengths and limitations of this study 

This study provided the first data of C. difficile colonisation in Thai piglets and 

C. difficile contamination in the farming environment of Thailand. It also provided 

internationally recognised C. difficile typing data and antimicrobial susceptibility 

data on the isolates. The results obtained demonstrated important differences 
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between C. difficile epidemiology among pigs in Thailand compared to that seen in 

other countries.  

Due to time and resource limitations, the study only included five farms located in 

central Thailand and only small number of environmental specimens was collected. 

It is uncertain whether the C. difficile colonisation dynamic would be different in 

farms in other parts of Thailand and the level of environmental contamination 

remains largely unexplored. The generalisability of the results obtained here need to 

be confirmed with larger studies involving multiple farms. Moreover, the 

investigated farms belonged to relatively smaller swine operations. Given the 

dominance of two large swine enterprises in Thailand, investigation involving these 

facilities would be more relevant from a public health standpoint. Access to these 

facilities, however, is limited by commercial concerns. Despite these limitations, the 

preliminary data obtained will assist veterinarians in animal care and researchers in 

designing of future studies. 

5.2.3.6 Implications and recommendations for future studies 

C. difficile isolated from Thai piglets and piggery environment were characterised by 

the absence of toxigenic strains. Future surveillance of C. difficile in this population 

should include culture or molecular techniques that do not rely on detection of toxin 

loci. 

Given that CDI is a toxin-mediated disease, the observed results suggested a lack of 

CDI among piglets in Thailand. Notwithstanding its unclear clinical impact, the 

evidence suggested that colonisation with non-toxigenic strains could have a 

protective effect on the host due to competitive exclusion of pathogenic C. difficile. 

Songer et al. observed marked increase in the number of weaned piglets per litter and 

higher average weaning weight among piglets that were administered with spores of 

non-toxigenic C. difficile (106 spores orally within 24 h of birth)416. The presence of 

non-toxigenic strains in piglets and environment could have a beneficial impact on 

the herd. 

Although non-toxigenic, the majority of the isolates were resistant to clindamycin, 

erythromycin and fluoroquinolone. AMR in C. difficile is imparted predominantly by 

transposons, and inter- and intra-species transfers have been documented220. Lateral 

transfer of these resistance elements from C. difficile to other intestinal pathogens 
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can lead to increased propagation due to enhanced fitness, particularly when 

injudicious use of antibiotics is common in Thai livestock. This further emphasised 

the need for farmers and veterinarians to practice antibiotic stewardship. There 

appeared to be a lack of knowledge among farmers, and educational programs that 

teach the right way to use antibiotics would greatly reduce the spread of all AMR 

bacteria. 

Food safety is a major concern when C. difficile was isolated from food animals. 

Previous studies have found low prevalence of C. difficile among finishing-age pigs, 

however, the prevalence among piglets was high206,241,244,245. Although not isolated 

from piglets in the current study, toxigenic strains have been isolated from Thai 

humans, indicating a possible anthroponotic transmission (human-to-animal transfer). 

Considering that piglets are consumed as a delicacy in Thailand, food-borne 

transmission remains a possibility. 

Future research may include surveillance of piglets at different production stages 

(farrowing, nursery and finishing) and from farms in other parts of Thailand. 

Additionally, larger environmental studies involving the swine production/supply 

chain (farrowing and finishing environments, transport vehicles, abattoirs and retail 

shops) and food studies (retail meat products) could be conducted. The latter would 

allow the assessment of the likelihood of food-borne transmission. C. difficile 

prevalence was found to increase markedly after the slaughter process, despite being 

low among slaughter-age animals244. This further indicates the importance of 

appropriate carcass processing procedures and environmental decontamination. 

Epidemiological investigations using WGS would assist in unravelling the 

transmission cycle within farming, abattoir and retail environments. It has become 

clear that the health of humans and animals are intertwined and a one-health 

approach that combines knowledge of human physicians, veterinarians and 

environmental scientists is required to further our knowledge in combating infection 

caused by C. difficile417. 

5.3 Surveillance of C. difficile contamination in Thai seafood 

5.3.1 Aims 

This was a pilot investigation that aimed to assess the presence of C. difficile in retail 

fish and shellfish raised in Thailand, and sold in Bangkok or Perth, WA. 
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5.3.2 Results 

None of the specimens sampled from markets in Perth (97 prawns, seven mussels 

and two clams) or Bangkok (six prawns, four tilapia, five whitebait, and one each of 

silver barb, goby, cat fish, and eel) tested positive for C. difficile.  

5.3.3 Discussion 

Livestock-fish integrated farming system remains prevalent in many parts of 

Thailand and raises concern regarding C. difficile contamination in aquatic food 

animals grown in such way. We did not find any of the 125 seafood specimens to 

contain C. difficile.  

Limited studies have investigated the presence of C. difficile in aquatic food animals 

and most studies focused on filter feeders that are more likely to accumulate 

pathogens418. Three studies were conducted in the Gulf of Naples. The first was a 

pilot investigation that reported C. difficile in 66.7% (4/6) of the mussel and clam 

samples, including two toxigenic strains (RTs 005 and 066)47. The second study 

isolated C. difficile from 49.1% (26/53) of edible bivalve molluscs sampled from 

highly polluted areas, including RTs most commonly found among humans in 

Europe (014/020, 001, 078, 018,106, 002, 012, 126 and 003)9,90. The third study 

involved a larger sample size and reported C. difficile in 3.9% (36/925) of edible 

bivalve molluscs419. The prevalence observed in the latter more closely resembled 

that observed in North America. Five percent (3/67) of retail seafood (fresh mussel, 

frozen salmon and frozen shrimp) sold in Texas, USA harboured C. difficile. Two of 

the three isolates were RT 07889. C. difficile was also isolated from 4.2% (5/119) of 

retail seafood sold in Canada and included one isolate each from frozen scallop, 

frozen shrimp, fresh perch, fresh salmon and cooked shrimp. The majority (80.0%; 

4/5) of isolates were RT 078420. The presence of toxigenic C. difficile in seafood 

indicated potential, albeit low, risk of food-borne infection. 

The absence of C. difficile in the current study could be a reflection of good food 

processing standards. All of the specimens sold in Perth were cooked and frozen, the 

processes, which kills vegetative cells and may limit spores viability94,421. Based on 

the limited amount of data, the prevalence of C. difficile in retail seafood appeared 

low and most studies that obtained isolates did so via enrichment culture (7-10 days) 

implying that the spore load was low. Similar to methods used in previous studies, 
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we enriched our specimens (7-10 days) in broths containing a spore germinant (1 g/L 

taurocholate). The lack of C. difficile in this study could be due to the small number 

and variety of specimens tested. 

Sampling of fish from livestock-fish integrated farms would be a more direct way to 

assess the transmission of C. difficile within such facility. This was not performed 

due to time and resource constrains. Future study could include sampling of aquatic 

food animals fed with livestock manure and trace the supply chain to the retail stage. 

Such a study would allow assessment of the public health impact of using manure as 

fish feed.  
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Chapter 6 General discussion 

6.1 Introduction 

C. difficile is a major cause of nosocomial diarrhoea. Its debilitating symptoms lead 

to a huge economic burden and loss of productivity422. Previously thought as a 

nosocomial infection, CDI has emerged as a significant cause of infectious diarrhoea 

in the community14. The rising incidence of CA-CDI sparked a massive hunt for a 

reservoir of the pathogen outside of the hospital. This search revealed C. difficile to 

be widely prevalent in animals, retail food and environment15. Exposure to 

antibiotics causes change in the intestinal microbiome composition, leading to an 

increased risk of CDI95. Thailand is among many developing counties that allow 

distribution of oral antibiotics without prescription. Proper use of these agents is not 

well-understood by the public in Thailand and the prevalence of antibiotic misuse is 

high in both humans and animals247,251,339. Together, these factors suggested that 

colonisation and infection with C. difficile could be common in both humans and 

animals in Thailand. Limited studies have investigated CDI in humans in Thailand, 

and no work has been done on animals or environment of this country until now. 

Additionally, the diagnostic methods used widely in Thailand until recently are not 

optimal. The aims of this thesis therefore were: 

 To evaluate commercial assays for use in laboratory detection of C. difficile 

disease in humans.  

 To describe the prevalence, molecular epidemiology and antibiotic susceptibility 

of C. difficile in diarrhoeal inpatients, piglets and piggery environment in 

Thailand, and in retail seafood grown in Thailand. 

 To describe the clinical characteristics, treatment and outcomes of CDI patients 

and describe factors associated with C. difficile positivity among piglets in 

Thailand. 

6.2 Key findings 

6.2.1 Evaluation of diagnostic assays for detection of CDI in humans 

 In adult studies, the sensitivities and specificities (cf. direct culture) were 86.2-

90.0% and 98.0-100.0%, respectively, for well-type Chek-60, and were 95.0%, 

and 97.6%, respectively, for membrane-type QCC GDH EIAs. The differences of 

the performance between well- and membrane-type GDH EIAs were not 
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statistically significant (p>0.05). Compared to direct toxigenic culture, QCC 

TOX EIA had low sensitivity (57.1%) but high specificity (99.7%). BD MAX 

exhibited high sensitivity (92.9-95.5%) and specificity (98.7-99.0%) in the 

Australian routine setting, but performed poorer in the Thai routine setting 

(77.8% and 94.3%, respectively). Only the difference in specificity was 

significant (p<0.05).  

 In a paediatric study, the sensitivity and specificities of QCC GDH EIA were 

87.1% and 96.9%, respectively. QCC TOX had a very low sensitivity (28.9%) 

but an excellent specificity (100.0%). Molecular methods were significantly more 

sensitive in detecting toxigenic C. difficile than toxin EIAs and CCCNA (p<0.05). 

The sensitivities were 28.9%, 33.3%, 88.9% and 88.9%, respectively, for QCC 

TOX EIA, CCCNA, illumigene and BD GeneOhm. The specificities were high 

for all assays (100.0%, 100.0%, 100.0% and 99.1%, respectively). 

6.2.2 Epidemiology of C. difficile in Thailand 

 The prevalence of CDI among diarrhoeal patients in Thailand was 13.3%. 

 The most common C. difficile strains among patients was RT 014/020 group 

(15.7%), followed by RTs 017 (10.6%), 010 (10.2%), QX001 (5.6%), 039 (5.1%) 

and 009 (4.6%). 

 Non-toxigenic strain occurred at high prevalence and was isolated from 12.8% of 

the diarrhoeal patients in Thailand. 

 Most C. difficile strains from diarrhoeal patients were resistant to clindamycin 

(59.7%), and large proportions were resistant to erythromycin (32.9%), 

moxifloxacin (22.7%) and rifaximin (13.4%). 

 The characteristics of CDI patients in Thailand were similar to CDI patients 

elsewhere (advanced age, recent hospitalisation, recent antibiotic exposure, 

presence of co-morbidities and similar treatment). 

 CDI patients in Thailand exhibited lower mortality (3.0%) compared to that seen 

in North America and Europe. 

 C. difficile was isolated from 35.2% of piglets and 88.9% of the environmental 

specimens. 

 The most common C. difficile strains in piglets and environment was a novel RT 

QX083; all of the strains from piglets and the piggery environment were non-

toxigenic. 
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 Most C. difficile strains from piglets and the piggery environment were resistant 

to clindamycin (98.3% and 100.0%), erythromycin (75.9% and 66.7%) and 

moxifloxacin (51.7% and 55.6%).  

 C. difficile colonisation in piglets was age dependant, with the 1- to 7-day-old age 

group being most likely to be colonised (OR 0.88, p=0.001).  

 Piglets born to sows from higher age and parity groups were significantly more 

likely to be colonised (OR 1.05, p=0.007 and OR 1.16, p=0.030, respectively). 

 None of the retail seafood specimens grown in Thailand contained C. difficile. 

 All but three C. difficile strains from Thailand were susceptible to the antibiotics 

recommended for treatment of CDI (metronidazole, vancomycin and 

fidaxomicin). 

 CDT+ C. difficile was rare in Thailand and none of the strains belonged to the 

hypervirulent RTs 027 and 078.  

6.3 The current status of C. difficile in Thailand 

Despite the prevailing view of the healthcare professionals in Thailand, CDI is 

common among diarrhoeal patients. Of the infecting strains, RT 017 demands special 

attention due to its high prevalence and the MDR characteristic seen in 87.0% of the 

strains. In light of outbreaks of RT 017 infection in The Netherlands and 

Ireland238,239, this strain clearly has great potential to cause CDI outbreaks in Thai 

hospitals. Early identification of such strains is paramount for the control of CDI. As 

RT 017 is an A−B+CDT− strain, suitable diagnostic tests should detect toxin B, and 

perform at a high sensitivity and specificity.  

Many early studies conducted in Thailand only tested for the presence of C. difficile 

by looking for toxin A273 and, until recently, the only test used in most Thai hospitals 

was a toxin EIA254. The lack of an appropriate toxin target, or the sole use of toxin 

EIAs which often lacks sensitivity, has impeded epidemiological investigations and 

hampered infection control efforts157,298. A diagnostic test that matches the above 

criteria, the BD MAX Cdiff system, is currently being used at Siriraj Hospital. 

Despite this improvement, the low sensitivity of the assay observed in the Thai 

routine setting (77.8%) when compared to the sensitivity observed in Australia (92.9-

95.5%) and elsewhere (97.7%)298 was a cause of concern. The specificity was lower 

also (94.3% vs. 98.7-99.7%, p<0.05)298. Given the high prevalence of self-

medication among Thai people339, BD MAX may have detected DNA released by 
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dead bacteria, leading to a high number of FP results (cf. toxigenic culture). This 

could partly account for the observed differences. Additionally, the PPV in the Thai 

setting was low compared to that in Australia (68.5% vs. 81.3-84.0%), despite having 

a higher C. difficile prevalence (14.2% vs. 5.4-6.8%). This suggested that the BD 

MAX system might not be suitable as a stand-alone test in Thailand. Still, BD MAX 

had a reasonable NPV in the Thai setting (96.4%), suggesting some usefulness as a 

screening tool in a two-step algorithm although figures of >99% for NPV are 

generally looked for. The presence of toxin in stool is a better indicator of clinical 

severity184 and, consequently, true cases of CDI should be confirmed with a toxin 

detecting test. A toxin EIA is suitable in resource-limited laboratories (e.g. in 

Thailand) as they are relatively inexpensive and easy to perform compared to tissue 

culture based toxin assays. Our study showed QCC TOX to have excellent specificity 

(99.7%). When used only among specimens tested positive by the first test, its PPV 

(88.9% in Australian setting) would be further improved. A disadvantage of QCC in 

this situation is the redundant GDH component. An EIA that only detects toxins A/B 

would be cheaper and better suited. In Thailand, the use of GDH EIA-first algorithm 

may not be as cost saving as previously suggested, given the high prevalence of non-

toxigenic C. difficile among patients (12.8%). NAATs that target tcdB (e.g. BD 

MAX) appeared a more suitable first-line test. The use of GDH EIA-first algorithm 

was also contraindicated in the paediatric study due to the low sensitivity of QCC 

GDH (87.1% vs. 95.0% in adult study, p>0.05), the superior sensitivity of molecular 

methods (illumigene and BD GeneOhm) when used alone (88.9%), and the lack of 

cost saving when a combined approach was used. In combination, results from these 

studies indicated a two-step algorithm involving a NAAT that targets tcdB followed 

by a toxin A/B EIA to be most suitable for diagnosis of CDI in patients in Thailand. 

In addition to RT 017, 25 other toxigenic and 37 non-toxigenic RTs of C. difficile 

were isolated from diarrhoeal patients, the majority of which were novel and did not 

match the PCR ribotyping patterns available in the reference library. Such 

heterogeneity suggests a widely distributed reservoir of infection in Thailand.  

Compared to the human data, strain diversity was low among isolates of C. difficile 

from piglets in Thailand, in which a novel RT, QX083, predominated. The 

epidemiology of C. difficile in piglets did not mirror that of North America and 

Europe where the majority of the commercial pigs in Thailand originated. Not only 
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was RT 078 which was frequently associated with pigs worldwide not found, none of 

the swine strains of C. difficile from Thailand was toxigenic. This is particularly 

intriguing given that the sole presence of non-toxigenic strains of C. difficile has 

never been reported in pigs. Interestingly, two strains observed in human patients 

were found also in piglets (RTs 010 and QX083, Figure 5.1) and the AMR patterns 

observed among the pig isolates matched those of the human isolates. This may 

suggest inter-species transmission or exposure to common sources. Previously, RT 

078 strains from pigs and humans have been found to be identical using SNP 

typing12. Further WGS analysis of strains of C. difficile from pigs and humans would 

continue to elucidate the degree of relatedness between these groups of strains. 

As previously mentioned, antimicrobial use (and misuse) is wide spread among 

humans and livestock in Thailand. This was reflected in the high prevalence of AMR 

among C. difficile isolated from humans, piglets and environmental sources. Among 

human isolates, resistance to lincosamide and macrolide were common, and occurred 

in both toxigenic (53.8% and 30.2%, respectively) and non-toxigenic (65.5% and 

34.5%, respectively) strains. Resistance to these antimicrobials was also common 

among piglet (98.3% and 75.9%, respectively) and environmental (100.0% and 

66.7%, respectively) strains. Fluoroquinolone resistance was also high among 

toxigenic and non-toxigenic strains from humans (29.2% and 16.4%, respectively), 

and among strains from piglets (51.7%) and environment (55.6%). This is consistent 

with the frequent use of fluoroquinolones in Thai hospitals251,252 and piggeries 

(Chapter 5). Moreover, MDR was prevalent among human isolates (22.7%), 42.9% 

of which were non-toxigenic. Strains from piglets (17.2%) and environment (33.3%) 

(all non-toxigenic) also shown MDR characteristic. 

The erm B gene, which confers resistance to lincosamides and macrolides, is 

encoded on transposons that are mobile across and within bacterial species220,423. 

With the global rise in AMR bacteria and the concurrent diminishing frequency with 

which new antimicrobial agents are being discovered, there is an urgent need for a 

concerted effort to preserve the efficacy of the existing drugs via antibiotic 

stewardship and infection control measures. The above data clearly show that both 

toxigenic and non-toxigenic C. difficile could be important sources of AMR genes 

that can spread to other pathogens in Thailand. It also indicates that although not able 

to cause CDI, non-toxigenic C. difficile harbouring the AMR genes on mobile 
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genetic elements pose a threat to the health of humans and animals. These findings 

have public health relevance.  

Another concern regarding the presence of non-toxigenic strains of C. difficile was 

their ability to be converted to toxin producers via an intra-species horizontal transfer 

of the PaLoc424. As co-colonisation of toxigenic and non-toxigenic C. difficile was 

observed in humans in Thailand and has been reported previously in pigs398, such an 

event may occur in nature. Conversion of MDR non-toxigenic C. difficile to a 

toxigenic strain could lead to outbreaks of CDI in hospitals and animal rearing 

facilities, particularly when antimicrobial use is highly prevalent.  

Contrary to the possible negative effects outlined above, carriage of non-toxigenic 

C. difficile could have some beneficial impact on the host. A randomised clinical trial 

found administration of non-toxigenic C. difficile spores significantly reduced 

recurrent CDI in patients346. Additionally, exposure to spores of non-toxigenic 

C. difficile lowered the detrimental impact of CDI in piglets (higher average weaned 

weight and more weaned piglets per litter)416. It is possible that non-toxigenic strains 

are protecting the host via competitive exclusion of pathogenic strains416. A complete 

understanding of the significance of the high prevalence of non-toxigenic strains in 

Thailand requires further investigation.  

This study showed that most C. difficile strains from patients, and all strains from 

piglets and environment, were susceptible to antibiotics recommended for CDI 

treatment (metronidazole, vancomycin and fidaxomicin) although three human 

strains had elevated vancomycin MICs (4 mg/L). Although a worrisome 

development, the implications of such a small increase in MIC are questionable in 

CDI as the standard treatment regime of vancomycin results in very high faecal 

concentration (>2000 mg/L)355. Notwithstanding this, the recent increase in 

vancomycin resistant bacteria, particularly vancomycin-resistant staphylococci and 

enterococci, has caused major public health concerns given vancomycin has a 

reputation as a ‘last-resort’ drug357. Appropriate and controlled use of this 

antimicrobial is increasingly important.  

The characteristics of CDI patients in Thailand were similar to CDI patients 

worldwide and included advanced age, recent hospitalisation and recent exposure to 

antibiotics. Interestingly, however, mortality was lower than that observed in North 



125 

 

America and Europe (3% vs. 9-43%)221,266,271,371,377. The high prevalence of non-

toxigenic strains (and the corresponding protective effect), the rarity of CDT+ strains 

in general and the absence of hypervirulent lineages specifically (e.g. RTs 027 and 

078) could have contributed the low morbidity and mortality observed. 

Similar to previous studies, scouring in piglets was not associated with the presence 

of C. difficile. Accordingly, veterinarians and researchers should not rule out 

C. difficile testing based on the absence of diarrhoea. Consistent with previous 

literature, colonisation in piglets significantly declined as animal grew older. Piglets 

born to older or higher parity sows were more likely to be colonised with C. difficile. 

Examination of the literature shown the prevalence among sows to be relatively high 

(23.9-67.9%205,206,244,396,399), despite the general decline in prevalence seen as animal 

age. This observation has been linked to the high level of contamination in the 

farrowing environment in which older or higher parity sows would have spent a 

longer time in204,205. Additionally, previous colonisation of C. difficile in humans 

enhanced immunity against C. difficile413. It is possible that the more immune-

experienced older or higher parity sows were more likely to shed C. difficile 

asymptomatically, leading to a higher acquisition by piglets. It is noteworthy, 

however, that the observed association between piglet colonisation, and sow age and 

parity could be unique to Thailand due to the lack of toxigenic strains among piglets 

studied. The transmission dynamic could be different in the presence of toxigenic 

C. difficile. The generalisability of this data must be confirmed with larger studies in 

multiple farms. 

Contamination of the farrowing environment is the principal mode of transmission 

within the piggery204. In this study, C. difficile was present in all but one of the 

environmental specimens collected from areas surrounding the farrowing shed. Due 

to the small number of specimens (n=9), the true prevalence could not be ascertained. 

Notwithstanding this, the presence of C. difficile in soil and water indicated the 

piggery as a source of C. difficile in the community. Three of five piggeries did not 

report on-site effluent treatment and the fate of the water used is unclear. Given that 

C. difficile spores are able survive the effluent treatment procedure used in Australian 

piggeries, the spore load in an untreated effluent could be high405. Run-off and 

discharge from these facilities could contaminate waterways and increase 

dissemination of AMR genes. C. difficile spores could also accumulate in aquatic 
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organisms, particularly shellfish, as demonstrated previously among marine bivalve 

molluscs in Italy419. 

6.4 Strength and originality of studies 

Chapter 3 presented three investigations of diagnostic assays for laboratory detection 

of CDI in human. Section 3.2 described a direct comparison between well-type and 

membrane-type GDH EIAs using culture as a reference standard. This has not been 

performed previously. The additional studies described in Sections 3.3 and 3.4 have 

not been conducted previously in Australia. The results obtained provided new 

insights into the performance characteristics of the commercially available assays 

and are applicable to laboratories worldwide. 

The human study (Chapter 4) was the first to prospectively investigate the prevalence 

of C. difficile among patients in Thailand as well as type the infecting/colonising 

strains with an internationally recognised method (PCR ribotyping). Additionally, the 

animal and environmental studies presented (Chapter 5) had never been done 

previously in Thailand. The isolation medium used in all studies (bioMérieux’s 

ChromID agar) was superior to the traditional culture medium (CCFA) for isolation 

of C. difficile283. Furthermore, the study accumulated a large collection of strains 

from human, animal and environmental sources in Thailand, which can be used in 

future studies in relation to transmission of C. difficile, as well as for investigating 

phylogeographic and evolutionary relationships between isolates. Antibiotic 

susceptibility testing was performed on all strains using a standardised protocol as 

recommended by the CLSI. The data generated will assist Thai physicians and 

veterinarians in providing patient care and reducing inappropriate use of 

antimicrobial agents. 

6.5 Limitations of studies 

A limitation of studies described in Chapter 3 was the lack of correlation with 

clinical outcome. The human study was limited to one tertiary hospital where most of 

the previous C. difficile studies were conducted. Reasons for this included being the 

most well-funded and technologically forward hospital in Thailand. The caveat with 

using data presented here is that patients at this hospital are often severely ill and are 

likely to be more vulnerable to CDI than the general public. The piglet study was 

relatively small and did not cover large intensive farming operations in Thailand. The 
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swine industry in Thailand is currently dominated by two large enterprises that own 

and supply almost half of the breeding pigs in the country. However, admittance to 

such facilities would require an established relationship between industry owners and 

researchers. This will need to occur to continue the work. Additionally, sampling of 

piglets was limited to a single time point and to the central region of Thailand. 

Consequently, factors such as seasonality, differences in local climate condition and 

variations in pig production methods, which could influence the prevalence of 

C. difficile, were not investigated.  

6.6 Recommendations  

This study showed that CDI is widespread among diarrhoeal patients in Thailand. At 

present, awareness of this infection is low among Thai physicians. Testing of stools 

remains inadequate and the testing volume partly depends on physicians’ perception 

and knowledge of the disease. Prior to the use of BD MAX in Siriraj hospital, a toxin 

EIA was used as a stand-alone test. It has been pointed out that doctors stopped 

requesting for C. difficile testing because the results always come back negative, 

leading to the belief that CDI is rare in Thailand. This could be explained by the low 

sensitivity of toxin EIA. C. difficile testing could be increased by ensuring that 

physicians are well informed of the latest C. difficile data and testing procedures.  

Another factor impacting C. difficile testing is the availability of diagnostic tests. 

Many hospitals in Thailand have limited financial resources. Our study showed QCC 

GDH to have a high sensitivity (95.0%) and QCC TOX to have high a specificity 

(99.7%). By interpreting final outcomes based on a combination of both GDH and 

toxins components, QCC is valuable as a rapid stand-alone test in laboratories where 

the costs associated with NAAT, anaerobic culture or CCCNA are prohibitive. 

Advantages associated with the use of NAATs such as BD MAX included their high 

sensitivities and specificities, and the short turnaround time. The latter is particularly 

important in timely notification of laboratory results to avoid unnecessary patient 

isolation and inappropriate treatment. Although relatively more expensive to set up, 

investing in molecular techniques may indirectly save cost by improving patient care 

(shorter length of stay and less antimicrobial use). Furthermore, considering the high 

prevalence of non-toxigenic C. difficile in Thailand, the use of NAAT that targets 

tcdB as a screening test (followed by toxin detecting test to confirm true cases of CDI 
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only among reactive specimens) could be more cost saving compared to the GDH 

EIA-first approach. 

The relatively lower sensitivity and specificity of BD MAX in the Thai routine 

setting is concerning. To maximise BD MAX efficacy and limit C. difficile 

transmission, this issue must be addressed. From the healthcare providers’ 

perspective, appropriate actions include enhancing staff education and training, 

ensuring proper and timely collection and transportation of specimens, and regularly 

performing quality control testing and servicing of the BD MAX platform. Educating 

hospital staff on awareness of C. difficile, the dangers of antibiotic misuse, and ways 

to control infection (e.g. contact precaution procedures, hand hygiene and 

environmental decontamination) could further reduce transmission of C. difficile.  

Additional improvements in C. difficile awareness could be achieved with 

advertising campaigns tailored to be simpler to grasp by the general public. 

Promotion of awareness could occur in schools and community centres. Until more 

data is obtained, it is uncertain whether toxigenic C. difficile is present among pig 

herds and retail food in Thailand. Raising awareness of C. difficile among 

veterinarians, agriculturists, livestock owners and food producers remains important 

in control of infection in the community. An appropriate spore eradication technique 

is essential in reducing transmission and should be implemented on farms, 

particularly for the farrowing shed, for decontamination of effluent, and throughout 

the food production chain. Finally, the importance of antibiotic stewardship cannot 

be overemphasised. 

6.7 Directions for future studies 

With changes in aviation, pathogens such as C. difficile can now move further, faster 

and in greater numbers than ever before. The mix of C. difficile strains constantly 

changes and only with continuing surveillance could we monitor and control 

infections. However, a continuous testing program requires constant capitalisation. 

Periodic investigation of circulating strains requires less financial support and may 

be more suitable for Thailand. Such a program could act as an assessment of the 

success of any intervention implemented. Furthermore, antibiotic susceptibility 

testing would be useful in determining and monitoring resistance pattern and in 

choosing suitable treatment. WGS technique could be used to study the transmission 
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of C. difficile within Thailand, clarify the relatedness of strains within the same RT 

and characterise the mechanism of AMR. 

C. difficile epidemiological research in Thailand is in its infancy and a plethora of 

area remained unexplored. Future prevalence studies could investigate CDI in 

patients from multiple hospitals and aged care facilities. These could include 

investigation of asymptomatic carriage of C. difficile among humans in hospital 

(patients and hospital staff) and the community. The epidemiology of C. difficile in 

children is unique from that of adults. Young children in schools or childcare centres 

could be tested to investigate sources of CA-CDI.  

This is the very first investigation of C. difficile in animals and the environment of 

Thailand. Future studies could investigate the prevalence of C. difficile in pigs from 

intensive farms and in other animal species (e.g. calves, chickens and manure-fed 

fish). They could also include testing of a large range of retail food products to assess 

the food-borne transmission risk. Given that all of the strains isolated from piglets 

and the environment were non-toxigenic, future studies must employ culture or 

molecular methods that do not rely solely on toxin targets. Sows and piglets share the 

farrowing environment, which is often highly contaminated with spores. Future 

studies could investigate the reasons behind the higher prevalence of C. difficile 

among piglets born to higher parity or older aged sows. Understanding the 

transmission dynamics between sows and piglets would assist in control of CDI. 

Environmental contamination plays an important role in disease transmission. 

Sampling of high risk places e.g. healthcare facilities, childcare centres, farms and 

abattoirs could be conducted. The results could be used to assess the effectiveness of 

cleaning procedures.  

The significance of the high prevalence of non-toxigenic strains of C. difficile in 

Thailand requires further research. This could include an observational study that 

involves following asymptomatic carriers of toxigenic and non-toxigenic C. difficile 

overtime to measure differences in the prevalence and characteristics of CDI among 

the two groups. Additionally, similar to previous studies346,416, more trials could be 

conducted in humans and animals to investigate whether administration of non-

toxigenic C. difficile spores could reduce the severity of infection or prevent 

subsequent infection (e.g. via competitive exclusion or enhanced immunity). Last, 
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animal models could be used to investigate the frequency of and factors associated 

with the horizontal transfer of the PaLoc. 

6.8 Conclusions 

C. difficile is present in humans, animals and the environment of Thailand. The high 

prevalence of MDR strains indicates a pressing need for a heightened awareness of 

this pathogen as well as antibiotic stewardship. Education is the key to successful 

behavioural changes. Given the rampantly available antibiotics in the community and 

their frequent misuse within and outside of the hospitals, dissemination of knowledge 

should not be limited to healthcare professionals but be available to the general 

publics. Although not found in the present study, toxigenic C. difficile may be 

present in livestock and food products in Thailand. Only with further 

epidemiological studies and collaborative one-health efforts will we fully understand 

the magnitude of the impact that C. difficile has on the health and well-being of 

humans and animals in this country.   
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Appendices (as detailed on page xxv) 

Appendix 1 Case record form used in the study of CDI in humans in Thailand 

General information 

1.  Patient study ID  

2.  Date of admission in the ward (dd/mm/yy)   

3.  Sex (1: male, 2: female)  

4.  Date of birth (dd/mm/yy)  

5.  Date of stool collection (dd/mm/yy)   

6.  Clinically significant diarrhoea (CSD) definition used (1: ≥3 diarrhoeal 

bowel movements in the prior 24 h corresponding to Bristol stool chart 

grade 6-7, 2: ≥1 diarrhoeal bowel movement corresponding to Bristol 

stool chart grade 6-7 and associated with abdominal pain and/or 

cramping) 

 

7.  Did the patient receive a stool softener or laxative ≤48 h of stool 

collection? (1: yes, 2: no) 

 

8.  Albumin level ≤24 h of CSD, if available  

9.  Creatinine level ≤24 h of CSD, if available  

Medical history 

10.  Date of admission in the hospital (dd/mm/yy)   

11.  Primary admission diagnosis code (ICD10)  

12.  All secondary admission diagnosis code (ICD10)  

13.  Albumin level at admission, if available  

14.  Creatinine level at admission, if available  

15.  Provenance at index admission (1: home, 2: long term care facility, 3: 

hospital acute care)  

 

16.  History of hospitalisation in the last 12 weeks (1: yes, 2: no, 3: unknown)  

17.  History of mechanical ventilation since admission (1: yes, 2: no)  

18.  History of surgery in the last 12 weeks or since admission (1: yes, 2: no, 

3: unknown) 

 

19.  If yes to No. 18, type of surgery (1: neurosurgery, 2: head and neck 

surgery, 3: cardiac surgery, 4: other thoracic surgery, 5: gastrointestinal 

tract surgery, 6: hepatobiliary surgery, 7: urological surgery, 8: 

gynaecological surgery, 9: C-section or obstetric surgery, 10: orthopaedic 

surgery, 11: others, please specify) 

 



Medical history (continued)  

20.  If yes to No. 19, the surgery was elective (1: yes, 2: no)  

21.  Presentation of any concurrent or underlying gastrointestinal diseases (1: 

yes, 2: no, 3: unknown) 

 

22.  Antibiotic usage in the last 2 months (1: yes, 2: no)  

23.  If yes to No. 22, please specify  

Lifestyle information (1: yes, 2: no, 3: unknown) 

24.  History of contact with pets or farm animals in the past 3 months  

25.  History of contact with infants in the past 3 months  

26.  History of a regular visit to a long term care facility or hospital in the past 

3 months 

 

27.  History of food allergy  

Siriraj Hospital laboratory test results 

28.  Date of laboratory test (dd/mm/yy)   

29.  Routine laboratory test result (BD MAX Cdiff)  

30.  Other enteric pathogens identified by stool culture (1: yes, 2: no)  

31.  If yes to No. 30, please specify  

Diagnosis and management 

32.  Evidence of pseudomembranous colitis  

(PMC; 1: yes, 2: no, 3: unknown) 

 

33.  White blood cell count at diagnosis, if available  

34.  Surgical treatment for C. difficile infection (1: yes, 2: no)  

35.  Intensive care unit admission for C. difficile infection (1: yes, 2: no)  

36.  Medical management  

(1: no treatment, including only discontinuation of the offending 

antibiotic, 2: metronidazole 500 mg per oral (PO), every 8 h (q8h),  

3: vancomycin 125 mg PO q6h,  

4: vancomycin 500 mg PO q6h,  

5: options 2 and 3,  

6: options 2 and 4,  

7: option 4 and vancomycin per rectum,  

8: metronidazole PO and vancomycin per rectum, 

9: metronidazole 250 mg PO q6h, 

10: others, please specify) 

 

37.  Date of start of therapy (dd/mm/yy)  

38.  Estimated date of completion of therapy (dd/mm/yy)  



Diagnosis and management (continued)  

39.  Date of discharge from the hospital, if available (dd/mm/yy)  

40.  Patient’s outcome (1: resolved without PMC, 2: resolved after PMC, 3: 

resolved with related complications(s) other than PMC, 4: death)  

 

41.  Date of re-admission, if available (dd/mm/yy)  

42.  Date of death, if applicable (dd/mm/yy)  

  



Appendix 2 Farm questionnaire used in the study of C. difficile in Thai piglets and piggeries  

 

1.  Date of collection (dd/mm/yy)  

2.  Farm location  

3.  Farm ID  

4.  No. of sows  

5.  No. of boars  

6.  Farm type (1: farrow-to-finish, 2: farrow-to-nursery, 3: 

farrow-to-wean, 4: wean-to-finish, 5: finishing) 

 

7.  Previous history of unexplained scouring in piglet  

(1: yes, 2: no) 

 

8.  Current mortality rate, if available % 

9.  Onsite effluent treatment (1: yes, 2: no)  

10.  Treated effluent re-used within piggery (1: yes, 2: no)  

11.  Integrated system (1: yes, 2: no)  

12.  Other animals (e.g. equine, bovine, canine, poultry, etc.) 

kept in close proximity to the farrowing sheds  

(1: yes, 2: no) 

 

13.  If yes to No. 12, please specify  

14.  Antimicrobial use (1: yes, 2: no)  

15.  If yes to No. 14, please specify - general classes only  
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a b s t r a c t

Clostridium difficile is the aetiological agent in ca. 20% of cases of antimicrobial-associated diarrhoea in
hospitalised adults. Diseases caused by this organism range from mild diarrhoea to occasional fatal pseu-
domembranous colitis. The epidemiology of C. difficile infection (CDI) has changed notably in the past
decade, following epidemics in the early 2000s of PCR ribotype (RT) 027 infection in North America and
Europe, where there was an increase in disease severity and mortality. Another major event has been the
emergence of RT 078, initially as the predominant ribotype in production animals in the USA and Europe,
and then in humans in Europe. Although there have been numerous investigations of the epidemiology
of CDI in North America and Europe, limited studies have been undertaken elsewhere, particularly in
Asia. Antimicrobial exposure remains the major risk factor for CDI. Given the high prevalence of indis-
criminate and inappropriate use of antimicrobials in Asia, it is conceivable that CDI is relatively common
among humans and animals. This review describes the level of knowledge in Thailand regarding C. diffi-
cile detection methods, prevalence and antimicrobial susceptibility profile, as well as the clinical features
of, treatment options for and outcomes of the disease. In addition, antimicrobial usage in livestock in
Thailand will be reviewed. A literature search yielded 18 studies mentioning C. difficile in Thailand, a
greater number than from any other Asian country. It is possible that the situation in Thailand in relation
to CDI may mirror the situation in other developing Asians countries.

© 2014 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.

1. Introduction

Clostridium difficile is a Gram-positive, anaerobic, spore-forming
bacillus, the most common cause of antimicrobial-associated infec-
tious diarrhoea in hospitalised adults in the developed world [1].
Exposure to this organism may lead to asymptomatic gastrointesti-
nal tract infection, but it can also lead to symptoms ranging from
mild diarrhoea to severe colitis and, rarely, to pseudomembranous
colitis (PMC), toxic megacolon, intestinal perforation, sepsis and
death [2]. In addition to its role as a human pathogen, C. difficile is
also found commonly in the gastrointestinal tracts both of symp-
tomatic and asymptomatic animals. This gave rise to speculation
that animals may act as a reservoir of human infection [3]. Although
there have been numerous investigations of the epidemiology of C.
difficile infection (CDI) in North America and Europe, limited studies

∗ Corresponding author. Present address: Microbiology & Immunology, School of
Pathology & Laboratory Medicine, Queen Elizabeth II Medical Centre, Nedlands, WA
6009, Australia. Tel.: +61 8 6383 4355; fax: +61 8 9382 8046.

E-mail address: thomas.riley@uwa.edu.au (T.V. Riley).

have been undertaken elsewhere, particularly in Asia. Interestingly,
there are several publications regarding CDI in humans in Thailand,
however no work has been published on animals. This is despite
the high prevalence of antimicrobial usage in Thai livestock and
the fact that antimicrobial exposure is the major risk factor for
the acquisition of C. difficile [1]. Given the poorly controlled use
of antimicrobials in this country, it is conceivable that CDI is rela-
tively common both in humans and animals. The main purpose of
this review was to describe current knowledge of CDI in Thailand.
It will address recent trends in CDI epidemiology as well as antimi-
crobial usage in livestock and pig farming in relation to C. difficile
transmission. It is possible that the picture in Thailand in relation to
CDI may mirror the situation in other developing Asians countries.

2. Historical perspective and changing epidemiology

C. difficile was first described as part of the microflora of neonatal
meconium by Hall and O’Toole in 1935. The name Bacillus difficilis
was chosen to reflect its morphology and difficulty in culturing [4].
Although its toxigenic potential was known early, it was not until
1978 that the association of C. difficile with PMC was first recognised

http://dx.doi.org/10.1016/j.ijantimicag.2014.09.005
0924-8579/© 2014 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.
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[5]. Following this milestone, disease caused by C. difficile remained
largely underappreciated until the early 2000s when interest in CDI
increased owing to dramatic changes in CDI epidemiology.

The first of these resulted from the emergence of the PCR ribo-
type (RT) 027 strain of C. difficile in North America. This strain
caused epidemics initially in Canada and the USA, and later in
Europe [6,7]. Whole-genome sequencing and phylogenetic anal-
ysis of a global RT 027 collection revealed two lineages, both of
which had independently acquired an identical mutation in the
DNA gyrase subunit A gene leading to fluoroquinolone resistance
[6]. Disease associated with epidemic RT 027 C. difficile exhibited
increased morbidity and mortality, initially thought to be due to an
increase in toxin A and B production caused by an 18-bp deletion
in tcdC, the putative negative regulator for tcdA and tcdB [8,9], but
later shown to be specifically caused by a point mutation at position
117 [10].

A second important event has been the emergence of RT 078
as a significant cause of human infection. In 2007, RT 078 was the
predominant strain in piglets and calves in the USA [11]. In a multi-
national study involving 34 European countries, RT 078 was the
third most common ribotype causing disease in hospital patients
in Europe [12]. A recent study from The Netherlands reported no
single nucleotide polymorphism differences when whole-genome
sequencing data on RT 078 strains collected from a pig farmer
and pigs were compared [13]. As with RT 027, RT 078 produces
binary toxin, but has a 39-bp tcdC deletion and a point mutation
at position 184 that also leads to greater toxin A and B production
[14]. In addition, in contrast to infection caused by RT 027, which
is largely healthcare-associated and affects older (>65 years) peo-
ple, RT 078 is often associated with community-acquired cases and
affects previously low-risk, younger individuals [14,15]. Human
isolations of RT 078 in the USA have risen also [16,17]. Such findings
highlight the zoonotic potential of C. difficile and the possible role
that animals may play as a reservoir of infection outside healthcare
facilities.

In response to these recent events, an increasing number of
reports investigating CDI in North America and Europe has been
published, however studies in Asia remain limited.

3. Epidemiology of C. difficile in Asia

RT 027, which is still the major ribotype in North America [18],
has been reported only sporadically in Hong Kong, Japan, South
Korea, Singapore and, more recently, China [19–23]. Similarly, RT
078 has only been reported in South Korea and China [24,25]. The
ribotypes most commonly reported in Asia are RT 017, 018, 014,
002 and 001 [24–29]. These ribotypes are among the top ten most
commonly found ribotypes in Europe [30]. Of note, RT 017, which
is a toxin A-negative, toxin B-positive (A−B+) strain, is the predom-
inant strain in China and South Korea [24,25,31] and is prevalent
in Japan, Taiwan and Hong Kong [29,32–35]. This ribotype has also
caused epidemics in The Netherlands and Ireland [36,37] and is an
emerging ribotype in Australia [38].

Only one study investigating C. difficile in production animals
in Asia has been published, reporting a low prevalence of 0.8%
(2/250) among finishing pigs aged 13–27 weeks in Japan. One iso-
late was a toxin A−B+ strain, whilst another was PCR-negative for
both toxin genes. Analysis of the toxigenic isolate revealed partial
DNA sequence similarity to RT 017 [39].

4. Study of C. difficile in Thailand

A systematic search of PubMed yielded 15 papers mentioning
C. difficile and Thailand [40–54]. Three additional articles of a simi-
lar nature were obtained through a manual search of various Thai

databases [55–57]. Of the 18 studies mentioned, 9 described the
prevalence of C. difficile-associated diarrhoea (CDAD), 6 evaluated
C. difficile detection methods, 4 described clinical features of C.
difficile-associated disease and 2 investigated the susceptibility of
C. difficile to antimicrobials. Only two studies reported molecular
typing results using pulsed-field gel electrophoresis (PFGE), and no
data on circulating PCR ribotypes have been published. In addition,
there has been no work published on C. difficile in animals or the
environment in Thailand.

4.1. Prevalence of C. difficile

The first prevalence study was conducted in 1990 among inpa-
tients and outpatients of all ages at Siriraj, Ramathibodi and
Children’s Hospitals in Bangkok. The study reported an overall fae-
cal cytotoxin prevalence of 52.2% (106/203) in diarrhoeal stools
compared with 22.4% (17/76) in the control group [53]. By culture,
C. difficile was recovered from only 4.8% (13/269) of the diarrhoeal
group and 2.6% (3/114) of the controls. In infants aged 0–3 years old,
antimicrobial exposure appeared to be a risk factor for CDAD. Faecal
cytotoxin was detected at a higher frequency in antimicrobial-
treated (60.9%) compared with non-antimicrobial-treated infants
(50.5%) [53].

Following this first publication, a study was conducted to assess
the incidence of CDAD among adult patients (>15 years old) at Siri-
raj Hospital between 1991 and 1994 [46]. This study compared
patients who received either clindamycin or a �-lactam antimicro-
bial with non-antimicrobial-treated controls. Most patients who
received �-lactams were treated with ampicillin or cephalosporins
(cefazolin, cefotaxime, ceftriaxone and ceftazidime). No patient
had a history of diarrhoea, exposure to antimicrobials within
30 days prior to enrolment, underlying gastrointestinal illness,
granulocytopenia or diabetes mellitus. The incidence of diarrhoea
was not significantly different between the three groups, how-
ever toxin A was detected significantly more frequently (P = 0.004)
among clindamycin-treated (10.7%; 15/140) and �-lactam-treated
patients (10.0%; 14/140) than among the controls (1.4%; 2/140).
The overall prevalence of CDAD was also significantly higher in the
antimicrobial-treated groups (14.3%; 20/140) than in the controls
(0.7%; 1/140) (P = 0.02) [46]. The discrepancy between the preva-
lence of CDAD in the previous study (52.2%) compared with this
study may be due to differences in detection method used [tis-
sue culture cytotoxin assay in the first publication and toxin A
enzyme immunoassay (EIA) (TechLab, BioWhittaker) in the sec-
ond] or to differences in patient characteristics (84.8% of patients
in the first publication were aged between 0 and 3 years, whilst
the second publication only included >15 years old). However, the
fact that only 4.8% of the diarrhoeal group and 2.6% of controls
were culture-positive [53] suggests technical problems in either
the faecal cytotoxin test or the culture method.

Three studies published between 1998 and 2001 investigated
the prevalence of C. difficile among immunocompromised patients
[48,52,55]. The first of these detected faecal toxin A (TechLab,
Bio Whittaker) in 36.7% (11/30) of febrile neutropenic paediatric
oncology patients at Siriraj Hospital [55]. None of the patients in
the study had abdominal cramps or diarrhoea, suggesting that
asymptomatic colonisation was more likely. The second study
investigated C. difficile prevalence in a human immunodeficiency
virus (HIV)-positive cohort [52]. Significantly more faecal toxin
(Meridian PremierTM) was detected in HIV-positive diarrhoeal
patients (58.8%; 20/34) than in HIV-negative diarrhoeal patients
(36.5%; 99/271) (P = 0.012). Toxin A was detected in 12.6% (21/167)
of HIV-positive non-diarrhoeal patients. The study also reported
six different PFGE types among 11 isolates, which were designated
with internal nomenclature (types A–F). The third study investi-
gated the prevalence of enteric pathogens in diarrhoeal patients
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with acquired immunodeficiency syndrome (AIDS) at Siriraj and
Bamrasnaradura Hospitals. C. difficile toxin A was detected by EIA
(OxoidTM) in 15.6% (16/102) of HIV-positive patients [48].

In 2001, Wongwanich et al. investigated the prevalence of
C. difficile among asymptomatic children as well as adults with
antimicrobial-associated and non-antimicrobial-associated diar-
rhoea at Siriraj Hospital. Faecal specimens were cultured onto
cycloserine–cefoxitin–fructose agar and the presence of the tcdA
gene was confirmed with an in-house PCR [51]. C. difficile was
isolated from 11.9% (28/235) and 21.1% (16/76) of asymptomatic
infants (<12 months old) and children (1–11 years old), respec-
tively. The carriage rate in this study was higher than previously
observed in 1990 among 0–3-year-old infants (2.9%; 3/103) [53].
The discrepancy may be due to a true increase in prevalence, differ-
ences in detection method or differences in patient demography. All
but two isolates from infants and children were negative for tcdA. In
diarrhoeal adult patients, significantly more C. difficile was recov-
ered from stools of the antimicrobial-treated (41.7%; 20/48) than
the non-antimicrobial-treated group (15.5%; 13/84) (P < 0.001). The
tcdA gene was detected in 10 and 8 isolates of C. difficile from
the antimicrobial-treated and non-antimicrobial-treated groups,
respectively. As only the presence of tcdA was investigated, the
rest of the C. difficile isolates may have been non-toxigenic or toxin
A-negative strains. The tcdA gene was most prevalent among the
>60-year-old age group, although the difference compared with
other age groups was not significant (P = 0.287). The study reported
14 PFGE types and 8 subtypes among 77 C. difficile strains isolated
[51].

In 2003, researchers investigated the prevalence of C. difficile
among 284 patients admitted between January 2000 and May 2001
for suspected antimicrobial-associated diarrhoea at Siriraj Hospi-
tal. An additional 290 faecal specimens obtained from government
and private hospitals in Thailand were also included [54]. C. difficile
was isolated from 18.6% of patients (107/574). Of the 107 culture-
positive stools, 44.9% were tcdA- and tcdB-positive by PCR and 46.7%
were toxin A/B-positive by an EIA (Meridian Premier CytocloneTM).
Concordance between the two methods was observed in 97 stool
samples (90.6%). A similar albeit slightly higher prevalence of toxin
genes was reported when PCR was performed on the C. difficile iso-
lates (48.6%). Only one isolate was positive for tcdB but negative
for tcdA. The study also found that 13.1% of non-toxigenic isolates
(14/107) had a positive stool tcdA and tcdB result, suggesting pos-
sible co-infection with multiple strains of C. difficile [54].

In 2011, a retrospective study on inpatients (>14 years old) at
Siriraj Hospital from January–December 2008 was published [47].
The aim was to determine the prevalence, risk factors, treatments
and outcomes of nosocomially acquired CDAD. C. difficile toxins
A and B were detected in 12.3% (25/203) of diarrhoeal patients
by an immunochromatographic method (Remel Xpect®). Exposure
to antineoplastic drugs, multiple antimicrobials or proton pump
inhibitors, and haematological malignancy were independent risk
factors associated with development of CDAD. Most patients were
diagnosed by the detection of toxin in stool and seven by the pres-
ence of PMC on colonoscopy. Metronidazole was used to treat 82.3%
of the cases (74.5% response rate), whilst vancomycin was used only
in severe cases. Mortality due to CDAD was 3.2% (2/62) [47].

The most recent study was published in 2012. The aim was to
determine the prevalence of hospital-acquired CDAD in patients
(≥15 years old) at Ramathibodi Hospital [41]. Of 175 stool spec-
imens, 26.9% of patients were positive for C. difficile. These
included 12.6% who were positive for toxins A/B by EIA (VIDAS®;
bioMérieux) and 24% who were positive for tcdB by PCR. Concord-
ance between the two methods was 83.2%. Leukocyte counts of
>15,000 cell/mm3 and development of diarrhoea after ≥10 days
of antimicrobial administration were significantly associated with
CDAD. Mortality due to C. difficile was reported to be 6.4% [41].

In summary, the prevalence of CDAD in Thailand ranged
from 4.8% to 52.2%, depending on detection methods, patient
demography and exclusion criteria. Variations in these factors
make comparison of the data from various studies difficult. It
was noteworthy that most prevalence studies were conducted
among patients admitted at Siriraj Hospital, the biggest hospital in
Thailand with 2300 beds. Although this is not unexpected, given the
prominent role of the institution in providing healthcare services
in Thailand, further studies should be conducted at other health-
care facilities in order to obtain a more complete overview of the
prevalence of C. difficile in this country.

4.2. Evaluation of C. difficile detection methods used in Thailand

In the early 1990s, the National Institute of Health (NIH) of
Thailand published two studies evaluating a latex agglutination test
for detection of C. difficile toxin A (CD D-1) [43,49]. The findings
suggested that the assay was not specific for toxigenic C. difficile.
This was later confirmed by numerous studies which showed that
the kit did not detect toxin A but rather the glutamate dehydro-
genase (GDH) enzyme produced by all C. difficile and some other
species of bacteria [49,58,59]. A feature of many early studies in
Thailand was the use of a toxin A EIA as the sole method of C. diffi-
cile detection [42,45,46,48,55]. Given the high prevalence of RT 017
(a toxin A-negative strain) in this region [26] and the low sensitiv-
ity of EIA, widespread use of toxin A EIA alone is likely to have led
to an underestimation of the true prevalence.

In 2003, a study comparing the performance of toxin A/B EIA
(Meridian Premier CytocloneTM) and PCR for tcdA and tcdB in detec-
tion of C. difficile in culture-positive stool specimens reported a
good correlation between the two techniques [54]. Discordant
results occurred in only 9.3% of the samples (10/107) and may have
been due to the degradation of toxins during transportation or to
cross-reactions with C. sordellii toxin. In addition, 16.8% of toxi-
genic strains (18/107) were isolated from PCR-negative specimens,
possibly due to the presence of PCR inhibitors in the sample [54].
Such observations emphasise the importance of an appropriate and
timely way to transport specimens in resource-poor settings. A
similar study published in 2012 showed PCR for tcdB to be two-
fold more sensitive than a toxin A/B EIA (VIDAS®; bioMérieux) for
detecting C. difficile in stool specimens [41]. The discrepancies, how-
ever, may have been accounted for by the use of the least sensitive
commercially available EIA in this study [60].

The most recent study undertaken in Thailand [40] had three
main aims: (i) to develop and assess the sensitivity and specificity
of an in-house multiplex PCR for the detection of tcdA, tcdB, binary
toxin genes (cdtA/B) and the 16S rDNA gene; (ii) to optimise sam-
ple processing by enhancing spore germination; and (iii) to test
the efficacy of the optimised techniques in the detection of C. dif-
ficile in clinical specimens. When tested with multiple bacterial
species, the test appeared specific for C. difficile. It was also sensitive,
with a detection limit of 22 genomic copy numbers per reaction.
The optimal incubation condition was non-selective enrichment
at 37 ◦C for 1 h in brain–heart infusion broth supplemented with
sodium taurocholate. This had a detection limit of 5 spores/g of
faeces. The multiplex PCR was further compared against toxigenic
culture and toxin A/B EIA (VIDAS®; bioMérieux) using 238 faecal
samples collected from patients with suspected CDI. All samples
were positive for the 16S rDNA gene. Agreement between the three
methods was observed for 76.5% (182/238) of the samples. Using
toxigenic culture as the gold standard, concordance was observed
with PCR and EIA in 88.2% (210/238) and 86.6% (206/238) of the
samples, respectively [40]. Although the multiplex PCR exhibited
high sensitivity and specificity for tcdA and tcdB, the gel elec-
trophoresis image of various C. difficile PCR ribotypes suggested an
issue with primer design. The image shows multiple known binary
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toxin-negative PCR ribotypes to have positive binary toxin gene
PCR results (including RT 001, 020, 029, 046, 056, 070, 077, 095
and 106).

4.3. Antimicrobial susceptibility of C. difficile

Researchers from NIH Thailand published two studies in 1994
and 1996 investigating the antimicrobial susceptibility of C. difficile
strains isolated from Thai patients. The aim of the first study was
to assess the susceptibility of 28 C. difficile strains and 11 non-C.
difficile clostridia obtained from colitis and diarrhoeal patients to
16 antimicrobials [56]. The identity of presumptive C. difficile iso-
lates was confirmed by positive leucine arylamidase activity and
the presence of GDH enzyme by a latex agglutination test (CD D-1;
Mitsubishi Chemical Inc.). Using a broth-disc elusion technique, all
isolates were susceptible to carbenicillin, metronidazole and van-
comycin. Among other antimicrobials, piperacillin was most active
(4% resistance), followed by rifampicin, chloramphenicol, ticar-
cillin and penicillin, which showed intermediate activities (14–32%
resistance). A high degree of resistance (≥50%) was observed for
cefazolin, cefoperazone, tetracycline, erythromycin, clindamycin,
ampicillin, bacitracin and cefoxitin, the latter being the least active.
Twenty-seven antimicrobial resistance profiles were observed. All
but one isolate of C. difficile were resistant to two or more antimi-
crobials.

The second study evaluated the activity of four antimicrobials
against 38 strains of C. difficile isolated from patients with colitis
and diarrhoea [50]. Using Etest (AB BIODISK), the MIC90 values
(minimum inhibitory concentrations that inhibit 90% of the iso-
lates) of teicoplanin, vancomycin, metronidazole and clindamycin
were 0.5, 2.0, 0.5 and ≥256 �g/mL, respectively. According to the
Clinical and Laboratory Standards Institute (CLSI) MIC breakpoints
for each antimicrobial, all isolates were susceptible to teicoplanin,
vancomycin and metronidazole. Resistance to clindamycin was
observed in 39.5% of isolates. Teicoplanin appeared to be approx-
imately fourfold more potent than vancomycin, indicating its
potential as a therapeutic drug option. Consistent with the liter-
ature, there was no resistance to metronidazole or vancomycin,
which are currently recommended for treatment of CDI [61].

4.4. Clinical features, treatment and outcomes associated with C.
difficile infection in Thailand

From July 1993 to August 1994, 34 oncology patients at Chu-
lalongkorn Hospital developed diarrhoea and colitis following
administration of antineoplastic agents [45]. Diarrhoeal samples
from six patients tested positive for C. difficile toxin A by EIA
(Meridian PremierTM). Clinical records demonstrated gastrointesti-
nal malignancy to be the underlying illness in three patients,
and five were treated with 5-fluorouracil (5-FU). No patient had
received antimicrobials in the 6 weeks leading up to the onset
of diarrhoea. All patients developed moderate-to-severe diarrhoea
requiring hospitalisation and fluid replacement, with one patient
developing high fever (38.5 ◦C). Diarrhoea resolved after van-
comycin administration in three patients and without specific
treatment in others. All diarrhoeal episodes resolved within 4–10
days. The study demonstrated that 5-FU is a potential risk factor for
CDI and alerts physicians to consider C. difficile as an aetiological
agent of diarrhoea in oncology patients who have been exposed to
antineoplastic agents, with or without recent exposure to antimi-
crobials [45].

Later, a retrospective study was conducted to investigate risk
factors, clinical features, treatment and outcomes of patients with
CDAD at the same hospital [42]. All patients whose diarrhoeal
samples tested positive for C. difficile toxin A by EIA (OxoidTM)
between January 2002 and July 2005 were included. Of the 88

potential subjects, 56 patients aged 4 months to 93 years had acces-
sible medical records and were included in the analysis. Of these,
89.3% had an underlying disorder, with malignancies being the
most common (51.8%). All patients had been exposed to at least
one antimicrobial in the preceding 60 days, with cephalosporins
and carbapenems being most common, and 25 (44.6%) received
gastric suppressants (omeprazole or ranitidine) that were admin-
istered between 5 days and 170 days prior to the onset of diarrhoea.
Chemotherapeutic agents were used in 12 patients (21.4%) and
were administered between 5 days and 48 days prior to the diag-
nosis. Eight patients (14.3%) did not receive specific treatment and
only one of these showed clinical improvement. Among those who
received treatment, 38 (67.9%), 4 (7.1%) and 2 (3.6%) received oral
metronidazole, intravenous metronidazole and oral vancomycin,
respectively. Of 48 treated subjects, 32 (66.7%) showed clinical
improvement (diarrhoea resolution) within 11 days, 12 (25.0%) did
not show improvement and 2 (4.2%) had recurrent CDAD follow-
ing treatment with oral metronidazole. Of the 12 patients who did
not respond to the treatment, 4 did not discontinue the agent sus-
pected to cause CDAD. The all-cause mortality was 37.5% (21/56),
with none being a C. difficile-related death [42]. With oral metro-
nidazole as the main therapeutic drug, the response rate of 66.7%
was lower than the rate observed in studies published prior to 2002
[90% (Canada) to 98% (USA)] [62,63] but similar to more recent data
[74.3% (Canada) to 74.5% (Thailand) for metronidazole] [47,63].

The most recent study was published in 2013 with the aim of
describing the computed tomography (CT) features of patients with
clinically proven C. difficile colitis [44]. All patients hospitalised
at Siriraj Hospital between January 2006 and June 2009 who had
either a positive faecal toxin A/B by immunochromatographic assay
(Remel Xpect®) or endoscopically proven colitis were included.
Fifteen patients satisfied the criteria and had an appropriate CT
scan within 4 weeks of stool collection. Pancolonic wall thickening,
mild pericolonic stranding and accordion sign appeared to be the
key features of C. difficile-associated colitis [44]. CT is an attractive
option for patients with suspected C. difficile-associated colitis who,
due to the underlying conditions, cannot undergo colonoscopy.
Despite the small sample size, this study provided valuable infor-
mation to assist physicians in clinical diagnosis.

In summary, the risk factors, clinical features, treatment and
observed outcomes were similar to those reported in the existing
literature from developed countries.

5. Antimicrobial usage in Thai livestock and patients

As with humans, antimicrobial exposure is the major risk factor
for CDI in animals [64]. In Thailand, there appears to be widespread
use of antimicrobials both in the livestock and aquaculture sec-
tors. Animal drugs manufactured in Thailand rose almost four-fold
between 1996 and 2005 [65]. Reports from the Thai Drug Control
Division indicated that tetracyclines, macrolides, trimethoprim,
aminoglycosides and penicillins were the most used drugs in food
animals [66]. Despite efforts by the Department of Livestock Devel-
opment and Ministry of Agriculture and Cooperatives to control and
monitor antibiotic usage, inappropriate use of antibiotics by small-
to medium-scale farmers remains common [67]. This is partly
due to the limited financial resources available to farmers, which
leads them to accessing cheap and often inappropriate antimicro-
bials. Owing to under-reporting of use, data regarding antimicrobial
usage may be an under-representation of the true prevalence [67].

In 2007, a study was conducted among 101 broiler farms
(700–18,000 broilers per farm) in Songkhla, Thailand, with the
aim of documenting the pattern and determinants of antimicro-
bial usage [66]. Researchers found that antimicrobials were used
by all farms for prophylactic purposes. The drugs most commonly
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used were enrofloxacin, amoxicillin, doxycycline, colistin and rox-
ithromycin. The combination of amoxicillin and enrofloxacin was
the most frequently used. Ninety-five percent of small-scale farms
were controlled by a few large enterprises, and their choice of
antimicrobial depended on their employer or the contracting body
[66]. In dairy farms, cloxacillin appeared to be the most used antimi-
crobial, comprising >80% of the intramammary drugs being sold
in Northern Thailand. Other antimicrobials used to treat gastroin-
testinal illnesses in cattle include trimethoprim/sulfamethoxazole,
tetracycline and gentamicin [65].

Antimicrobials were also used extensively in the aquaculture
industry. A survey to determine the use of chemical and biologi-
cal products in 76 shrimp farms from three major farming areas
in Thailand [68] reported the use of at least one antimicrobial by
74% of the farmers. The drugs were often incorporated into the feed
and were used for prophylactic and therapeutic (e.g. against Vibrio
infection) purposes. The classes of antimicrobial most frequently
used included fluoroquinolones (e.g. norfloxacin, enrofloxacin),
tetracyclines (e.g. oxytetracycline) and sulfonamides. Use of chlor-
amphenicol in animal feed is prohibited in Thailand. As there is no
legislation on the use of antimicrobials in aquaculture, a Code of
Conduct containing recommendations and guidelines for shrimp
farming was developed by the Department of Fishery and Thai
Marine Farmers Association. Very few farmers included in the
study knew of its existence [68]. These findings strongly suggest
that more educational programmes must be carried out, together
with the implementation of such guidelines, in order for any
changes to be realised.

This issue is not limited to animals but also occurs for human
antimicrobial use. In 1990, a study conducted in Siriraj Hospital
to evaluate the level of irrational antimicrobial usage showed that
only 8.8% of prescriptions (27/307) were appropriate, with the main
reason for misuse being use without evidence of infection (35.8%;
110/307) [69]. Antimicrobials were routinely administered before
test results became available and as prophylaxis in those with-
out symptoms [69]. These included cephalosporins (11%; 71/655),
which have relatively high attributable risk for CDAD [70]. In the
community, pharmacists are authorised to sell most antimicro-
bials (intended for human use) without the need for a prescription.
This practice creates settings where misuse is the likely outcome,
particularly in rural areas where exposure to livestock is more
common. Collective efforts both from the public and healthcare
sectors are essential in reducing indiscriminate and inappropri-
ate antimicrobial use, which will assist in lowering the spread of
antimicrobial-resistant bacteria [65].

6. Thai swine industry in relation to C. difficile

Prior to 1960, the swine industry in Thailand consisted mainly
of small-scale farmers. The four main native breeds, often raised in
backyards, include Kwai, Raad, Phung and Hainan [71]. Although
native breeds are more resilient and well adapted to the hot and
humid climate in Thailand, they grow slowly (ca. 180–350 g/day),
have a low reproductive rate (ca. 6–8 pigs/litter) and produce
low-protein and high-fat content meat [71,72]. In the 1960s, the
Department of Livestock Development imported exotic breeds
from the UK (Large Whites, Tamworth and Berkshire) and the USA
(Landrace and Duroc Jersey). These breeds were cross-bred with
the native pigs to produce offspring with desirable qualities [73].
Since the 1980s, armed with a genetically improved breed, inten-
sive swine operations in Thailand (>1000 sows and/or finishing
pigs) have increased in number [71].

C. difficile is an important enteric pathogen of pigs, causing
diarrhoea in piglets [30]. The PCR ribotype most commonly found
among pigs in North America and Europe is RT 078 [11,74,75]. In

Australia, RT 078 has not been documented among pig herds [76].
Since pigs in commercial farms in Thailand originally came from
North America or Europe [77], C. difficile distribution in commercial
herds may be similar to that of the origin of the animals.

Integrated livestock–fish farming systems are commonly used
throughout Southeast Asia, including Thailand. The main feature of
these systems is the use of manure from livestock, including pigs,
chickens and ducks, as fish feed [78]. Such practices have implica-
tions for the transmission of animal pathogens, including C. difficile,
which is transmitted faeco-orally. Although there is a clear trend
towards intensive farming [79], backyard-style free-range farming
systems and the livestock–fish integrated farming systems are still
prevalent in many parts of Thailand [80,81]. Animals, including pigs
and poultry, can act as a reservoir of infection for C. difficile in the
community and further study is warranted.

7. Conclusions

As described, there is very little information regarding the epi-
demiology of C. difficile in humans, animals and the environment in
Thailand. Given the high level of indiscriminate and inappropriate
use of antimicrobials both in humans and animals in this region, it
is highly probable that CDI is relatively common. Despite this, the
level of awareness among Thai physicians is extremely low, and
current diagnostic procedures and typing methods are not opti-
mum. Even lower levels of awareness exist among veterinarians
and farmers. As such, it is essential that more surveillance of C. dif-
ficile is done both in hospital and community settings to elucidate
its epidemiology. More study should also be done to investigate
the molecular characteristics and antimicrobial susceptibility pro-
files of Thai C. difficile isolates. This information will not only assist
physicians in patient management and infection control, it may
also improve livestock quality and hence the economic fortunes of
farmers.
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Summary

The Becton Dickinson (BD) PCR-based GeneOhm Cdiff
assay has demonstrated a high sensitivity and specificity
for detecting Clostridium difficile. Recently, the BD Max plat-
form, using the same principles as BD GeneOhm, has
become available in Australia. This study aimed to investigate
the sensitivity and specificity of BD Max Cdiff assay for the
detection of toxigenic C. difficile in an Australian setting.
Between December 2013 and January 2014, 406 stool speci-
mens from 349 patients were analysed with the BD Max Cdiff
assay. Direct and enrichment toxigenic culture were per-
formed on bioMérieux ChromID C. difficile agar as a refer-
ence method. isolates from specimens with discrepant results
were further analysed with an in-house PCR to detect the
presence of toxin genes. The overall prevalence of toxigenic
C. difficile was 7.2%. Concordance between the BD Max
assay and enrichment culture was 98.5%. The sensitivity,
specificity, positive predictive value and negative predictive
value for the BD Max Cdiff assay were 95.5%, 99.0%, 87.5%
and 99.7%, respectively, when compared to direct culture,
and 91.7%, 99.0%, 88.0% and 99.4%, respectively, when
compared to enrichment culture. The new BD Max Cdiff
assay appeared to be an excellent platform for rapid and
accurate detection of toxigenic C. difficile.

Key words: BD Max Cdiff assay, C. Diff Chek-60, Clostridium difficile,

nucleic acid amplification test, toxigenic culture.
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INTRODUCTION

Clostridium difficile is the most important cause of hospital-
associated infectious diarrhoea in the developed world, impli-
cated as an aetiological agent in 20% of the antibiotic-associated
diarrhoeal cases.1 The two major virulence factors mediating the
pathogenesis of C. difficile infection are toxins A and B.1

Currently, toxigenic culture or faecal cytotoxicity assays are
regarded as ‘gold standards’ for the diagnosis of C. difficile
infection; however, these methods are time consuming (at least
24 h), and require expertise and specialised equipment. There-
fore, their application is largely confined to the reference labora-
tory.2 Toxin enzyme immunoassay (EIA) is a method for
detecting C. difficile that is relatively quick but it has the
disadvantage of lacking sensitivity.3 Accurate and rapid

detection of toxigenic C. difficile is necessary for infection control
and patient management, however the task remains a challenge.

In 2008, the first United States Food and Drug Adminis-
tration (US FDA) approved, nucleic acid based diagnostic test
for C. difficile became commercially available.4 The BD
GeneOhm Cdiff assay is a real-time polymerase chain reaction
(PCR) based technique, which consists of primers specific for a
region of the toxin B (tcdB) gene and internal controls. The
amplicons are detected with molecular beacon probe. The
initial sample preparation is done manually, followed by an
automated DNA amplification and detection, and data
interpretation with Cepheid’s SmartCycler platform.5 The
entire process takes approximately 2–3 h.6,7 Studies have
reported the BD GeneOhm assay to have a high sensitivity,
specificity, positive predictive value (PPV) and negative pre-
dictive value (NPV) of 83.6–95.5%, 97.7–99.7%, 83.8–97.7%
and 97.1–99.4%, respectively, when compared to toxigenic
culture.6–9

In 2013, a new diagnostic tool produced by BD Diagnostics
was approved by the US FDA. The BD Max Cdiff assay
performs on the same principle and targets the same tcdB
sequence as BD GeneOhm. However, the assay uses Taq
Man as the hybridisation probe, BD Max as the data analysis
platform and a different internal control (‘specimen processing
control’). The advantages of BD Max over BD GeneOhm
include it being a fully automated procedure, which reduces
the sample processing time from 40 to 10 min per 10 samples.9

BD Max also has higher maximum capacity (24 as opposed to
14 specimens) and is able to be manipulated to perform an in-
house PCR.9,10 The few published studies evaluating the
performance of the BD Max assay against toxigenic culture
have shown a high sensitivity, specificity, PPV and NPV of
94.0–97.7%, 97.9–99.7%, 88.7–97.7% and 98.9–99.7%,
respectively.9,11,12

As there have been limited studies of the BD Max Cdiff
assay world-wide, and none in Australia, we aimed to inves-
tigate its sensitivity and specificity for the detection of
toxigenic C. difficile in human stool samples in an Australian
setting.

MATERIALS AND METHODS

Between December 2013 and January 2014, a total of 406 stool specimens from

349 patients were obtained from PathWest Laboratory Medicine microbiology
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laboratories at Royal Perth Hospital, Fremantle Hospital, and Sir Charles

Gairdner Hospital. Samples were stored at 48C and processed within 24 h of

their arrival. Only the first specimen from the patient and any subsequent

specimens collected more than 14 days later were included in the analysis.

All samples were analysed with BD Max Cdiff assay (BD Diagnostic, USA)

and C. Diff Chek-60 (Alere, France), an EIA designed to detect glutamate

dehydrogenase (GDH), an enzyme that is produced by all C. difficile.13 Both

tests were performed according to the manufacturer’s instructions. As a refer-

ence method, toxigenic culture was performed by direct plating onto ChromID

C. difficile agar (bioMérieux, France).14 In addition, enrichment in cooked meat

broth supplemented with gentamicin, cefoxitin and cycloserine was under-

taken.15 Taurocholic acid was added to the enrichment broth as a germinant

and, after incubation, broths were alcohol shocked and plated onto ChromID C.

difficile agar. All agar plates were incubated in an A35 anaerobe chamber (Don

Whitley Scientific, Australia) for up to 48 h. Presumptive C. difficile colonies on

ChromID agar were subcultured onto pre-reduced blood agar plates and colonies

identified by morphology, horse-dung odour and fluorescence chartreuse (yel-

low-green) under 360 nm UV light. The identity of ambiguous colonies was

further confirmed with Gram staining and L-proline amino peptidase test.

Isolates from specimens with discrepant results were further screened with an

in-house PCR for the presence of toxin A (tcdA)16 and toxin B (tcdB) genes,17

binary toxin (cdtA and cdtB) genes18 and for changes in repeating region of

tcdA.16 PCR products were run on QIAxcel capillary electrophoresis platform

and visualised on QIAxcel ScreenGel software (Qiagen, Germany). BD Max

negative/culture positive isolates that gave positive results with an in-house PCR

were deemed false negatives on BD Max, while isolates that gave negative

results with an in-house PCR were removed from the analysis (non-toxigenic

isolates).

RESULTS

After removing the duplicate specimens (n¼ 55), specimens
with inconclusive BD Max results (n¼ 7), and specimens with
non-toxigenic C. difficile as determined by an in-house PCR
(n¼ 10), 334 of 406 samples remained for analysis. When
tested with the BD Max Cdiff assay, 7.5% (25/334) and 92.5%
(309/334) of the samples were positive and negative, respect-
ively (Table 1). When tested with C. Diff Chek-60, 6.3% (21/
334) and 93.7% (313/334) of the specimens were positive and
negative for GDH, respectively. By culture, 6.6% (22/334) of
the specimens were positive via direct plating, while 0.6% (2/
334) of the specimens grew C. difficile only after the enrich-
ment procedure (Table 1). The overall prevalence of toxigenic
C. difficile was 7.2% (24/334). Concordance between direct or
enrichment culture and the two assays occurred for 97.9% (327/
334) of the specimens. Concordance between the BD Max Cdiff
assay and enrichment culture occurred in 98.5% (329/334) of
the specimens.

The sensitivity, specificity, PPV and NPV of C. Diff Chek-60
were 95.5%, 100.0%, 100.0% and 99.7%, respectively, when
compared to direct culture, and 87.5%, 100.0%, 100.0% and

99.0%, respectively, when compared to enrichment culture.
With direct culture as a gold standard, the sensitivity, speci-
ficity, PPV, NPV and likelihood ratio (LR) of BD Max Cdiff
assay were 95.5%, 99.0%, 87.5%, 99.7% and 98.6%, respect-
ively (Table 2). When two additional specimens that were
positive only after enrichment culture were included in the
analysis, the sensitivity, specificity, PPV, NPV and LR of BD
Max Cdiff assay were, 91.7%, 99.0%, 88.0%, 99.4% and
94.7%, respectively (Table 2).

DISCUSSION

Clostridium difficile infection accounts for approximately 20%
of antibiotic-associated infectious diarrhoea in the developed
world.1 For healthcare services to be able to provide treatment to
the right patient in an appropriate and timely manner, a rapid and
accurate diagnostic tool is essential. In the current study, the
performance of BD Max Cdiff assay in detecting toxigenic C.
difficile was evaluated against toxigenic culture. After removing
55 duplicates from 406 specimens obtained, the discordance
between two assays occurred in 6.3% (22/351). Among these, 12
(3.4%) were BD Max negative but culture positive. Further
examination of these isolates with an in-house PCR indicated
that 10 were non-toxigenic C. difficile and this explained the lack
of detection by the BD Max Cdiff assay, which targets tcdB. Of
the two false negatives observed, one was culture positive via
enrichment. Possible explanations for this include the presence of
dormant spores, which only germinated following enrich-
ment incubation with taurocholic acid, a spore germinant.19

Additionally, the presence of aberrant or mutated tcdB, which

Table 1 A comparison of assay results for the BD Max Cdiff assay, C. Diff

Chek-60 and toxigenic culture*

BD Max
Cdiff assay

C. Diff
Chek-60 (GDH)

Toxigenic
culture (% direct) No. specimens

Neg Neg Neg 307
Neg Neg Pos (0%) 1
Neg Pos Pos (100%) 1
Pos Neg Neg 3
Pos Neg Pos (50%) 2
Pos Pos Pos (100%) 20
Total 334

* Duplicate specimens (n¼ 55), specimens with indeterminate BD Max
results (n¼ 7) and specimens with non-toxigenic C. difficile (n¼ 10) were
not included in the table.
GDH, glutamate dehydrogenase; Neg, negative; Pos, positive.

Table 2 BD Max performance characteristics using toxigenic culture as the gold standard

Culture method

n % (95% CI)

TP FP FN TN* Sensitivity Specificity PPV NPV LR

Direct{ 21 3 1 307 95.5 (77.2–99.9) 99.0 (97.2–99.8) 87.5 (67.6–97.3) 99.7 (98.2–100.0) 98.6
Enrichmentz 22 3 2 307 91.7 (73.0–99.0) 99.0 (97.2–99.8) 88.0 (68.8–97.5) 99.4 (97.7–99.9) 94.7

* TP and TN are specimens with positive and negative results, respectively, for both toxigenic culture and BD Max assay. FP are specimens with negative
toxigenic culture but positive BD Max assay results. FN are specimens with positive toxigenic culture but negative BD Max assay results.
{ Only direct culture positive specimens were included in the analysis (n¼ 332).
zBoth direct and enrichment culture positive specimens were included in the analysis (n¼ 334).
CI, confidence interval; LR, likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.
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render it unrecognisable by BD Max primers, may have con-
tributed to this discordance. The possibility of variant tcdB
isolates was not investigated in this study. Additionally, three
specimens (0.9%) were BD Max positive but GDH and culture
negative. The positive results may due to BD Max assay
detecting the DNA of dead bacteria present in stools following
antibiotic treatment. However, as the history of antibiotic usage
was not available, this could not be evaluated. Other expla-
nations for culture negativity include the presence of viable but
non-culturable C. difficile and a low bacterial load in stool,
which may be resolved by repeat sampling.

According to BD Diagnostics, results obtained from BD Max
Cdiff assay may include positive, negative, unresolved, inde-
terminate and incomplete. The positive, negative and unre-
solved results are based on the amplification status of the target
sequence or the internal control, and the indeterminate or
incomplete results are due to BD Max system failure.20 In this
study, four and three specimens were unresolved and indeter-
minate, respectively. All seven specimens (2.0%) were GDH
and culture negative. Similar observations were reported by
Stamper et al.8 and Barbut et al.,7 who found 0.7% (3/401) and
7.3% (22/300) of unresolved cases, respectively, all of which
were negative for cytotoxicity assay and toxigenic culture. The
explanation for unresolved results is unclear but may include
the presence of PCR inhibitory substances in stool samples.

After removing duplicates, specimens with inconclusive BD
Max results and those with non-toxigenic C. difficile, the
performance of BD Max Cdiff assay was assessed. The assay
had a high sensitivity, specificity, PPV and NPV (95.5%,
99.0%, 87.5% and 99.7%, respectively) comparable to that
previously reported for BD GeneOhm (83.6–95.5%, 97.7–
99.7%, 83.8–97.7% and 97.1–99.4%, respectively).6–9 The
results were similar to the previously reported sensitivity,
specificity, PPV and NPV figures for BD Max (94.0–97.7%,
97.9–99.7%, 88.7–97.7% and 98.9–99.7%, respect-
ively).9,11,12

Using direct culture as a gold standard, we found the sensi-
tivity of C. Diff Chek-60 to be 95.5%. This is comparable to that
reported previously (93.0–94.0%).21–23 The sensitivity
decreased to 87.5% when compared with enrichment culture,
a result more closely resembling that reported by Zheng et al.
(71.0%);23,24 however, they assessed C. Diff Chek-60 against
direct culture method. The reasons for this difference are unclear.

Not surprisingly, the sensitivity of the BD Max assay
dropped slightly (95.5% to 91.7%) when enrichment culture
positive specimens were included in the analysis. This is
because half the enrichment culture positive specimens in this
study were BD Max (and GDH) negative (1/2). The presence of
dormant C. difficile spores in stool samples may explain the
observed discrepancies as previously suggested. The high NPV
of BD Max assay (99.7%) indicates its suitability as a first-line
screening tool in diagnostic settings, which allows physicians to
quickly exclude C. difficile as a possible aetiological agent.

A large prospective observational study conducted to evalu-
ate the association between results of C. difficile testing and
clinical outcomes suggested that poorer clinical outcomes
correlated with the presence of pre-formed toxin (positive
cytotoxin assay) as opposed to C. difficile with toxigenic
potential (positive toxigenic culture but negative cytotoxin
assay).25 To improve diagnostic test accuracy, the study recom-
mended a multistep algorithm. This involves the use of a highly
sensitive, first-stage test to detect C. difficile, followed by a
second more specific test, which detects the presence of free

toxin, and identifies the true cases of C. difficile infection.25 By
using this algorithm, the second test needs to be performed only
on a small number of samples. The initial screening step also
increases the prevalence of true positive cases, resulting in an
increase in the PPV of the second test. The BD Max assay
appears to be suitable for use as part of such an algorithm.

The cost of the BD Max Cdiff assay is approximately AU$20
per sample; however, the exact cost depends on the ordering
volume. This assay is currently being used routinely at Path-
West Laboratory Medicine, WA, as the sole method of C.
difficile detection. Prior to the introduction of the BD Max
assay, an algorithm involving initial screening of samples with
a GDH EIA (approximately AU$6.50 per sample) was used.
Only GDH positive samples (approximately 20%) were further
tested with the BD GeneOhm assay for the presence of tcdB at a
cost of approximately AU$30 per sample, again with the exact
cost dependent on volume. Thus on initial scrutiny there
appears to be no economic advantages to the BD Max Cdiff
assay. However, the hands-on time required for the BD Max
Cdiff assay was approximately 30 min per 24 samples com-
pared to approximately 3 h for the same number of samples
using BD GeneOhm. The shift to the BD Max Cdiff assay has
greatly reduced the waiting time associated with initial screen-
ing of samples with the GDH EIA (50 min). Therefore, using
the BD Max Cdiff assay significantly improved the work flow
in the diagnostic laboratory. Although the clinical impact of
detecting additional cases of C. difficile with toxigenic potential
(toxin gene positive isolates) is unclear, the improved workflow
and the shorter time to results notification will assist physicians
in decision making processes.

The high accuracy, higher sample capacity (as compared to
BD GeneOhm), and the ability to perform in-house PCR are
some features that make BD Max Cdiff assay desirable as a
rapid molecular diagnostic test. Furthermore, as the procedure
to perform the BD Max Cdiff assay is relatively simple, the
laboratory may reduce costs associated with staff training. The
short turnaround time will also increase efficiency and work-
flow within the laboratory. In conclusion, BD Max Cdiff assay
appeared to be a suitable first-line diagnostic tool for rapid and
accurate detection of toxigenic C. difficile.

Acknowledgements: We thank staff at PathWest Laboratory
Medicine microbiology laboratories at Royal Perth Hospital,
Fremantle Hospital and Queen Elizabeth II Medical Centre for
their assistance.

Conflicts of interest and sources of funding: The authors state
that there are no conflicts of interest to disclose.

Address for correspondence: Professor Thomas V. Riley, Microbiology and

Immunology, School of Pathology and Laboratory Medicine, Queen Elizabeth,

II Medical Centre, Nedlands, WA 6009, Australia. E-mail: thomas.riley@

uwa.edu.au

References
1. Jawa RS, Mercer DW. Clostridium difficile-associated infection: a disease

of varying severity. Am J Surg 2012; 204: 836–42.
2. Bassetti M, Villa G, Pecori D, et al. Epidemiology, diagnosis and treatment

of Clostridium difficile infection. Expert Rev Anti Infect Ther 2012; 10:
1405–23.

3. Alcala L, Sanchez-Cambronero L, Catalan MP, et al. Comparison of three
commercial methods for rapid detection of Clostridium difficile toxins A
and B from fecal specimens. J Clin Microbiol 2008; 46: 3833–5.

DETECTION OF C. DIFFICILE 167



Copyright © Royal College of pathologists of Australasia. Unauthorized reproduction of this article is prohibited.

4. US Food and Drug Administration. Nucleic acid based tests. 17 Jun 2014;
cited Sep 2014. http://www.fda.gov/medicaldevices/productsandmedicalpro-
cedures/invitrodiagnostics/ucm330711.htm

5. BD Diagnostics. BD GeneOhm Cdiff Assay. 17 Dec 2008; cited Sep 2014.
http://www.accessdata.fda.gov/cdrh_docs/pdf8/K081920.pdf

6. Viala C, Le Monnier A, Maataoui N, et al. Comparison of commercial
molecular assays for toxigenic Clostridium difficile detection in stools: BD
GeneOhm Cdiff, XPert C. difficile and Illumigene C. difficile. J Microbiol
Methods 2012; 90: 83–5.

7. Barbut F, Braun M, Burghoffer B, et al. Rapid detection of toxigenic strains
of Clostridium difficile in diarrheal stools by real-time PCR. J Clin
Microbiol 2009; 47: 1276–7.

8. Stamper PD, Alcabasa R, Aird D, et al. Comparison of a commercial real-
time assay for tcdB detection to a cell culture cytotoxicity assay and
toxigenic culture for direct detection of toxin-producing Clostridium
difficile in clinical samples. J Clin Microbiol 2009; 47: 373–8.

9. Le Guern R, Herwegh S, Grandbastien B, et al. Evaluation of a new
molecular test, the BD Max Cdiff, for detection of toxigenic Clostridium
difficile in fecal samples. J Clin Microbiol 2012; 50: 3089–90.

10. Verhoeven PO, Carricajo A, Pillet S, et al. Evaluation of the new CE-IVD
marked BD MAX Cdiff Assay for the detection of toxigenic Clostridium
difficile harboring the tcdB gene from clinical stool samples. J Microbiol
Methods 2013; 94: 58–60.

11. Leitner E, Einetter M, Grisold AJ, et al. Evaluation of the BD MAX Cdiff
assay for the detection of the toxin B gene of Clostridium difficile out of
faecal specimens. Diagn Microbiol Infect Dis 2013; 76: 390–1.

12. Dalpke AH, Hofko M, Zorn M, et al. Evaluation of the fully automated BD
MAX Cdiff and Xpert C. difficile assays for direct detection of Clostridium
difficile in stool specimens. J Clin Microbiol 2013; 51: 1906–8.

13. Lyerly DM, Barroso LA, Wilkins TD. Identification of the latex test-
reactive protein of Clostridium difficile as glutamate dehydrogenase.
J Clin Microbiol 1991; 29: 2639–42.

14. Carson KC, Boseiwaqa LV, Thean SK, et al. Isolation of Clostridium difficile
from faecal specimens-a comparison of ChromID C. difficile agar and
cycloserine-cefoxitin-fructose agar. J Med Microbiol 2013; 62: 1423–7.

15. Bowman RA, Riley TV. Laboratory diagnosis of Clostridium difficile-
associated diarrhoea. Eur J Clin Microbiol Infect Dis 1988; 7: 476–84.

16. Kato N, Ou CY, Kato H, et al. Identification of toxigenic Clostridium
difficile by the polymerase chain reaction. J Clin Microbiol 1991; 29:
33–7.

17. Kato H, Kato N, Watanabe K, et al. Identification of toxin A-negative, toxin
B-positive Clostridium difficile by PCR. J Clin Microbiol 1998; 36: 2178–
82.

18. Stubbs S, Rupnik M, Gibert M, et al. Production of actin-specific ADP-
ribosyltransferase (binary toxin) by strains of Clostridium difficile. FEMS
Microbiol Lett 2000; 186: 307–12.

19. Wilson KH. Efficiency of various bile salt preparations for stimulation
of Clostridium difficile spore germination. J Clin Microbiol 1983; 18:
1017–9.

20. BD Diagnostics. BD MAX Cdiff Assay. 28 Mar 2013; cited Sep 2014.
http://www.accessdata.fda.gov/cdrh_docs/pdf13/K130470.pdf.

21. Fenner L, Widmer AF, Goy G, et al. Rapid and reliable diagnostic algorithm
for detection of Clostridium difficile. J Clin Microbiol 2008; 46:
328–30.

22. Snell H, Ramos M, Longo S, et al. Performance of the TechLab C. DIFF
CHEK-60 enzyme immunoassay (EIA) in combination with the C. difficile
Tox A/B II EIA kit, the Triage C. difficile panel immunoassay, and a
cytotoxin assay for diagnosis of Clostridium difficile-associated diarrhea. J
Clin Microbiol 2004; 42: 4863–5.

23. Crobach MJ, Dekkers OM, Wilcox MH, et al. European Society of Clinical
Microbiology and Infectious Diseases (ESCMID): data review and recom-
mendations for diagnosing Clostridium difficile-infection (CDI). Clin
Microbiol Infect 2009; 15: 1053–66.

24. Zheng L, Keller SF, Lyerly DM, et al. Multicenter evaluation of a new
screening test that detects Clostridium difficile in fecal specimens. J Clin
Microbiol 2004; 42: 3837–40.

25. Planche TD, Davies KA, Coen PG, et al. Differences in outcome according
to Clostridium difficile testing method: a prospective multicentre diagnostic
validation study of C. difficile infection. Lancet Infect Dis 2013; 13:
936–45.

168 PUTSATHIT et al. Pathology (2015), 47(2), February

http://www.fda.gov/medicaldevices/productsandmedicalprocedures/invitrodiagnostics/ucm330711.htm
http://www.fda.gov/medicaldevices/productsandmedicalprocedures/invitrodiagnostics/ucm330711.htm
http://www.accessdata.fda.gov/cdrh_docs/pdf8/K081920.pdf
http://www.accessdata.fda.gov/cdrh_docs/pdf13/K130470.pdf


ARTICLE

Clostridium difficile infection diagnosis in a paediatric population:
comparison of methodologies

J. Hart & P. Putsathit & D. R. Knight & L. Sammels &
T. V. Riley & A. Keil

Received: 19 February 2014 /Accepted: 2 April 2014 /Published online: 30 April 2014
# Springer-Verlag Berlin Heidelberg 2014

Abstract The increasing incidence of Clostridium difficile
infection (CDI) in paediatric hospitalised populations, com-
bined with the emergence of hypervirulent strains,
community-acquired CDI and the need for prompt treatment
and infection control, makes the rapid, accurate diagnosis of
CDI crucial. We validated commonly used C. difficile diag-
nostic tests in a paediatric hospital population. From October
2011 to January 2012, 150 consecutive stools were collected
from 75 patients at a tertiary paediatric hospital in Perth,
Western Australia. Stools were tested using: C. Diff Quik
Chek Complete, Illumigene C. difficile, GeneOhm Cdiff,
cycloserine cefoxitin fructose agar (CCFA) culture, and cell
culture cytotoxin neutralisation assay (CCNA). The reference
standard was growth on CCFA or Cdiff Chromagar and PCR
on isolates to detect tcdA, tcdB, cdtA, and cdtB. Isolates were
PCR ribotyped. The prevalence of CDI was high (43 % of
patients). Quik Chek Complete glutamate dehydrogenase
(GDH) demonstrated a low negative predictive value (NPV)
(93 %). Both CCNA and Quik Chek Complete toxin A/B had
poor sensitivity (33 % and 29 % respectively). Molecular
methods both had 89 % sensitivity. Algorithms using GDH
+ Illumigene or GeneOhm reduced the sensitivity to 85 % and
83 % respectively. Ribotype UK014/20 predominated. GDH
NPVand GeneOhm and Illumigene sensitivities were reduced

compared with adult studies. Quik Chek Complete and
CCNA cannot reliably detect toxigenic CDI. A GDH first
algorithm showed reduced sensitivity. In a high prevalence
paediatric population, molecular methods alone are recom-
mended over the use of GDH algorithm or culture and
CCNA, as they demonstrate the best test performance
characteristics.

Introduction

Clostridium difficile is an anaerobic, Gram-positive, spore-
forming rod that causes a range of clinical presentations, from
asymptomatic carriage to severe colitis associated with signif-
icant morbidity and mortality in the adult population. The two
major virulence factors are toxins A and B, which are encoded
by the genes tcdA and tcdB on the pathogenicity locus
(PaLoc). Production of binary toxin may also contribute to
disease and is encoded by cdtA and cdtB on the binary toxin
locus. Neonates commonly become colonised with C. difficile
in the first week of life and the highest rates of carriage are
reported in the <1 year age group [1]. Although these high
rates of colonisation with toxin-producing strains do not nec-
essarily lead to high rates of clinical disease, CDI prevalence
may be increasing in children. Several studies in the USA
have demonstrated increasing rates amongst hospitalised chil-
dren, including a retrospective multicentre study reporting a
rise in incidence from 2.6 to 4.0 cases per 1,000 admissions
from 2001 to 2006 [2–4]. CDI in children is associated with
increased mortality, length of stay and hospital costs [5].
Hyper-virulent strains of C. difficile causing more severe
disease have emerged in North America and Europe [6], and
have been described in children [7]. The incidence of
community-associated (CA)-CDI in healthy children without
hospital exposure is also increasing [8]. The introduction of
hyper-virulent strains into Australia [9], combined with
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increasing recognition of CA-CDI and broad-spectrum antibi-
otic use in children with complex medical conditions, may
further increase the incidence of paediatric CDI in that country.

Clinical diagnosis of paediatric CDI is problematic because
of the high rates of colonisation with toxigenic C. difficile in
very young children and common presentation with diarrhoea
with other causes. Laboratory diagnosis of CDI is made
difficult by the lack of a single rapid, accurate laboratory test.
The reference standards of cell culture cytotoxin neutralisation
assay (CCNA; toxin detection from stool) and toxigenic cul-
ture (toxin detection from isolate) require expertise, the main-
tenance of cell lines, laboratory staff labour and a minimum of
48 h turnaround time, all of which can delay diagnosis,
treatment and infection control measures. Enzyme immuno-
assays (EIA) for toxin A/B are quick and easy to perform, but
in adult studies lack sufficient sensitivity to act as standalone
tests [10]. Several studies have demonstrated the usefulness of
glutamate dehydrogenase (GDH), an enzyme produced by all
C. difficile strains independent of toxin production, as a rapid
and easy to perform screening test with a high negative
predictive value (NPV) in a low prevalence setting [11].
Molecular testing has high sensitivity and specificity: a meta-
analysis showed a pooled sensitivity of 92 %; GeneOhm Cdiff
(Becton Dickinson) (9 studies) demonstrated 91 % sensitivity
and 94 % specificity, and Illumigene C. difficile (Meridian)
(6 studies) showed 92 % sensitivity and 97 % specificity [12].
The requirement for expert staff, molecular facilities and the
considerable expense of in-house PCR mean that this is not
feasible for many laboratories. New benchtop molecular tech-
nologies, such as Illumigene and GeneOhm, require minimal
molecular expertise to run and interpret. Two-step algorithms
for CDI testing are commonly used to reduce costs and labour,
first testing with either an EIA detecting GDH or molecular
testing for the tcdB toxin gene. A reactive result is then
followed by re-testing for toxin production or toxin genes
using an alternative method.

Few studies have exclusively evaluated C. difficile diagnostic
tests in paediatric populations. They may have different proper-
ties owing to the increased rates of colonisation, lower prevalence
of clinical disease and the possible presence of different inhibitors
in children’s stool. The high prevalence of C. difficile in paedi-
atric stools may cause a decreased NPV, reducing the utility of
these tests in practice. This study evaluates the test performance
of a range of platforms routinely used to diagnose CDI from stool
in a paediatric population. A number of commercially available
assays were tested: C. Diff Quik Chek Complete (Techlab),
Illumigene C. difficile (Meridian) and GeneOhm Cdiff (Becton
Dickinson). Culture was also performed on cycloserine cefoxitin
fructose agar (CCFA) (PathWest Laboratory Medicine media,
Western Australia), and Cdiff Chromagar (bioMérieux). Toxin
detection was also performed using an in-house CCNA. All
isolates were characterised by PCR for the presence of toxin
genes and were PCR ribotyped.

Materials and methods

Specimens

Consecutive stools were prospectively collected between Oc-
tober 2011 and January 2012 at the PathWest Laboratory
Medicine Princess Margaret Hospital laboratory, servicing a
tertiary 220-bed paediatric hospital in Perth, Western Austra-
lia. Specimens needed to have sufficient stool for all assays
and fit the established criteria for C. difficile testing in this
laboratory: all stools from oncology/haematology patients,
specification by the requesting doctor or history of diarrhoea
developed whilst on antibiotics or pseudomembranous colitis.

C. difficile diagnostic methods

Culture on CCFA, CCNA and testing using Quik Chek Com-
plete and Illumigene were performed on specimens refriger-
ated at 5 °C and the time delay between the collection and
testing of each specimen was recorded. Two aliquots from the
remaining faeces were removed for performance of the extra
testing and stored at −20 °C. All testing and interpretation
were performed according to the manufacturer’s instructions.
External controls were performed with each new lot number.

CCFA culture

Specimens were tested according to the routine practice of the
laboratory, which involved inoculation onto egg-based CCFA
without taurocholic acid (manufactured in-house at PathWest
Laboratory Medicine) and then incubation in an anaerobe
chamber with atmosphere containing 80 % nitrogen, 10 %
hydrogen and 10% carbon dioxide, at 35 °C for 48 h. Plates
were examined after overnight incubation and at 48 h for
typical colony appearance (yellow with irregular edge), horse
manure odour and chartreuse (yellow–green) fluorescence
under long-wave UV light (360 nm). The Oxoid C. difficile
Latex Test Kit was used to confirmC. difficile according to the
manufacturer’s instructions.

C. difficile cell culture cytotoxin and neutralisation assay

Cell culture cytotoxin neutralisation assay was performed
using an ultrafiltrate of faeces inoculated onto Vero cells with
and without antitoxin. The assay was then incubated at 37 °C
in 5 % CO2 and examined at 24 and 48 h with an inverted
microscope for rounding of the cells and neutralisation of this
effect by antitoxin.

C. Diff Quik Chek Complete

Specimens were examined for the presence of GDH and
toxins A and B using the membrane EIA C. Diff Quik Chek
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Complete (Techlab) as per the manufacturer’s instructions.
The estimated turnaround time was about 40 min.

Illumigene C. difficile

Illumigene C. difficile (Meridian Bioscience) detects the
presence of the toxin A gene (tcdA) using loop-
mediated isothermal amplification technology with
primers that specifically amplify a conserved 5’ se-
quence located on the tcdA gene, within the PaLoc.
The manufacturer’s instructions were followed and re-
sults reported to be positive or negative. Invalid results
were repeated and reported as per the valid result. The
estimated turnaround time was about 70 min.

BD GeneOhm Cdiff

BD GeneOhm Cdiff (Becton Dickinson) is a real-time
PCR method detecting the presence of the tcdB gene
within the PaLoc. The manufacturer’s instructions were
followed and results reported to be positive or negative.
“Unresolved” results were repeated and reported as per
the valid result. The estimated turnaround time was
around 100 min.

Cdiff Chromagar

Stool was inoculated onto Cdiff Chromagar (bioMérieux),
incubated in an anaerobe chamber at 35 °C and examined at
24 and 48 h for black colonies. These were inoculated onto
blood agar for 48 h of incubation and colonies with typical
appearance, odour and fluorescence were stored in brain heart
infusion broth at −80 °C. L-proline aminopeptidase testing
(Remel, Lenexa, KS, USA), was performed to confirm
C. difficile if there was uncertainty. Four specimens that grew
C. difficile on CCFA, but not on Chromagar were incubated
for 3 days in cooked meat broth (PathWest Media) and
underwent alcohol shock plus addition of taurocholic acid
followed by culture on pre-reduced CCFA and blood agar.
Only one of the four specimens grew C. difficile with these
enrichment steps.

Toxin gene PCR

These were performed to confirmC. difficile. Isolates stored at
−80 °C were inoculated onto blood agar and 24-hour-old
colonies were used to produce a crude DNA extract using a
boiling method. Briefly, a full 1-μL loop was emulsified in a
tube of 5 % (wt/vol) Chelex-100 (Sigma Aldrich, Castle Hill,
NSW, Australia). Tubes were heated at 100 °C for 12 min,
then centrifuged at 14,000 rpm for 12 min to pellet the cell
debris and 50 μL of supernatant aliquoted into biofuge tubes.
Two microlitres of DNA extract was added to 18 μL of each

PCR mix. All isolates were tested using PCR for the presence
of tcdA and tcdB [13] and binary toxin (cdtA and cdtB) genes
[14]. PCR was also performed to identify changes in the
repeating region of tcdA (used to identify tcdA-tcdB + strains)
[15]. The negative control was diethylpyrocarbonate-treated
water and the positive control a C. difficile strain known to
contain all five targets tested. PCR cycling occurred in a
2700 Thermocycler (Applied Biosystems) and conditions
were as follows: 10 min at 95 °C, 30 s at 94 °C, 30 s at
55 °C, 60 s at 72 °C, 7 min at 72 °C and 4 °C hold, with
35 cycles performed. PCR products were visualised on the
QIAxcel capillary electrophoresis platform (Qiagen, Valencia,
CA, USA), an automated capillary electrophoresis system,
using the AL320 method on a DNA screening cartridge.

PCR Ribotyping

Ribotyping was performed from the extract obtained for
genotyping using the Chelex method described above.
PCR ribotyping was performed as previously described
[16] and reaction products were concentrated using the
Qiagen MinElute PCR Purification kit (Qiagen). PCR
products were visualised using the QIAxcel automated
capillary electrophoresis system (Qiagen). BioNumerics
software package v.6.5 (Applied Maths, Saint-Martens-
Latem, Belgium) was used for dendrogram and cluster
analysis of PCR ribotyping band patterns (Dice coeffi-
cient). Banding patterns were compared using a refer-
ence library comprising a collection of 15 reference
strains from the European Centre for Disease Prevention
and Control (ECDC). Isolates that could not be identi-
fied with the available reference library were designated
internal nomenclature.

Statistical analysis

Sensitivity, specificity, positive predictive value (PPV)
and negative predictive values (NPV) were determined.
The reference standard for toxin A/B, tcdA and tcdB
detecting tests (i.e. Quik Chek Complete toxin A/B,
Illumigene, GeneOhm and CCNA) was toxigenic cul-
ture, i.e. either growth on CCFA or Chromagar con-
firmed with toxin PCR. Because GDH detects any
C. difficile, a positive result was considered a true
positive if it detected toxigenic or non-toxigenic strains.
Combined algorithm results were determined by com-
bining the results of the following tests: Quik Chek
Complete GDH plus toxin A/B, GDH plus Illumigene,
GDH plus GeneOhm and CCFA plus CCNA. GDH
reactive with toxin A/B nonreactive was considered a
true-negative result for nontoxigenic C. difficile, a false-
negative result for toxigenic C. difficile and a false-
positive result if all other tests were negative.
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Results

Specimens and processing

A total of 150 stool specimens from 75 patients were collected
and tested using all methods. Ninety-six per cent of specimens
were loose, liquid, watery or semi-formed. Routine culturing
on CCFA and CCNA testing all occurred within 24 h and
Quik Chek Complete and Illumigene testing were performed
at a median time of 23 h after collection.

There were a large number of “follow-up” specimens sub-
mitted—a mean of 2 specimens were received per patient
(range 1 to 8). The majority of repeat specimens had no
change in result (79 %). When a change of result occurred
the repeat specimens were taken a range of 2 days to 12 weeks
(median 2 weeks) after the initial specimen and 64 % changed
from negative to positive. Haematology/oncology patients
made up the bulk of repeat specimens with 84 specimens sent
from 28 patients (mean 3 stools per patient).

Demographics of patients

Forty-four per cent of patients were female with a median age
of 3 years (range 11 days to 17 years). A large proportion of
specimens (56 %) and patients (40 %) were from
haematology/oncology.

Patients with C. difficile growth

Fifty-four of the 150 specimens (36 %) and 32 of the 75
patients (43 %) grew C. difficile. The prevalence in
haematology/oncology stool specimens and haematology/
oncology patients was 38 % and 60.7 %, higher than the
prevalence in non-haematology/oncology patients (32 %).
Only 1 outpatient grew C. difficile out of 5 emergency depart-
ment and non-haematology/oncology outpatients. A higher
proportion of culture-positive patients were female (59 % vs
35 %), although the difference was not statistically significant
(p=0.06, Chi-squared) and had a slightly higher median age of
3.5 years (range 7 months to 16 years). Forty-nine per cent of
children aged ≤6 years grew C. difficile compared with 31 %
of the 7- to 17-year-old group. Although the <1-year-old age
group had a lower prevalence compared with the ≥1-year
group (38 % vs 44 %), this was not statistically significant.

Assay analysis

The sensitivity, specificity, PPV and NPV of each test and
algorithm are detailed in Tables 1–3 and compared with other
published paediatric studies in Table 3. All methods demon-
strated excellent specificity (97–100 %, Table 1). Three spec-
imens grew C. difficile on CCFA, but not on Chromagar
(despite the enrichment steps described above) and 8 grew

on Chromagar, but not on CCFA. Both CCNA and the Quik
Chek Complete toxin A/B demonstrated poor sensitivity
(33 % and 29 %) in detecting toxigenic C. difficile. The
NPV of the Quik Chek Complete GDH component was not
as high as expected (93%). Both molecular methods had good
sensitivity of 89 %. Illumigene produced 4 invalid results and
GeneOhm 1 “unresolved” result; all produced valid results on
repeat testing. After exclusion of the six formed stools the
sensitivity of all the tests and the NPV of toxin A/B was
reduced (sensitivity with/without formed stools: GDH 87/
86 %, Tox A/B 29/24 %, Illumigene 89/88 %, GeneOhm
89/88 % and CCNA 33/31 %). An algorithm using GDH +
Illumigene or GeneOhm reduced the sensitivity of both
methods to 85 % and 83 % respectively (Table 2). The
algorithm using Quik Chek Complete GDH + toxin A/B
lacked sensitivity for toxigenic C. difficile owing to the poor
sensitivity of the toxin A/B component. The algorithm using
CCFA and CCNA also demonstrated poor sensitivity owing to
the lack of sensitivity of the CCNA.

Costing

The algorithm of GDH + Illumigene would have been more
expensive than Illumigene alone in this population—estimated
Aus$3,250 vs Aus$3,000 for these 150 specimens. The
increased cost of the GeneOhm means that an algorithm of
GDH + GeneOhm would be cheaper than the GeneOhm alone
(Aus$3,750 vs Aus$4,500).

Toxin gene PCR and ribotyping

Of the 32 isolates, the majority (65 %) of strains were tcdA +
tcdB + cdt-Arep + (Fig. 1). There were 22 different ribotypes
from 32 patients. Relatedness of isolates is illustrated in the
dendrogram in Fig. 2. Ribotype 014/020 (26 %) predominat-
ed—particularly when haematology/oncology patients were
analysed separately (37%). Of note, all but one of the 014/020
strains were from haematology/oncology patients (admitted to
the same ward) and the one non-haematology/oncology pa-
tient (JH035) had a ribotype distant to the haematology/
oncology ribotypes on the dendrogram. Ribotype 010 made
up 11 % of the ribotypes and the other 20 strains were from 1–
2 patients each. Four patients had two ribotypes from different
stools. The change of ribotype occurred in stools taken
10 days, 12 days, 4 weeks and 6 weeks after the first ribotype.
The binary toxin-producing strains were ribotype 244 and
251, each from one patient. The ribotype 244 strain was a 9-
year-old male haematology patient with acute lymphoblastic
leukaemia and a history of antibiotic and hospital exposure
10 days earlier, who remained colonised with this strain from
22November 2011 until 16 January 2012 (last specimen taken
in the study period). The ribotype 251 strain was isolated from
a 15-year-old female gastroenterology patient with Crohn’s
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disease. She had been admitted to hospital 13 days earlier, but
it is not known if she was exposed to antibiotics prior to
admission. The non-toxigenic strains consisted of 4 patients
with ribotype 010 (a known non-toxigenic strain) and four
ribotypes designated with internal nomenclature.

Discussion

The prevalence ofC. difficile in specimens (36%) and patients
(43 %) was high compared with other paediatric diagnostic
studies (7.1–24 %; Table 3), probably because of the selective
testing of the stool of high-risk patients (i.e. mainly
haematology/oncology patients). The incidence of
community-acquired C. difficile was difficult to establish giv-
en the low number of outpatient stools tested (five) and this is
probably under-diagnosed owing to the lack of testing in this
population. Haematology/oncology patients are regular out-
patients and inpatients in the hospital environment; thus, no
association between the community and health care could be
distinguished. Although we found a higher proportion of
female patients in the group with C. difficile (59 %) and a
lower carriage rate in the less than 1 year age group (38 vs
44 %), these differences were not statistically significant and
may be due to the small numbers of patients in each group.
There was a similar median age between patients in whom
C. difficile was not detected vs those in whom it was detected
(3 vs 3.5 years). Exclusion of the six formed stools resulted in
a small reduction in the sensitivity of all tests; thus, the
inclusion of a small number of formed stools did not markedly

affect the results. There is, however, no clinical or infection
control rationale for C. difficile testing on formed stools.

Four studies, all performed in the USA, have evaluated
different combinations of C. difficile tests in paediatric popu-
lations (Table 3). Ota and McGowan [17] tested 141 stools
prospectively in 1- to 18-year-olds using the Quik Chek
Complete, Premier toxin A/B, Illumigene and CCNA, using
a composite reference standard in a population with a preva-
lence of 19 %. Selvaraju et al. [18] compared Quik Chek
Complete, GeneOhm, ProGastro Cd PCR (Gen-Probe
Prodesse, detects tcdB gene) using toxigenic culture as a
reference standard, on 200 stools from children, with a prev-
alence of 24 %. Luna et al. [19] tested 138 stools submitted to
a paediatric hospital, with a prevalence of 15 %. They per-
formed CCFA, toxin A/B EIA (Wampole Laboratories) on
stool and C. difficile isolates, and an in-house real-time PCR
targeting tcdA and tcdB genes on stool and culture isolates.
Importantly, this study excluded 19 specimens because they
could not be defined as positive or negative by their reference
standard, which required at least 4 tests to be positive to
qualify as a positive result. In these paediatric studies the
NPV of the Quik Chek Complete GDH was 94 and 99.2 %,
higher than our NPVof 93%, perhaps explained by the higher
prevalence in our population. This may also explain the lower
sensitivity of the Quik Chek Complete toxin A/B observed in
our study compared with Ota and McGowan (29 vs 48 %).
The other toxin A/B EIAs also demonstrated poor sensitivity
in the paediatric studies (35 and 56 %). The sensitivity of
CCNA according to Ota and McGowan was much higher at
96 % (compared with our 33 %), probably because of the lack
of a toxigenic culture reference standard. The high sensitivity

Table 1 Statistical analysis of individual assays including formed stools

Test TP TN FP FN Sensitivity (%) Specificity (%) PPV (%) NPV (%)

GDH 47 93 3 7 87 97 94 93

Toxin A/B 13 105 0 32 29 100 100 77

Illumigene 40 105 0 5 89 100 100 95

GeneOhm 40 104 1 5 89 99 98 95

CCNA 15 105 0 30 33 100 100 78

GDH glutamate dehydrogenase, CCNA cell culture cytotoxin neutralisation assay, TP true positive, TN true negative, FP false positive, FN false
negative, PPV positive predictive value, NPV negative predictive value

Table 2 Statistical analysis of individual assays excluding formed stools

Test TP TN FP FN Sensitivity (%) Specificity (%) PPV (%) NPV (%)

GDH + AB 13 101 3 33 28 97 81 75

GDH + Illumigene 39 104 0 7 85 100 100 94

GDH + GeneOhm 38 103 1 8 83 99 97 93

CCFA + CCNA 14 103 0 33 30 100 100 76

CCFA cycloserine cefoxitin fructose agar
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and specificity values of Illumigene and GeneOhm were
similar to those of our study (Table 3). All the algorithms
showed reduced sensitivity when GDH was used as an initial
screening test owing to the lower sensitivity of GDH
compared with the second test used. Toltzis et al. [20]
found a high proportion of falsely reactive toxin A/B
EIA results using the Premier toxin A & B kit (Meridian
Bioscience). Forty out of 112 EIA reactive stools submitted
to two paediatric hospitals did not culture C. difficile. This
may have been due to the low prevalence of C. difficile
in their population (7.1 %), as cross reaction with C. sordelli
exotoxins was excluded.

The sensitivities of the Quik Chek Complete GDH,
Illumigene and GeneOhm appear to be slightly lower in
paediatric than in adult studies [11, 20–25]. The possible
reasons include: the higher prevalence of C. difficile in paedi-
atric populations increasing the number of false-negative re-
sults, use of the test in more “real-world” situations than the
original adult studies, lower amounts of C. difficile in paedi-
atric stools or the presence of different ribotypes in paediatric
populations. Inhibitor controls are present in both molecular
methods; thus, the presence of increased inhibitors in paedi-
atric stool is not the explanation. Adult studies report high
specificities of the Quik Chek Complete GDH component
[20–23], similar to our study (97 %), but not the other paedi-
atric studies (82 and 82.2 %; Table 3). The reduced specificity
in these studies may have been due to lower population
prevalence.

In both the adult [20–22] and paediatric studies the poor
sensitivity of the Quik Chek Complete toxin A/B, when used
alone or with the GDH component, means that its use cannot
be recommended in detecting the presence of C. difficile.
However, a large UK multi-centre observational study dem-
onstrated increased mortality in patients with cell cytotoxin-
positive faeces and as a result the authors advocate using a
highly sensitive test first (GDH or molecular assay) followed
by a more specific test (toxin EIA) for predicting clinical
disease [26]. Although this study included patients aged
>2 years, paediatric patients were not analysed separately;
thus, the predictive value of cell cytotoxin positivity in paedi-
atric patients is unknown.

Although the GDH + Illumigene or GeneOhm was superi-
or to the GDH +A/B algorithm, the sensitivity was lower than
the confirmatory molecular test in the paediatric studies (Ta-
ble 3). This algorithm is commonly used to reduce costs;
however, in this study the GDH + Illumigene algorithm did
not save money and the GDH + GeneOhm algorithm reduced
costs only because of the increased cost of the GeneOhm. A
cheaper GDH method would make the algorithm cost
effective.

Over the study period an average of 1.63 stools per
day were processed for C. difficile detection. A membrane
EIA would fit best with this work flow, but an alternative,
cheaper, more sensitive assay without the redundant toxin
AB component would be a better option if an algorithmic
approach was used in a laboratory processing small num-
bers of specimens. A cheaper, well-based GDH would
better suit a laboratory processing large numbers of spec-
imens in batches and would make a GDH + molecular
method algorithm cost effective. Both the Illumigene and
GeneOhm allow small batches to be tested. The
Illumigene has two chambers (each containing space for
five samples); thus, a second run can be commenced
simultaneously. Illumigene has a quicker turnaround time
compared with the GeneOhm, but involves more manual
processing (seven steps). Illumigene would be the best
assay to implement in our laboratory: it would fit best
with the workflow, be cost effective when used alone,
provide rapid turnaround times and good sensitivity and
specificity. Given the excellent sensitivity and specificity,
rapid turnaround times and ease of use of these molecular
methods, plus the lack of cost savings and reduced sensi-
tivity when the GDH first algorithms are used, a molecu-
lar method alone is recommended over the GDH or cul-
ture and CCNA methods in our paediatric high-prevalence
population.

False-negative results for toxigenic strains may occur with
use of the molecular methods. Rare tcdA-deficient but tcdB-
positive strains have been reported [27], which the Illumigene
may fail to detect. Conversely, rarely reported tcdB-deficient
but tcdA-positive strains should be detected by the Illumigene
but not the GeneOhm [28]. Mutations in the highly conserved

tcdA+tcdB+cdt-, 
65%tcdA+tcdB+cdt+, 

6%

tcdA-tcdB-
cdt-, 24% 

tcdA+tcdB+cdt- 
(Arep-), 6% 

tcdA+tcdB+cdt-

tcdA+tcdB+cdt+

tcdA-tcdB-cdt-

tcdA+tcdB+cdt- (Arep-)

Fig. 1 Toxin profiles per patient
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regions targeted may also be predicted to cause a false-
negative result. Culture remains important to ensure that tcdA
and/or tcdB-deficient strains are not missed in individual
patients or outbreaks, and for research purposes, such as
ribotyping and outbreak investigation.

The predominant ribotype in our study, UK014/020, is the
most common hospital-associated ribotype in Australia and
Europe [29]. Haematology/oncology patients had a high pro-
portion of UK 014/020 (37 %), and all but one of the UK 014/

020 ribotypes were from haematology/oncology patients and
appear to be closely related (Fig. 2). This suggests the possi-
bility of an endemic clone on the haematology/oncology
ward.

Limitations of the study include the lack of correlation
with clinical outcome, use of formed stools (4 %) for
which the tests used are not validated, the freezing of
stool specimens for GeneOhm, Chromagar, genotype and
ribotype testing, the large proportion of haematology/

Fig. 2 Ribotype distribution for C. difficile isolates from 32 paediatric patients
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oncology patients, which may have skewed the results if
test characteristics are different in this population, and the
large number of repeat specimens sent from the same
patients. The latter reflects the real-world situation in our
laboratory; haematology/oncology patients with ongoing
diarrhoea often have stools sent repeatedly. Many paediat-
ric tertiary centres have haematology/oncology wards;
thus, our study would be applicable to most paediatric
hospitals.

The strengths of the study are the large number of stools
tested, the use of a paediatric hospital-based population, the
use of toxigenic culture as the reference standard and the
prospective, “real-world” collection of stools and testing with
the Quik Chek Complete and Illumigene. This is also, to our
knowledge, the first exclusively paediatric study assessing the
test performance of commonly used C. difficile diagnostic
methods to be performed outside of the USA.

In summary, the NPV of the Quik Chek Complete GDH
and the sensitivities of the Quik Chek Complete toxin A/B,
GeneOhm and Illumigene were reduced compared with adult
studies, probably because of the higher prevalence of
C. difficile in our predominantly haematology/oncology pae-
diatric hospitalised population. All algorithms using GDH
first showed reduced sensitivity because of the lower sensi-
tivity of the GDH compared with the second test. In this
patient populationmolecular methods alone are recommended
to routinely diagnose CDI over the use of a GDH algorithm or
culture and CCNA, as they demonstrate the best test perfor-
mance characteristics.
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Abstract
Clostridium difficile infection (CDI) is a leading cause of healthcare-associated morbidity

and mortality worldwide. In Thailand, CDI exhibits low recurrence and mortality and its mo-

lecular epidemiology is unknown. CDI surveillance was conducted in a tertiary facility (Siriraj

Hospital, Bangkok). A total of 53 toxigenic C. difficile strains from Thai patients were ana-

lyzed by multi-locus sequence typing (MLST), PCR ribotyping, and pulse-field gel electro-

phoresis (PFGE). The mean age of the cohort was 64 years and 62.3% were female; 37.7%

of patients were exposed to > two antibiotics prior to a diagnosis of CDI, with beta-lactams

the most commonly used drug (56.3%). Metronidazole was used most commonly (77.5%;

success rate 83.9%), and non-responders were treated with vancomycin (success rate

100%). None of the isolates carried binary toxin genes. Most isolates (98.2–100%) were

susceptible to metronidazole, vancomycin, tigecycline and daptomycin. There were 11 se-

quence types (STs), 13 ribotypes (RTs) and four PFGE types. Six previously identified STs

(ST12, ST13, ST14, ST33, ST41 and ST45) and five novel STs unique to Thailand (ST66,

ST67, ST68, ST69 and ST70) were identified. PCR RTs UK 017 (ST45) (45.3%) and UK

014/020 (ST33) (24.5%) were the most common. High concordance was observed between

the MLST and ribotyping results (p<0.001). C. difficile isolates from Thai patients were high-

ly susceptible to standard antimicrobial agents. In conclusion, the five STs indicate the high

genetic diversity and unique polymorphisms in Thailand. Moreover, the emergence of anti-

microbial resistance to vancomycin warranted continuous surveillance to prevent further

spread of the toxigenic C. difficile isolates.

Introduction
Clostridium difficile, an obligate anaerobic Gram-positive bacillus, is an important etiological
agent of antibiotic-associated diarrhea (C. difficile-associated diarrhea; CDAD or Clostridium
difficile infection; CDI). The disease is largely considered a healthcare-associated infection,
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with symptoms ranging from mild diarrhea to severe pseudomembranous colitis, which can
occur during antibiotic treatment or shortly thereafter [1]. Two large clostridial toxins (LCTs),
one an enterotoxin (toxin A; TcdA), the other a cytotoxin (toxin B; TcdB), are produced by
toxigenic strains of C. difficile. The toxins interfere with the activity of proteins important for
regulating actin polymerization, thereby leading to the disruption of the cell’s cytoskeleton [1].
Toxigenic strains capable of causing CDI produce both toxins; however, toxin A-negative
strains are increasingly being reported [2–4].

An additional toxin discovered in 1997, the actin perturbing binary toxin (CDT), has been
reported to be present in 4–12% of toxigenic C. difficile [5]. This toxin consists of two indepen-
dent components comprising a catalytic (CDTa) and binding (CDTb) domain. Although the
contribution of CDT to the virulence of C. difficile remains controversial, its biological function
and its genetic and immunological properties are reported to closely resemble those of Clostrid-
ium perfringens iota toxin [6]. Interestingly, studies have reported synergy between CDT and
LCTs [7,8], and that the presence of CDT might be an indicator for recurrent CDI [9].

As the prevalence of CDI increases globally as a consequence of high levels of antibiotic use,
several techniques for investigating its epidemiology have been developed. Pulse-field gel elec-
trophoresis (PFGE), PCR ribotyping and restriction endonuclease analysis have been used
widely as typing methods [10]. Because gel banding patterns can be difficult to compare across
laboratories, two multi-locus sequence typing (MLST) methods were recently established
[11,12]. Use of the established MLST scheme for C. difficile and the publicly available online
database of seven C. difficile housekeeping genes comprising aroE (shikimate dehydrogenase),
dutA (dUTP pyrophosphatase), gmk (guanylate kinase), groEL (60 kDa chaperonin), recA
(recombinase), sodA (superoxide dismutase) and tpi triosephosphate isomerase) enabled an
inter-laboratory comparison of up to 65 of the sequence types (STs) present in the Pasteur In-
stitute database [11]. The other MLST method, based on a different set of seven housekeeping
genes, namely, adk (adenylate kinase), atpA (ATP synthase subunit alpha), dxr (1-deoxy-D-
xylulose 5-phosphate reductoisomerase), sodA (superoxide dismutase), recA (recombinase A),
glyA (serine hydroxymethyltransferase) and tpi (triose phosphate isomerase) had similar dis-
criminatory power [12].

CDI is frequently reported to be associated with previous exposure of the bacterium to clin-
damycin, cephalosporins and fluoroquinolones. Treatment for CDI can include antibiotic dis-
continuation; however, this alone is not always effective and antibiotic treatment is necessary
in moderate to severe cases [1]. Because the antibiotics recommended in standard treatment
regimens are metronidazole and vancomycin [13], the susceptibilities of C. difficile strains to
these agents have been investigated [14]. In most cases, a high degree of resistance was ob-
served against antibiotics reported to be associated with CDI, and most strains were susceptible
to the antibiotics recommended in the standard treatment regimen for this disease [14].

In Thailand, several studies have investigated the clinical and microbiological aspects of
CDI [15–17]. In 1990, a study showed the prevalence of fecal toxin B was 52.5% among Thai
diarrheal patients [15]. More recently, studies reported beta-lactam antibiotics to be the most
commonly used drugs prior to the onset of CDAD [16]. Additionally, CDI was reported to
have low recurrence and mortality rates [17]. However, at present, data regarding the molecu-
lar epidemiology and antibiotic susceptibility profile of Thai C. difficile isolates is limited. Thus,
this study aimed to perform the first comprehensive epidemiological study of toxigenic C. diffi-
cile isolated from Thai patients.
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Materials and Methods

Isolates and growth media
The 53 toxin-positive C. difficile strains used in this study were isolated from the stools of pa-
tients who were diagnosed with suspected CDI and had been admitted to Siriraj Hospital,
Bangkok, Thailand, between 2006 and 2008. This study was approved by the Siriraj Institution-
al Review Board [approval no. Si414/2007]. The requirement for informed consents was
waived as the study was a retrospective chart review. Patient records/information was anon-
ymized and de-identified prior to analysis. Toxins in the isolates were detected with a qualita-
tive immunochromatographic assay (Xpect C. difficile toxin A/B test; Thermo scientific,
Lenexa, KS, USA), according to the manufacturer’s instructions. All toxin-positive samples
identified in this manner were confirmed by toxin gene detection (as described below). Only
toxin gene-positive strains were included in subsequent studies. Duplicate specimens from the
same patients were excluded. Species identification was done according to internationally
agreed standard testing procedures, which includes 16S ribosomal RNA sequence analysis [18].
Strains were maintained on blood agar plates at 37°C in anaerobic conditions and in 30% glyc-
erol at –80°C for long term storage.

Antibiotic susceptibility tests
Susceptibility of the toxigenic C. difficile strains to vancomycin, metronidazole, ciprofloxacin,
moxifloxacin, linezolid, tigecycline and daptomycin was determined using an E-test as previ-
ously described [19]. The quality control strains for Gram-positive tests were Staphylococcal
aureus ATCC 29213. Briefly, a suspension equivalent to a 0.5 McFarland standard for each iso-
late was prepared in nutrient broth (Oxoid Ltd, Basingstoke, UK) and swabbed onto supple-
mented (hemin and vitamin K1) Brucella agar containing 5% sheep blood (BBL Microbiology
Systems, Cockeysville, MD). An E-test strip (AB Biodisk, Solna, Sweden) was applied to each
plate and the plates were incubated at 37°C in anaerobic conditions for 48 h. The results were
interpreted using the epidemiological cutoff values recommended by the European Committee
on Antimicrobial Susceptibility Testing (EUCAST, http://www.eucast.org/) [20].

DNA extraction
Genomic DNA was prepared from C. difficile grown on blood agar overnight at 37°C in anaer-
obic conditions. A full loop (approximately 10 μl) of cells was harvested and used for subse-
quent DNA extraction. High molecular weight DNA was extracted using a High Pure PCR
Template Preparation Kit (Roche Applied Science, Indianapolis, IN) according to the
manufacturer’s instructions.

Detection of C. difficile toxin genes
tcdA, tcdB, cdtA and cdtB genes were detected in the isolates using a 5-plex PCR containing 12
primers specific to the four toxin genes and a control gene, 16S rDNA (S1 Table). The multi-
plex PCR assay was performed according to a previously published method [21]. Subsequently,
the isolates were screened with an in-house PCR for the presence of toxin A (tcdA) [22] and for
changes in the tcdA repetitive region [22].

PCR ribotyping
Ribotyping of the isolates based on the 16S-23S intergenic spacer region was done as previously
described [23]. PCR amplifications were performed using the following primers: 5’-CTGGGG
TGAAGTCGTAACAAGG-3’ and 5’-GCGCCCTTTGTAGCTTGACC-3’. The PCR conditions
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comprised 35 cycles of denaturation at 94°C for 1 min, annealing at 55°C for 1 min and exten-
sion at 72°C for 2 min. Amplification products were concentrated and electrophoresis was per-
formed on 3% agarose gels. The typing patterns generated were compared with those of a
previously published library [10].

PFGE
PFGE was performed according to a previously published method [24]. Briefly, the isolates
were grown in pre-reduced Schaedler's anaerobic broth at 37°C overnight in an anaerobic at-
mosphere. The bacterial cells were pelleted and lysed in 100 μl of lysis buffer (10 mM Tris, 0.5
mM EDTA, 0.8% N-lauryl sarcosine, 5 mg/ml lysozyme). Plugs containing the bacterial cells
were made using 2% PFGE-grade agarose with a low melting point. The bacterial plugs were
then incubated in the lysis buffer for 1 h at 37°C followed by incubation in 0.5 mM EDTA, 1%
N-lauryl sarcosine, 10 mg/ml proteinase K, overnight at 50°C. The plugs were washed and di-
gested with SmaI restriction enzyme (20 U) for 5 h at 30°C. The digested products were run on
a 1% PFGE-grade agarose gel using a CHEF Mapper (Bio-Rad, UK) with previously described
settings [24]. The gels were documented and analyzed with a Fingerprinting II program (Bio-
Rad). Dendrograms were constructed by the unweighted pair-group method with arithmetic
mean clustering using the Dice correlation coefficient [25].

MLST
MLST was performed and analyzed according to the methodologies of previous publications
[11]. Briefly, seven unlinked genetic loci, aroE (shikimate dehydrogenase), dutA (dUTP pyro-
phosphatase), gmk (guanylate kinase), groEL (60 kDa chaperonin), recA (recombinase), sodA
(superoxide dismutase) and tpi (triosephosphate isomerase) were amplified and sequenced.
The sequences generated were manually edited using BioEdit 7.0.9.0, [25] and allele types
(ATs) and STs for each locus were assigned according to the C. difficileMLST database at the
Pasteur Institute (http://www.pasteur.fr/recherche/genopole/PF8/mlst/Cdifficile2.html) as pre-
viously described [12].

Statistical analysis and correlation analysis
The PASW Statistics 18 program (IBM, Armonk, NY) was used to calculate frequencies of de-
mographic data, antibiotic susceptibility, ATs and STs. Correlation analysis was done using a
Lambda method for nominal variables by the PASW Statistics 18 program. Correlation and
significance was defined when Lambda value was close to 1 and p-value was less than or equal
to 0.05, respectively. Only MLST types with more than or equal to 3 members were subjected
to the association analysis.

Results

C. difficile strains and patient demography
To obtain a complete overview of the epidemiology of pathogenic C. difficile, all strains isolated
from 2006–2008 were tested for toxin production. Using immunochromatographic assays, a
total of 53 C. difficile strains tested positive for toxin. The results of the multiplex PCR assay
showed that these strains were also positive for tcdA and tcdB; therefore, they were included in
this study. The cases from which C. difficile was isolated were aged 1–97 years, with a mean age
of 64 years. The majority of patients were female (62.3%).

Analysis of the patient demography showed that 57.6% of the patients were being treated
with antibiotics when CDI was diagnosed. We found that CDI can occur as late as 16 days
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post-antibiotic discontinuation (mean value of 2.52 days). As studies have shown that CDI can
occur long after antibiotic exposure [1], here, we looked for a history of antibiotic use in the 2
months prior to diagnosis. During this period, patients with CDI were treated with zero to
seven antibiotics, with 66.0% and 37.7% of them having used more than one and two antibiot-
ics, respectively (S2 Table); 18.9% of the patients had no history of antibiotic use. Of the 126
antibiotic administration events, beta-lactams were the most frequently used drug (56.3%,
Table 1).

Metronidazole was the most common antimicrobial used for treatment (77.5%; 31 of 40 pa-
tients with available data) with a cure rate of 83.9% (26 of 31 patients with available data). Van-
comycin was administered for 14 days in three cases where the patients failed to respond to
metronidazole treatment; this resulted in a 100% cure rate (S2 Table). The other two patients
died from complications; hence the efficacy of metronidazole could not be determined.

Antibiotic susceptibility of C. difficile
The minimum inhibitory concentration (MIC) of each antibiotic (MIC50 and MIC90) is shown
in Table 2. All C. difficile isolates were inhibited by a concentration of� 0.5 μg/mL of metroni-
dazole. All but two isolates were inhibited by a concentration of� 0.75 μg/mL of vancomycin.
Very high MICs (>32 μg/mL) were observed in all isolates tested with ciprofloxacin and in
43% of the isolates (23/53) tested with moxifloxacin. Most isolates exhibited low MICs
(< 0.5 μg/mL) against linezolid, tigecycline and daptomycin (Table 2). Only moxifloxacin
showed a considerable number of resistant isolates (45.2%) thus was subjected to correlation
analysis. No correlation between the resistance with MLST, ribotype or PFGE type was ob-
served (p-value = 0.818, 0.808 and 0.170, respectively).

Molecular detection of C. difficile toxin
tcdA and tcdB genes were both present in all isolates, although 23 of them had a partial deletion
in tcdA (A-B+). These included all strains from ribotypes (RTs) UK 017 (Th2, Th3, Th4, Th6,
Th7, Th8, Th10, Th11, Th12, Th14, Th19, Th24, Th27, Th34, Th38, Th39, Th41, Th43, Th44,
Th47, Th49 and Th53) and QX370 (Th45) (S2 Table). No isolates contained binary toxin genes
(cdtA and cdtB).

PFGE
Four PFGE types were recognized with type 2 being the most common (43.4%, Fig 1).

Table 1. Antibiotic exposure in the 2 month period preceding a diagnosis of CDI in patients.

Antibiotic groups Percent

Beta-lactams amoxicillin-clavulanic acid (0.8%), cefdinir (0.8%), cefditoren (0.8%), cefipime
(4%), cefotaxime (1.6%), ceftazidime (5.6%), ceftriaxone (9.5%), cefuroxime (0.8%), cloxacillin
(0.8%), ertapenem (1.6%), imipenem (10.3%), meropenem (5.6%), penicillin (0.8%),
cefoperazone-sulbactam (2.4%), piperacillin-tazobactam (8.7%), ampicillin-sulbactam (2.4%)

56.3

Glycopeptides vancomycin (10.3%) 10.3

Fluoroquinolones ciprofloxacin (4.8%), levofloxacin (0.8%), moxifloxacin (1.6%), norfloxacin
(0.8%)

7.9

Aminoglycosides amikacin (4%), netilmicin (0.8%) 4.8

Metronidazole metronidazole (4.8%) 4.8

Lincosamides clindamycin (4.8%) 4.8

Others amphotericin B (3.2%), colistin (2.4%), fluconazole (0.8%), fosfomycin (0.8%),
ganciclovir (0.8%), itraconazole (0.8%), ivermectin (0.8%), roxithromycin (1.6%)

11.1

doi:10.1371/journal.pone.0127026.t001
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PCR ribotyping
Thirteen RTs were recognized. UK 017 (41.5%) and UK 014/020 (20.8%) were the two most
common PCR RTs (Fig 1).

MLST
Thirty ATs and 11 STs were recognized. Among the Thai C. difficile isolates, ST45 and ST33
were the most common (45.3%) and second most common (24.5%), respectively. Interestingly,
all but one A-B+ strain (22 of 23) belonged to ST45. Additionally, one novel AT of the groEL
gene (AT18) and five novel STs (ST66, ST67, ST68, ST69 and ST70) were also found. AT18
and the five novel ST sequences have been submitted to the C. difficileMLST database at the
Pasteur Institute. The sequences of all the ATs have also been submitted to GenBank under the
following accession numbers: KJ130417-446 (S3 Table).

PCR ribotyping, PFGE and MLST method correlations
Overall, high concordance was observed between the ribotyping and two MLST methods,
while PFGE categorized strains differently. For example, most strains of ST14, ST33, ST41 and
ST45 correlates with the ribotype QX001 (100%), UK014/020 (84.6%), UK046 (83.3%) and
UK017 (91.7%) with Lamda value of 0.87 (p-value<0.001). (Fig 1). However, RT UK 014/020
(ST33) correlated with PFGE types 1, 3 and 4 (Fig 1).

Discussion
The risk factors associated with development of CDI include exposure to antibiotics, advanced
age, hospitalization and residency in a long-term care facility [1]. Similar risk factors are also
relevant in Thailand where most patients with CDI were of advanced age (mean age 64 years
old), had been exposed to antibiotics and were long-term in-patients (96.2%; mean in-patient
duration 62.4 days, data not shown). Analysis of patient medical records showed that beta-

Table 2. Susceptibility to various antibiotics ofC. difficile isolates in this study (μg/mL).

Antibiotic MIC (number of isolates) %
Susceptible*

Metronidazole <0.016 (9), 0.016 (1), 0.023 (2), 0.032 (5), 0.047 (5), 0.064 (12), 0.094
(7), 0.125 (9), 0.19 (2), 0.5 (1)

100%

Vancomycin 0.016 (2), 0.023 (1), 0.038 (1), 0.047 (2), 0.064 (1), 0.094 (1), 0.125 (2),
0.25 (7), 0.38 (9), 0.5 (18), 0.75 (7), 1.5 (1), 3 (1)

98.2%

Ciprofloxacin >32** (53) NA

Moxifloxacin 0.032 (1), 0.25 (1), 0.38 (5), 0.5 (4), 0.75 (10), 1 (5), 1.5 (3), 24 (1), >32
(23)

54.8%

Linezolid 0.023 (3), 0.032 (3), 0.047 (3), 0.064 (1), 0.094 (4), 0.125 (5), 0.19 (8),
0.25 (8), 0.38 (12), 0.5 (3), 0.75 (1), 1 (1), 2 (1)

NA

Tigecycline <0.016 (34), 0.016 (7), 0.023 (9), 0.032 (2), 0.064 (1) 100%

Daptomycin 0.023 (4), 0.032 (4), 0.047 (5), 0.064 (2), 0.094 (4), 0.125 (4), 0.19 (7),
0.25 (5), 0.38 (7), 0.5 (5), 0.75 (5), 1 (1)

100%

*Based on EUCAST epidemiological cutoff values (metronidazole � 2 μg/mL, vancomycin � 2 μg/mL,

moxifloxacin � 4 μg/mL, tigecycline � 0.25 μg/mL, daptomycin � 4 μg/mL) updated 14 Jan 2014 (http://

www.eucast.org) [20].

**MIC50 and MIC90 of ciprofloxacin are identical. Underlined bold numbers are MIC50, italicized bold

numbers are MIC90. NA = not applicable.

doi:10.1371/journal.pone.0127026.t002
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Fig 1. Dendrogram showing PFGE types and their correlations with RTs and STs.Numbers on the branches represent PFGE types. ID = strain identity;
RT = ribotype; ST = sequence type. The scale represents the percentage level of similarity.

doi:10.1371/journal.pone.0127026.g001
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lactams were the most commonly administered antibiotics prior to the acquisition of CDI.
This finding is consistent with the scientific literature, whereby antibiotics, including beta-lac-
tams, lincosamides, and fluoroquinolones were frequently associated with CDI [26].

Among the 53 cases, two were young children aged 1 and 6 years old. Studies have found
that C. difficile strains isolated from children with CDI are often acquired in the community in
the absence of previous antibiotic exposure [27]. Although detailed medical records were un-
available, the low MICs of moxifloxacin (0.5 and 0.38 μg/mL) for the strains isolated from the
two children indicate that their infections were acquired outside healthcare settings, particular-
ly as the MICs were well-below the EUCAST epidemiological cut-off value (� 4 μg/mL) [28].
More research involving Thai pediatric cohorts is required before further conclusions can
be drawn.

As metronidazole and vancomycin are the drugs of choice for CDI treatment [29], their
MICs were determined. Although oral vancomycin and fidaxomicin are the only FDA-ap-
proved treatments for CDI, metronidazole has also been found to be effective at treating mild
to moderate CDIs [13]. Symptom relief was observed in up to 20% of the cases within the first
48 h of following these standard treatments [30]. In Thailand, comparable results were ob-
served for oral metronidazole (72.41%), while vancomycin was shown to be an effective treat-
ment for CDI. Fluoroquinolone treatment is known to be a risk factor for the development of
CDI [26]. As such, C. difficile isolates were tested for ciprofloxacin and moxifloxacin resistance.
Finally, the MICs of various other antibiotics including linezolid, tigecycline and daptomycin
against C. difficile were also investigated to determine their suitability as alternative treatments
for CDI [14,30]. As anticipated, most C. difficile strains exhibited high MICs when tested
against fluoroquinolones, particularly ciprofloxacin, while low MICs were observed with the
new antibiotics, suggesting their potential as new therapeutic options for CDI.

Because CDT was previously found in 4–12% of toxigenic C. difficile samples [5], the iso-
lates were screened for the presence of cdtA and cdtB. Despite CDT-producers increasingly
being reported as the causative agents of CDI, our results suggest that this has not occurred in
Thailand. Infection with CDT-positive C. difficile is associated with higher mortality and recur-
rence rates [9]. This is in agreement with our findings that the CDT-negative C. difficile isolated
from Thai patients exhibited low virulence and no resistance against standard drug treatments.
Moreover, as reported previously [18], the A-B+ variant isolates mostly belonged to the same
genotype (UK 017 and ST45). This emphasizes the high correlation observed between the stan-
dard genotyping methods and the toxin genotype.

As anticipated from the treatment outcomes, the isolates had high susceptibility levels
against metronidazole and vancomycin, which are the first-line drugs for CDI treatment. Simi-
larly, no resistance was observed against the alternative drugs, tigecycline and daptomycin. For
linezolid, although an epidemiological cut-off value has not been established, all isolates
showed promising MICs of� 2 μg/mL, which is a clinical breakpoint for streptococci [20], and
lower than those isolated from the United States where strains with MIC as high as 8 μg/mL
were isolated from both animals [31] and humans [32]. Additionally, the high MIC values of
the isolates against fluoroquinolones was as expected, given the existing scientific literature.
Overall, the antibiotic susceptibility of Thai C. difficile isolates is in line with surveys from Swe-
den [14], Taiwan [19] and Canada [33], where high susceptibility to metronidazole and vanco-
mycin, and low susceptibility to fluoroquinolones were reported. However, as the clinical
breakpoints for these agents have not been established for C. difficile, interpretation of the MIC
values may produce misleading results, and their clinical applications are limited.

Finally, because MLST and ribotyping methods typically exhibit high discriminatory power
and are reliable and reproducible, they were used in this study. High overall agreement was ob-
served between the two techniques, which further emphasized their reliability and
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reproducibility. Six of the STs (ST12, ST13, ST14, ST33, ST41 and ST45) among the isolates
have also been reported in Europe, North America and Asia [11,34]. The two most common
STs in our study (ST45 and ST33) were also among the most common STs in the MLST data-
base containing 539 isolates [34]. Similarly, the rare STs in our study (ST12, ST13 and ST14)
were also rare in this database. Interestingly, the hypervirulent PCR RT UK 027 (ST3) [35] was
not observed. The absence of the latter and other CDT-producers might have contributed to
the low recurrence and mortality rates observed in Thailand thus far [17]. However, to be able
to draw this conclusion, further sampling of C. difficile from other area in Thailand
is warranted.
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Abstract

Little is known about Clostridium difficile infection (CDI) in Asia generally, and specifically in Thailand. Given the high prevalence of

inappropriate antibiotic usage in this region, CDI is likely to be common. This study investigated the prevalence and molecular

epidemiology of CDI in Thailand. Stool specimens collected from inpatients with diarrhoea at Siriraj hospital in Bangkok (n = 422) were

cultured on ChromID Cdiff agar and any presumptive C. difficile colonies were identified, PCR ribotyped and toxin profiled. As part of

the routine C. difficile testing at Siriraj Hospital, 370 specimens also underwent testing with the BD MAX Cdiff assay to detect the

presence of tcdB. With direct culture, 105 different isolates of C. difficile were recovered from 23.7% (100/422) of the stool specimens.

The prevalence of toxigenic and nontoxigenic isolates was 9.2% (39/422) and 15.6% (66/422), respectively. Of the toxigenic isolates,

69.2% (27/39) and 30.8% (12/39) were tcdA and tcdB positive (A+B+), and A−B+, respectively; none contained binary toxin genes. The five

most prevalent ribotypes (RTs) were 014/020 group (17/105), 010 (12/105), 017 (12/105), 039 (9/105) and 009 (6/105). Using toxigenic

culture as the reference standard, the sensitivity, specificity, positive predictive value and negative predictive value of the BD MAX Cdiff

assay were 68.6, 95.1, 63.2 and 96.1%, respectively. The high proportion of A−B+, RT 017 strains emphasises the need for diagnostic

tests that detect either both toxins or just tcdB. Continued surveillance that involves stool culturing will allow molecular tracking and

assist in elucidating the epidemiology of CDI in Thailand.
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Introduction

Clostridium difficile is an important aetiologic agent of antibiotic-

associated infectious diarrhoea in the developed world [1]. The
major virulence factor of C. difficile is the production of toxins A

and B [1]. Individuals infected with a toxigenic strain may
remain asymptomatic, or they may develop mild to severe
diarrhoea, colitis and, in rare cases, pseudomembranous colitis

[1]. The traditional risk factors associated with C. difficile
infection (CDI) include advanced age, recent hospitalization and

previous disruptions to the gut microbiome by agents such as
antibiotics [1].

Interest in CDI increased exponentially after highly publi-
cized outbreaks of infection in North America with C. difficile
PCR ribotype (RT) 027 in the early 2000s [2] and the emer-

gence of RT 078 in 2007 [3]. The increased morbidity and
mortality observed sparked major public health concerns,

which continue today [2]. In addition to toxins A and B, RTs
027 and 078 produce a third toxin, binary toxin, the role of

which in disease pathogenesis remains controversial [4]. One
important difference between infection with RTs 027 and 078 is

that the latter often affects individuals who lack traditional risk
factors [3]. RT 078 is associated with community-associated

New Microbe and New Infect 2017; 15: 27–32
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infection, which stimulated speculation regarding the possible

source of infection outside healthcare facilities [3]. A recent
study reported RT 078 strains isolated from humans and pigs to

be indistinguishable via whole genome sequencing, suggesting
that a zoonosis or anthroponosis may be occurring [5]. Addi-

tionally, food and environmental contamination have also been
suggested as possible sources of infection [6].

In order to monitor the prevalence and molecular charac-

teristics of C. difficile and to elucidate the epidemiology of CDI,
continued surveillance is essential. Currently, most C. difficile

research has been done in North America, Europe and
Australia, and limited data are available for Asian countries,

such as Thailand [7]. Several early prevalence studies conducted
in Thailand used toxin A enzyme immunoassay (EIA) as the sole

method of detection [7]. Given the recently reported high
prevalence of a tcdA-negative, tcdB-positive (A−B+) RT 017
(41.5%) in Thailand and the low sensitivity of EIA [8,9], the

widespread use of toxin A EIA alone is likely to have led to an
underestimation of the true prevalence. Toxigenic culture,

which is a current reference standard for C. difficile detection, is
rarely performed these days because of time and cost con-

straints, while the use of PCR-based techniques has increased
over the years [7]. In addition to a lack of an optimal detection

method, the most recent prevalence study was conducted be-
tween 2010 and 2011 [10] and the most recent molecular

epidemiologic study between 2006 and 2008 [9].
To better understand the current epidemiology of CDI in

Thailand, we investigated the prevalence and molecular char-

acteristics of circulating Thai C. difficile strains and assessed the
performance of the routine diagnostic procedure used at Siriraj

Hospital to detect C. difficile in stool specimens.

Materials and Methods

Sample collection and transport
Between April and June 2015, as part of the routine pathology

testing at the microbiology department at Siriraj Hospital,
Bangkok, Thailand, a total of 422 nonrepeat diarrhoeal samples

were collected. Of these, 370 and 52 specimens were sub-
mitted for C. difficile testing and non–C. difficile–related tests,

respectively. All samples were obtained from patients aged �18
years who experienced clinically significant diarrhoea as defined

by at least 3 diarrhoeal bowel movements in the prior 24 hours
corresponding to Bristol stool chart grade 6–7, or a single
diarrhoeal bowel movement corresponding to Bristol stool

chart grade 6–7 and associated with abdominal pain and/or
cramping. After routine C. difficile testing at Siriraj Hospital

(described below), all diarrhoeal samples were sent to a
C. difficile reference laboratory in Perth, Western Australia.

Stools were maintained at ambient temperature during

transportation.

Detection of C. difficile toxin B gene in stool specimens
All specimens submitted for C. difficile testing (n = 370) were

subjected to tcdB detection using the BD MAX Cdiff assay (BD
Diagnostic, Franklin Lakes, NJ, USA). This was done as per the

manufacturer’s instruction and as part of routine pathology
testing at Siriraj Hospital.

Isolation and identification of C. difficile
At the C. difficile reference laboratory, stool specimens were

cultured both directly on C. difficile ChromID agar (bioMérieux,
Marcy l’Etoile, France) and in a cooked meat enrichment broth
containing gentamicin (5 mg/L), cefoxitin (10 mg/L), cycloserine

(200 mg/L) and taurocholate (0.1%) as previously described
[11]. After 48 hours of incubation, to select for spores, 1 mL of

each enrichment broth was added to equal volumes of 96%
alcohol, left at room temperature for at least 60 minutes and

then plated onto C. difficile ChromID agar. All plates were
incubated in an anaerobic chamber (Don Whitley Scientific,

Shipley, West Yorkshire, UK) at 37°C in an atmosphere con-
taining 80% N2, 10% CO2, and 10% H2. Putative C. difficile
colonies were identified as described previously [11].

Molecular characterization of C. difficile isolates
All isolates were screened by in-house PCRs for the presence

of tcdA and tcdB, and binary toxin genes (cdtA and cdtB) [11], and
PCR ribotyping was performed as previously described [12].

Isolates that could not be identified with the reference library
were designated with an internal nomenclature, prefixed with
QX.

Results

Isolation of C. difficile from patients stool specimens
In total, 23.7% (100/422) of the specimens were positive via

direct culture, yielding 105 isolates (four specimens contained
more than one strain). The rest of the specimens (76.3%; 322/
422) were negative by both direct and enrichment culture

techniques (Table 1). The isolation rates for C. difficile from
specimens routinely tested with the BD MAX Cdiff assay and

those not tested were 24.1% (89/370) and 21.2% (11/52),
respectively.

Toxin gene profiling and PCR ribotyping of C. difficile
isolates
As shown in Table 1, the overall prevalence of toxigenic

C. difficile was 9.2% (39/422). Of the toxigenic isolates
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recovered, 69.2% (27/39) were A+B+, while 30.8% (12/39)
were A−B+. None of the isolate was positive for the binary

toxin genes cdtA or cdtB. Thus, the majority of isolates recov-
ered did not carry any toxin genes and were therefore

considered nontoxigenic (62.9%; 66/105).
The 38 RTs identified are shown in Table 2 along with their

respective toxin profile. Of the 105 isolates, 55.2% (58/105)

were assigned to internationally recognized RTs 005 (n = 1),
009 (n = 6), 010 (n = 12), 014/020 group (n = 17), 017 (n = 12),

039 (n = 9) and 103 (n = 1). The remaining 44.8% (47/105) of
the isolates did not match any reference strains and were

designated with an internal nomenclature (Table 2).

Assessment of BD MAX Cdiff assay performance
Of the 370 specimens tested with the BD MAX Cdiff assay, 38

(10.3%) and 332 (89.7%) were BD MAX positive and negative,
respectively (Table 1). When compared against the toxigenic

culture results, 79.2% (293/370) of the specimens were
concordant.

The performance of BD MAX Cdiff assay was calculated after
excluding the BD MAX negative specimens that yielded non-

toxigenic isolates (n = 52). With toxigenic culture as a reference
standard, the sensitivity, specificity, positive predictive value

(PPV) and negative predictive value (NPV) of the BD MAX Cdiff
assay, and their corresponding 95% confidence intervals (in pa-
rentheses) were 68.6% (50.7–83.1), 95.1% (91.9–97.3), 63.2%

(46.0–78.2) and 96.1% (93.1–98.0), respectively.

Discussion

A major risk factor associated with CDI is prior exposure to

antibiotics [13]. Given the healthcare system in Thailand, which
allows drugstores to freely distribute oral antibiotics and

patients to self-medicate, antibiotic misuse is prevalent [14].

Apart from encouraging the development of antibiotic resis-
tance, such practices also increase the risk of CDI [13]. To

assess the prevalence and molecular epidemiology of circulating
C. difficile in Thailand, toxigenic culture was performed on 422
diarrhoeal stool specimens obtained from adult patients

admitted at Siriraj Hospital in Bangkok.
By toxigenic culture, the prevalence of toxigenic C. difficile

was 9.2%. Previous studies have reported the prevalence of
CDI in Thailand to range between 4.8 and 52.2%, depending on

the study protocol and population investigated [7]. Since 2000,
two studies have investigated the prevalence of CDI among

patients at Siriraj Hospital using a culture-based technique to
isolate C. difficile and an in-house PCR to investigate the pres-
ence of toxin genes. In 2001, Wongwanich et al. [15] reported

the prevalence of C. difficile among adult patients to be 25.0%
(33/132) and that of toxigenic strains to be 13.6% (18/132).

Although the prevalence of toxigenic C. difficile was slightly
higher than that observed in the current study, it is still likely to

be an underestimation at the time, as the authors only inves-
tigated the presence of tcdA. In 2003, a lower overall prevalence

of C. difficile was reported among patients admitted at Siriraj
Hospital (18.6%; 107/574). The prevalence of toxigenic

C. difficile was 9.1% (52/574), all of which were positive for tcdA
and tcdB [16]. The prevalence in the latter publication more
closely resembled that seen in the current study and could

suggest that the prevalence of CDI in Thailand has remained
constant during the past decade.

As mentioned, the laboratory detection method used and
the characteristics of the cohort under investigation affect the

outcomes of any prevalence study. Compared to other

TABLE 1. Summary of the BD MAX Cdiff assay and toxigenic

culture results

BD MAX Culture Toxin profile Specimens, n (%) Isolates, n (%)

Positive Positive A+B+CDT− 16 (3.8) 16 (15.2)a

A−B+CDT− 8 (1.9) 8 (7.6)
A−B−CDT− 2 (0.5) 5 (4.8)a

Positive Negative — 12 (2.8) —
Negative Positive A+B+CDT− 7 (1.7) 7 (6.7)

A−B+CDT− 4 (0.9) 4 (3.8)
A−B−CDT− 52 (12.3) 54 (51.4)b

Negative Negative — 269 (63.7) —
Untested Positive A+B+CDT− 4 (0.9) 4 (3.8)

A−B−CDT− 7 (1.7) 7 (6.7)
Untested Negative — 41 (9.7) —
Total 422 105

aOne specimen contained two strains, one toxigenic and one nontoxigenic. Only
the toxigenic isolate was included in the final calculation to evaluation of the BD
MAX Cdiff assay performance. Additionally, another BD MAX–positive specimen
contained three strains, all of which were nontoxigenic. Only one of the three was
included in the final calculation.
bTwo specimens contained two strains each.

TABLE 2. Summary of Clostridium difficile PCR ribotypes and

toxin profiles

PCR ribotype

Toxin profile

n (%)tcdA tcdB cdtA/B

014/020 groupa +/− +/− − 17 (16.2)
010 − − − 12 (11.4)
017 − + − 12 (11.4)
039 − − − 9 (8.6)
009 − − − 6 (5.7)
QX 002 − − − 5 (4.8)
QX 178 − − − 4 (3.8)
QX 514 − − − 3 (2.9)
QX 001 + + − 2 (1.9)
QX 083, QX 107, QX 190, QX 506,
QX 511 and QX 524 (2 each)

− − − 12 (11.4)

005, 103, QX 026, QX 032, QX 102,
QX 161, QX 176, QX 455 and
QX 517 (1 each)

+ + − 9 (8.6)

QX 011, QX 077, QX 078, QX 117,
QX 138, QX 507, QX 508, QX
509, QX 510, QX 513, QX 515,
QX 516, QX 522 and QX 523
(1 each)

− − − 14 (13.3)

Total 105

aRT 014/020 group contains 16 A+B+CDT− isolates and one nontoxigenic isolate.
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publications in the Asian region that involved direct stool cul-

ture and toxin gene detection by a PCR-based technique, the
prevalence of toxigenic C. difficile in Thailand (9.2%) appeared to

be lower than that reported in 2015 for China (19.2%, 80/416)
[17] and similar to that reported in 2015 for India (10.9%, 121/

1110) [18]. These figures are all higher than those reported in
2015 for Spain (6.0%, 108/1800) [19] and Australia (6.4% to
7.2%) [11,20]. Many studies conducted in Asia have investigated

the prevalence of toxigenic C. difficile using direct detection of
preformed toxins in stool. In 2014, a prevalence of toxigenic

C. difficile similar to that of the current study was reported in
Singapore (9.6%; 158/1642). That study used membrane-type

EIA (C.DIFF Quik Chek Complete; TechLab, Blacksburg, VA,
USA) to detect the presence of glutamate dehydrogenase and

preformed toxins A and B, and the PCR-based Xpert C. difficile
test (Cepheid, Sunnyvale, CA, USA) to detect the presence of
tcdB [21]. On the basis of the existing data, the prevalence of

CDI in Asia ranges between approximately 9.0 and 20.0%. The
prevalence appeared to be lower among developed countries.

A high prevalence of A−B+ (RT 017) strains was noted in the
current study (11.4%), in contrast to the report by Wongwa-

nich et al. [16] for the same hospital in 2003. To detect the
presence of tcdA, the authors used only the primer sequences

which targets the nonrepeating region of tcdA (NK2 and NK3)
described by Kato et al. [22]. Some strains of C. difficile,

including RT 017, possess a deletion in the repeating region of
tcdA, rendering the toxin nonfunctional. To detect the deletion,
an additional primer pair (NK9 and NK11) is required, and

failure to use these could explain the absence of A−B+ strains in
their report [22].

Interestingly, a high prevalence of nontoxigenic C. difficile was
observed in this study (15.6%). Previous studies from Thailand

have reported the prevalence of nontoxigenic strains to be
9.6% (55/574) [16]. Studies conducted in China and India re-

ported the prevalence of nontoxigenic isolates to be 7.7% (32/
416) and 4.8% (53/1110), respectively [17,18]. There is some
evidence suggesting an association between asymptomatic car-

riage of either toxigenic or nontoxigenic C. difficile, and a sub-
sequent systemic anamnestic response of serum IgG antibody

against toxin A leading to a reduced risk of developing CDI [23].
Given the high prevalence of nontoxigenic C. difficile, it is

possible that such a mechanism plays a protective role against
CDI in Asia.

Among the specimens investigated, 12.3% were stools sub-
mitted for non–C. difficile–related tests. The prevalence of

toxigenic C. difficile among this population was 7.7%. Although
these may represent missed cases of CDI, it is possible that
C. difficile testing was not requested because of a lack of clinical

suspicion. This could not be confirmed, as no clinical data were
collected. Furthermore, some recent studies suggest that

asymptomatic carriage of toxigenic C. difficile occurs more

commonly than previously thought, in 7 to 15% of healthy
adults [24]. Further investigation is required to better interpret

the significance of such missed cases.
Using toxigenic culture as the reference standard, the sensi-

tivity, specificity, PPV and NPV of the BD MAX Cdiff assay were
68.6, 95.1, 63.2 and 96.1%, respectively. The values appeared
inferior to the previously reported sensitivity, specificity, PPV

and NPV figures for BD MAX (94.0–97.7, 97.9–99.7, 87.5–97.7
and 98.9–99.7%, respectively) [11]. It is possible that patients

may have been exposed to antibiotics before the stool collec-
tion. In such scenarios, BD MAX may have detected the pres-

ence of tcdB released by the dead C. difficile, leading to a relatively
higher number of false-positive results. One possible explanation

of false-negative findings might be an alteration in the tcdB
sequence, rendering it unrecognizable by the BD MAX Cdiff
assay. However, this was not the case, as isolates from all false-

negative samples signalled positive upon retesting on the BD
MAX assay. False-negative results may occur as a result of the

low bacterial load in the stool specimens.
The five most prevalent RTs were 014/020 group (16.2%),

010 (11.4%), 017 (11.4%), 039 (8.6%) and 009 (5.7%). An earlier
study investigating the molecular epidemiology of C. difficile

collected between 2006 and 2008 from inpatients at Siriraj
Hospital also reported RTs 017 (41.5%) and 014/020 group

(20.7%) among the top RTs [9]. Additionally, RT 014/020 group
was reported to be highly prevalent among humans in Australia
[20], Korea [25], Europe [19,26] and North America [27]. In

contrast, RT 046, which was previously reported as the third
most common RT at Siriraj Hospital (6/53), was not found [9].

The second most common RT, 017, is highly prevalent in Asian
countries, including China, Japan, Korea and Taiwan [28]. RT

017 has also caused significant epidemics in the Netherlands
and Ireland [29].

Reports on nontoxigenic C. difficile in Asia are scarce.
Hawkey et al. [30] identified two isolates of RT 009 from 21
culture-positive specimens collected from patients in China.

The lack of reporting has likely stemmed from the fact that
most molecular studies conducted in Asia focussed on the

characterization of the toxigenic strains [28]. As such, the
prevalence and molecular characteristics of nontoxigenic

strains such as RTs 009, 010 and 039 observed in this study may
have largely gone undocumented.

In addition to the top five RTs, 33 other RTs were observed,
the majority of which were novel and did not match the PCR

ribotyping patterns available in the reference library. Such a
great heterogeneity could suggest a previously undefined and
widely distributed reservoir of infection in Thailand. Further-

more, the absence of binary toxin producers, the lack of
hypervirulent RTs 027 and 078 and the high prevalence of
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nontoxigenic strains imply that the mix of C. difficile strains

circulating in Thailand may be different from that in other parts
of the world. Epidemiologic studies involving humans, com-

panion and production animals, and the environment would
shed light in possible sources of infection in both Thai health-

care facilities and communities.
CDI is common in Thailand, and continuing surveillance and

research are required to monitor its changing epidemiology.

Misuse of antibiotics remains a major driver of CDI in Asia, and
greater efforts must be made to encourage antibiotic stew-

ardship by healthcare practitioners and the public.
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Abstract

Background: Exposure to antimicrobials is the major risk factor associated with Clostridium difficile infection (CDI).
Paradoxically, treatment of CDI with antimicrobials remains the preferred option. To date, only three studies have
investigated the antimicrobial susceptibility of C. difficile from Thailand, two of which were published in the 1990s.
This study aimed to investigate the contemporary antibiotic susceptibility of C. difficile isolated from patients in Thailand.

Methods: A collection of 105 C. difficile isolated from inpatients admitted at Siriraj Hospital in Bangkok in 2015 was
tested for their susceptibility to nine antimicrobials via an agar incorporation method.

Results: All isolates were susceptible to vancomycin, metronidazole, amoxicillin/clavulanate and meropenem. Resistance
to clindamycin, erythromycin and moxifloxacin was observed in 73.3%, 35.2% and 21.0% of the isolates, respectively. The
in vitro activity of fidaxomicin (MIC50/MIC90 0.06/0.25 mg/L) was superior to first-line therapies vancomycin (MIC50/MIC90
1/2 mg/L) and metronidazole (MIC50/MIC90 0.25/0.25 mg/L). Rifaximin exhibited potent activity against 85.7% of the
isolates (MIC ≤0.03 mg/L), and its MIC50 (0.015 mg/L) was the lowest among all antimicrobials tested. The prevalence of
multi-drug resistant C. difficile, defined by resistance to ≥3 antimicrobials, was 21.9% (23/105).

Conclusions: A high level of resistance against multiple classes of antimicrobial was observed, emphasising the need for
enhanced antimicrobial stewardship and educational programmes to effectively disseminate information regarding C.
difficile awareness and appropriate use of antimicrobials to healthcare workers and the general public.

Keywords: Clostridium difficile, Thailand, Antimicrobial susceptibility

Background
Antimicrobial exposure is the major risk factor for Clos-
tridium difficile infection (CDI) [1]. In Thailand, many
antimicrobials are traded as over-the-counter drugs.
When coupled with a general lack of knowledge regard-
ing the appropriate use of antimicrobials in the commu-
nity, misuse is inevitable [2]. In 2007, an Antimicrobial
Smart Use programme was introduced in Thailand by
the World Health Organisation (WHO) to promote the
rational use of antimicrobials in patients with upper re-
spiratory tract infections, simple wounds and acute diar-
rhoea. The programme aimed to produce a sustainable
behavioural change in prescribing practices. The WHO

reported a successful pilot intervention and emphasised
the importance of collaborative effort and commitment
from healthcare practitioners and policy makers in scal-
ing up the programme [2].
Paradoxically, treatment of CDI with antimicrobials re-

mains the preferred option, with vancomycin and metro-
nidazole as first-line therapy. Current knowledge
regarding the antimicrobial susceptibility of Thai C. diffi-
cile isolates is limited to two studies published in the
1990s, and one published in 2015. Among 28 C. difficile
investigated in 1994, Kusom et al. reported a high level
of resistance (≥50%) against cefazolin, cefoperazone,
tetracycline, erythromycin, clindamycin, ampicillin, baci-
tracin and cefoxitin. All but one of the test isolates were
resistant to ≥3 antimicrobials [3]. In 1996, Wongwanich
et al. investigated 38 C. difficile isolates using E-strips
and reported the MIC50/MIC90 for teicoplanin, metro-
nidazole, vancomycin and clindamycin to be 0.38/0.5,
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0.38/0.5, 1/2 and 2/≥256 mg/L, respectively [4]. More re-
cently, Ngamskulrungroj et al. also used E-strips to in-
vestigate 53 toxigenic C. difficile and reported the
majority (98.2–100%) to be susceptible to metronidazole,
vancomycin, tigecycline and daptomycin. High MICs
(>32 mg/L) were observed in 100% and 43.4% of the
strains tested against ciprofloxacin and moxifloxacin, re-
spectively. The MIC90 of linezolid was 0.5 mg/L [5].
We recently investigated the epidemiology of CDI at

Siriraj Hospital in Bangkok [6]. From 422 stool speci-
mens, 100 (23.7%) grew C. difficile yielding 105 isolates.
Interestingly, the majority of the strains (62.9%) did not
contain genes encoding the major virulence factors toxin
A or toxin B (A−B−), while 25.7% were A+B+ and 11.4%
were A−B+. In contrast to much of the rest of the world,
none of the isolates carried binary toxin genes (CDT−)
[6]. The implications of a high prevalence of non-
toxigenic strains are unknown. It is possible that non-
toxigenic C. difficile could play a protective role against
CDI in Thailand [7], or there may be other undeter-
mined virulence factors in these lineages. Indeed, in the
previously mentioned study [6] CDI cases exhibited
lower morbidity and mortality rates compared to those
seen in North America and Europe (Putsathit P. et al.,
unpublished data). Of concern is the fact that toxigenic
strains are capable of converting toxin null strains to
toxin producers via horizontal transfer of the pathogen-
icity locus [8] and that transfer of mobile genetic ele-
ments harbouring antimicrobial resistance (AMR) genes
has been demonstrated in vitro [9]. Co-colonisation of
toxigenic and non-toxigenic strains was demonstrated
among Thai patients, indicating the possible risk of such
conversion [6].
In the absence of contemporary data and continual in-

judicious use of antimicrobials in this region [2, 10], we
investigated the antimicrobial susceptibility of these re-
cently isolated strains of C. difficile in Thailand, includ-
ing assessing the potential risk for AMR transfer from
non-toxigenic strains.

Methods
Collection, isolation and characterisation of C. difficile
The 105 C. difficile strains isolated previously [6]
belonged to 38 distinct PCR ribotypes (RTs), 55.2% (58/
105) of which were assigned to internationally recog-
nised RTs: 005 (n = 1), 009 (n = 6), 010 (n = 12), 014/
020 group (n = 17), 017 (n = 12), 039 (n = 9) and 103
(n = 1). The remaining 44.8% (47/105) of the isolates did
not match any reference strains and were designated
with an internal nomenclature prefixed QX [6].

Minimum inhibitory concentration (MIC) determination
In vitro susceptibility for fidaxomicin, vancomycin,
metronidazole, rifaximin, clindamycin, erythromycin,

amoxicillin/clavulanate, moxifloxacin and meropenem
was performed by agar incorporation method. Testing
and clinical breakpoint determination followed the recom-
mended guidelines of Clinical and Laboratory Standards
Institute (CLSI) and European Committee on Antimicro-
bial Susceptibility Testing (EUCAST) as previously de-
scribed [11].

Results
Summary MIC data for nine antimicrobials against C.
difficile isolates are shown in Table 1. All isolates were
susceptible to vancomycin, metronidazole, amoxicillin/
clavulanate, and meropenem. The in vitro activity of
fidaxomicin (MIC50/MIC90 0.06/0.25 mg/L) was superior
to vancomycin (MIC50/MIC90 1/2 mg/L) and metronida-
zole (MIC50/MIC90 0.25/0.25 mg/L). Compared to fidaxo-
micin, vancomycin and metronidazole, rifaximin exhibited
a greater MIC range (0.008–>16 mg/L). The MIC of rifax-
imin was ≤0.03 mg/L against the majority of the isolates
(85.7%; 90/105) and ≥16 mg/L for the remainder (14.3%;
15/105). The MIC50 of rifaximin (0.015 mg/L) was the
lowest of all antimicrobials tested. Nearly 3/4 (73.3%; 77/
105) of the isolates were resistant to clindamycin, while
less resistance to erythromycin (35.2%; 37/105) and moxi-
floxacin (21.0%; 22/105) was observed. The prevalence of
multi-drug resistance (MDR), as defined by resistance to
≥3 antimicrobials tested, was 21.9% (23/105). This in-
cluded RTs 017 (n = 8), 039 (n = 6), QX002 (n = 3), 010
(n = 2), QX190 (n = 2), 009 (n = 1) and QX516 (n = 1).
Except for RT 017, all of the MDR isolates were non-
toxigenic (A−B−CDT−).
Summary MIC and susceptibility data for the nine an-

timicrobials against C. difficile by toxin gene profiles are
shown in Table 2. The MIC50/MIC90 values of rifaximin
against non-toxigenic and A+B+ isolates were identical
(0.015/0.03 mg/L) and lower than those of A−B+ isolates
(>16/>16 mg/L), all of which were RT 017. Similar trends
for clindamycin, erythromycin and moxifloxacin were ob-
served where MICs for A−B+ isolates were higher than
those of non-toxigenic and A+B+ isolates (Table 2). Com-
parable levels of resistance to clindamycin were observed
for non-toxigenic (77.3%), A+B+ (66.7%) and A−B+
(66.7%) isolates. Compared to non-toxigenic isolates, rela-
tively higher proportions of A−B+ isolates were resistant
to erythromycin (40.9% vs. 83.3%) and moxifloxacin
(18.2% vs. 83.3%). No erythromycin and moxifloxacin re-
sistance was observed in A+B+ isolates.

Discussion
To investigate current trends in the antimicrobial sus-
ceptibility of Thai C. difficile, 105 recent isolates were
tested against nine antimicrobials. Reduced susceptibil-
ity to metronidazole (MIC >2 mg/L) was not recorded,
and the highest MIC/MIC50/MIC90 values (0.5/0.25/
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0.25 mg/L, respectively) were lower than those previ-
ously reported for Thailand [4]. The lack of resistance
against metronidazole is consistent with studies con-
ducted in Australia (MIC range 0.12–1 mg/L; n = 440
[11]) and North America [12], although reduced sus-
ceptibility was documented in other North American
and European studies [13]. A recent study from Taiwan
also reported reduced susceptibility to metronidazole
(MIC range of ≤0.03–4 mg/L), however, growth of 90%
of isolates (n = 403) was inhibited at 0.5 mg/L [14].
Metronidazole MICs of ≥4 mg/L were also observed in
5.3% (7/131) of C. difficile isolated in Korea [15].
The MIC50/MIC90 for vancomycin (1/2 mg/L) were

identical to those reported in Thailand by Wongwanich
et al., however, according to the epidemiological cut-off
(ECOFF) value for vancomycin (>2 mg/L), their MIC
range (0.5–3 mg/L) suggests reduced susceptibility [4].
A study conducted in North America reported a de-
crease in vancomycin susceptibility (MICs of 4 mg/L) in
13.2% (40/302) of isolates, including 39.1% (34/87) of RT
027 strains. None of the isolates carried vanA or vanB

genes [12]. Reduced susceptibility (MIC 4 mg/L) and re-
sistance (MIC >8 mg/L) to vancomycin was also ob-
served in 2.3% and 0.9% of the European isolates
(n = 918), respectively [16]. Vancomycin MICs of 4 mg/
L were also reported in North America and Europe [13],
Taiwan (2/403) [14] and Korea (4/131) [15]. With the
appearance of C. difficile with reduced vancomycin sus-
ceptibility, the ‘vancomycin MIC creep’ observed among
methicillin-resistant Staphylococcus aureus and the glo-
bal dissemination of vancomycin resistant enterococci
[17], appropriate and controlled use of this antimicrobial
is increasingly important. However, with regards to CDI,
the significance of such increases is doubtful given the
high faecal levels of vancomycin achieved with the
standard treatment regime (125 mg orally four times
daily) [13].
In the current study, the in vitro activity of fidaxomi-

cin was superior to vancomycin and metronidazole.
Using the ECOFF value recommended by the European
Medicines Agency (MIC of >1 mg/L) [18], no resistance
was observed. The lack of resistance is consistent with

Table 1 Summary MIC data for nine antimicrobials against 105 Thai C. difficile isolates

Antimicrobiala MIC range
(mg/L)

MIC50
(mg/L)

MIC90
(mg/L)

Clinical breakpoints [11] Susceptible Intermediate Resistant

S I R N % N % N %

FDX 0.004–0.25 0.06 0.25 – – – – – – – – –

VAN 0.06–2 1 2 ≤2 – >2 105 100.0 0 0.0 0 0.0

MTZ 0.015–0.5 0.25 0.25 ≤2 – >2 105 100.0 0 0.0 0 0.0

RFX 0.008–>16 0.015 >16 – – – – – – – – –

CLI 0.015–>32 8 >32 ≤2 4 ≥8 17 16.2 11 10.5 77 73.3

ERY 0.12–>256 2 >256 – – >8 – – – – 37 35.2

AMC 0.03–2 0.5 1 ≤4 8 ≥16 105 100.0 0 0.0 0 0.0

MXF 0.12–32 2 16 ≤2 4 ≥8 82 78.1 1 1.0 22 21.0

MEM 0.25–4 2 4 ≤4 8 ≥16 105 100.0 0 0.0 0 0.0
aFDX fidaxomicin, VAN vancomycin, MTZ metronidazole, RFX rifaximin, CLI clindamycin, ERY erythromycin, AMC amoxicillin/clavulanate, MXF moxifloxacin,
MEM meropenem

Table 2 Summary MIC data for nine antimicrobials against Thai C. difficile isolates by toxin gene profile

Antimicrobiala Toxigenic isolates (n = 39) A−B− isolates (n = 66) A+B+ isolates (n = 27) A−B+ isolates (n = 12)

MIC Range MIC50/MIC90 MIC Range MIC50/MIC90 MIC Range MIC50/MIC90 MIC Range MIC50/MIC90

FDX 0.008–0.25 0.06/0.25 0.004–0.25 0.06/0.25 0.015–0.25 0.12/0.25 0.008–0.06 0.03/0.06

VAN 0.25–2 1/2 0.06–2 1/1 0.25–2 1/2 0.5–2 1/1

MTZ 0.015–0.25 0.25/0.25 0.015–0.5 0.25/0.5 0.015–0.25 0.25/0.25 0.015–0.25 0.12/0.25

RFX 0.015–>16 0.03/>16 0.008–>16 0.015/0.03 0.015–0.03 0.015/0.03 0.015–>16 >16/>16

CLI 0.015–>32 8/>32 0.03–>32 8/>32 0.015–16 8/16 0.015–>32 >32/>32

ERY 0.5–>256 2/>256 0.12–>256 2/>256 0.5–2 2/2 1–>256 >256/>256

AMC 0.03–1 0.5/1 0.03–2 0.5/1 0.03–1 0.5/1 0.03–1 0.5/1

MXF 0.12–>32 2/32 0.12–>32 2/16 0.12–4 2/2 0.25–32 16/32

MEM 0.25–4 2/4 0.25–4 2/4 0.5–4 2/4 0.25–4 4/4
aFDX fidaxomicin, VAN vancomycin, MTZ metronidazole, RFX rifaximin, CLI clindamycin, ERY erythromycin, AMC amoxicillin/clavulanate, MXF moxifloxacin, MEM
meropenem. All values are shown in mg/L
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previous studies conducted in Europe (MIC50/MIC90

0.06/0.25 mg/L; n = 918) [16], North America and Eur-
ope (MIC50/MIC90 0.125/0.25 mg/L; n = 719) [13],
Australia (MIC50/MIC90 0.03/0.12 mg/L; n = 440) [11]
and Taiwan (MIC50/MIC90 0.12/0.25 mg/L; n = 403)
[14]. A disadvantage of using fidaxomicin in developing
countries is the high cost although a European study
suggested that by providing this agent to a targeted pa-
tient population in whom superior outcome has been
demonstrated, the cost could be indirectly reduced
through the shorter period of hospitalisation [19]. The
relevance of this in Asia is unclear.
Rifaximin is still under evaluation for treatment of

CDI. Although highly active against the majority of C.
difficile tested, some strains had high MICs [13, 16].
These observations are consistent with results obtained
here, where 85.7% of the isolates had MICs of ≤0.03 mg/
L. Isolates reported to have high MICs included RT 027,
which harboured a mutation in the gene encoding RNA
polymerase B (rpoB) [20]. In our study rifaximin MIC50/
MIC90 values for RT 017 (A−B+) isolates (>16/>16 mg/L)
were higher than those of non-toxigenic and A + B+ iso-
lates (0.015/0.03 mg/L in both groups). This suggests a pos-
sible alteration in rpoB and warrants further investigation.
Rifaximin resistance was previously defined as an MIC of
≥32 mg/L [20]. The highest concentration of rifaximin in-
vestigated in this study was 16 mg/L and 13.3% of isolates
had MICs of >16 mg/L, indicating possible resistance.
Fluoroquinolones have been strongly associated with

CDI and linked to the large outbreaks in Quebec hospi-
tals [21]. In 2011, a study was conducted in a large ter-
tiary hospital in Bangkok to investigate the antimicrobial
prescription patterns for adults with acute diarrhoea.
Overall, inappropriate use of antimicrobials was 48.9%,
with fluoroquinolones and the third generation cephalo-
sporin ceftriaxone being the top agents prescribed [10].
It is therefore not surprising that resistance to moxi-
floxacin (MIC ≥8 mg/L) was observed in 21.0% of Thai
isolates given the rapid rate that resistance to quino-
lones develops following exposure [22]. In Thailand,
fluoroquinolone resistance was particularly pronounced
among A−B+, RT 017 isolates (83.3%), compared to
non-toxigenic (18.2%) and A+B+ (0.0%) isolates. High
proportions of fluoroquinolone resistance were also ob-
served in Taiwan (17.9%; n = 403) [14], North America
(35.8%) [12], South Korea (62.6%; n = 131) [15], and
Europe (40.0% to moxifloxacin; n = 918 [16]). In con-
trast, limited resistance has been observed in Australia
(3.4%; n = 440 [11]), likely due to Australia’s strict na-
tional guidelines for quinolones use in human and their
prohibition of use in production animals [23].
A Korean study reported a correlation between the use

of clindamycin and the incidence of CDI [24]. In Asia,
C. difficile RT 017 is highly prevalent and is known to

harbour the ermB gene [15]. This observation supports
the high level of resistance to clindamycin (73.3%) and
erythromycin (35.2%) observed among Thai isolates, par-
ticularly in RT 017 (66.7% and 83.3%, respectively). High
proportions of clindamycin resistance (MIC of ≥8 mg/L)
were also observed in Europe (50%; n = 917 [16]) and
North America (36.8%) [12]. The ermB gene encodes a
23S rRNA methylase conferring resistance to lincosamides
and macrolides and is carried on transposons (e.g.
Tn6215, Tn6218, Tn6194 and Tn5398, the latter notably
having two copies) [25]. CDI caused by strains carrying
Tn6194 was more severe with greater mortality (29% vs.
3%) [26]. Tn6194 is the most common ermB-containing
element in European clinical isolates [27] and carries
genes for recombinases and integrases which enable intra-
and inter-species (Enterococcus faecalis) transfer [28].
In this study, MDR was prevalent (21.9%) in both toxi-

genic and non-toxigenic strains. Of note, 66.7% of RT
017 strains showed multiple resistance. Similar results
were observed among RT 017 strains in a North American
study that tested 508 C. difficile against six antimicrobials
(metronidazole, vancomycin, rifampin, clindamycin, moxi-
floxacin and tetracycline) [12]. Apart from RT 017, the
rest of the MDR strains were non-toxigenic; thus, the pre-
viously demonstrated intra-species transfer of the patho-
genicity locus [8] and AMR genes [9] suggests that these
MDR non-toxigenic strains of C. difficile are an important
consideration.

Conclusions
C. difficile in Thailand is characterised by a high level of
MDR. This includes resistance to fluoroquinolones
which are frequently used to treat acute diarrhoeal disease.
Education plays a pivotal role in creating behavioural
changes and healthcare professionals should be encour-
aged to inform their patients about the importance of
antibiotic stewardship. Although toxigenic culture is not
popular as a standalone diagnostic test, stool culturing
should still be performed to enable surveillance of the
ever-changing epidemiology of CDI and, in particular, the
development of AMR. This study demonstrates that both
non-toxigenic C. difficile and RT 017 strains can be a sig-
nificant reservoir of AMR and is yet another reminder of
the urgent need for antibiotic stewardship in Asia in gen-
eral and Thailand specifically.
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Summary
Clostridium difficile infection (CDI) has risen in prominence
in Australia recently. We conducted laboratory-based sur-
veillance of CDI to examine C. difficile circulating in
Australia in October/November 2012. We collected 542
isolates from all States and Territories of Australia except
the Northern Territory. The most common ribotypes (RTs)
were RTs 014/020 (25.5%), 002 (10.5%), 056 (5.9%) and
070 (4.2%). The survey results were compared with results
from a similar Australian survey conducted in 2010. Pro-
portions of RTs 014/020 and 002 remained similar, while
RTs 056 (5.9%), 015 (4.1%), 017 (3.3%) and 244 (2.4%)
increased in prevalence. Basic clinical and demographic
data were available for 338 cases. The majority were
healthcare facility-associated (HCFA-CDI, 51.5%) while
17.5% were community-associated (CA-CDI). While no
RTs were associated with CA-CDI, RTs 056 and 126 were
recently found in Australian production animals, indicating
a possible community health threat in Australia.

Key words: Clostridium difficile; CDI; ribotyping; molecular epidemiology;
Australia.
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INTRODUCTION
Clostridium difficile is one of the most common causes of
nosocomial infection in the developed world.1,2 Infection
occurs following ingestion of highly resistant spores which
persist in healthcare environments, evading many disinfec-
tion techniques. Risk factors for C. difficile infection (CDI)
include advanced age, antibiotic use and prolonged hospital
stay.1 Disease ranges from self-limiting diarrhoea to life-
threatening toxic megacolon and/or pseudomembranous co-
litis. Toxigenic C. difficile strains cause disease, most
commonly producing toxins A and B, and occasionally
binary toxin (CDT).
Over the past decade, C. difficile has risen in prominence

worldwide with major outbreaks of the CDT-positive ribo-
type (RT) 027 strain in North America and Europe.3 In
Australia, these strains have rarely caused disease, although
analysis of the molecular epidemiology of CDI in Australia

has not been reported on until recently.4 Three separate
known introductions of RT 027 into Australia have occurred,
once in 20085,6 and twice in 2010,7 which failed to cause
epidemics of a scale mirroring those in the Northern Hemi-
sphere.3 The range of RTs causing CDI in Australia may
differ to other world regions, which could be expected due to
its geographical isolation.
In Australia, there was a marked increase in rates of CDI

nationwide from 3.25/10,000 patient days (PD) to 4.03/
10,000 PD in 2012.8 The observed increase in CDI is unlikely
to have arisen solely because of changes in diagnostic prac-
tices, although many Australian laboratories recently adopted
molecular diagnostic methods.8 The greatest increase was
seen in rates of community-associated CDI (CA-CDI), which
were 26% of all cases from 2011 to 2012.8 CA-CDI rates
have reportedly risen in the Northern Hemisphere also,
representing up to 30% of all CDI in North America.9 Pa-
tients with CA-CDI are generally younger and have fewer co-
morbidities than patients with healthcare facility-associated
CDI (HCFA-CDI).9

Despite being a significant cause of morbidity and mor-
tality, CDI is not a notifiable disease in Australia, so
nationwide epidemiological data were scarce until recently.8

In 2010, the Australian Commission on Safety and Quality in
Healthcare (ACSQH) mandated hospital surveillance pro-
grams in all States and Territories of Australia to monitor
CDI. The data arising from these programs inform on
Australian HCFA-CDI and CA-CDI, as well as CDI of
indeterminate or unknown origin, using previously recom-
mended definitions.10

In 2010, we performed a laboratory-based ‘snapshot’
survey of the molecular types of C. difficile circulating in the
Australian healthcare setting.6 In October and November
2012, the survey was repeated and forms the basis of this
current report, allowing a comparison of the molecular
epidemiology of CDI in Australia before and after the noted
increase in incidence in 2011. In addition to data on circu-
lating strains, some basic demographic and clinical data were
collected on a proportion of cases.

METHODS
Study setting and design

The prospective study was conducted within all Australian States and Ter-
ritories except the Northern Territory, from 1 October to 30 November 2012.
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Participating hospitals and laboratories provided C. difficile isolates for
hospital-identified cases of CDI for further analysis. Isolates were received
from one public hospital in the Australian Capital Territory (ACT), from four
public and one private hospital and one private pathology laboratory in New
South Wales (NSW), one public hospital and one private laboratory in
Queensland (QLD), one private and one public laboratory in South Australia
(SA), one public hospital in Tasmania (TAS), two public hospitals and a
private laboratory in Victoria (VIC), and one public and two private labora-
tories in Western Australia (WA), providing coverage of most healthcare
facilities in participating regions. Most participating laboratories provided
diagnostic services to public hospitals, and routinely performed culture for
C. difficile or cultured positive specimens for inclusion in the isolate collec-
tion. Isolates from duplicate specimens taken within 7 days were excluded.

Definitions and data collection

Hospital-identified cases were defined as CDI identified in a patient either
admitted to hospital or attending emergency or outpatient departments, with
confirmation by either tcdB polymerase chain reaction (PCR) or positive toxin
enzyme immunoassay. Basic demographic and clinical data were collected by
medical chart review for a subset of cases in all participating States and
Territories.
CA-CDI was defined as infection identified within 48 h of admission with

no hospital admissions in the previous 12 weeks, or HCFA-CDI if discharged
from hospital or resident in a residential aged care facility (RACF) in the
previous 4 weeks, otherwise cases were defined as ‘indeterminate’.10 Cases
were also classified by location of onset of symptoms, i.e. hospital onset (HO)
or community onset (CO). Recurrent CDI was defined as any episode of CDI
occurring within 8 weeks since a previous CDI diagnosis.10 Severe CDI was
defined as one or more of the following: leukocytosis with a white blood cell
count of over 15,000 cells/mL, serum creatinine elevated �50% above the
premorbid level (or if the premorbid level was unknown, 50% above the
normal range) or temperature �38.5�C. Complicated severe CDI was defined
as ileus, hypotension, shock, megacolon, admission to intensive care unit,
colectomy or death within 30 days.4

C. difficile culture and ribotyping

Specimens or C. difficile isolates were transported to a central laboratory
[PathWest Laboratory Medicine (WA), Nedlands, WA] on swabs in transport
medium, in Robertson’s cooked meat (RCM) medium or in thioglycollate
broth. Ribotyping results were reported to the referring hospitals/laboratories.
The isolates were confirmed as C. difficile by direct culture on cycloserine-

cefoxitin-fructose agar containing 0.1% taurocholate (CCFA; PathWest
Laboratory Medicine WA). Enrichment culture was also performed in RCM
containing 5 mg/L gentamicin, 250 mg/L cycloserine and 8 mg/L cefoxitin,
followed by alcohol shock and subculture on CCFA. Clostridium difficile
colonies were confirmed by morphology, odour and chartreuse fluorescence
on blood agar, and L-proline aminopeptidase DIATABS (Rosco Diagnostica,
Denmark) reaction.

PCR ribotyping was performed according to the methods of O’Neill et al.11

The PCR products were analysed by capillary gel electrophoresis and banding
patterns were compared with a collection of reference strains on Bionumerics
v 7.5 (Applied Maths, Belgium). In cases where banding patterns differed by
one band only, RT assignments were grouped together for analysis, e.g., RT
014/020.

Statistical analysis

Data were collated in a Microsoft Office Excel database and statistical ana-
lyses were performed using InStat 3.0 (GraphPad, USA). Median ages were
compared using the Mann–Whitney U test and proportions were compared
using c2 or Fisher’s exact test. A two-sided p < 0.05 was considered statis-
tically significant.

RESULTS
Molecular epidemiology

A collection of 542 isolates was compiled from participating
laboratories and hospitals in all Australian States and Terri-
tories except the Northern Territory. The 10 most common
RTs found, comprising 65.5% of the whole collection, are
shown in Table 1, while the remaining 187 isolates repre-
sented 70 individual RTs. The three most common RTs in the
isolate collection were RTs 014/020 (25.5%), 002 (10.5%)
and 056 (5.9%). Emerging RTs which were not previously
seen in the top 10 or increased in prevalence since the
equivalent 2010 survey6 performed in the same laboratories
were RTs 056 (5.9%), 070 (4.2%), 015 (4.1%), 017 (3.3%)
and 244 (2.4%). RT 056 increased by approximately 50%
over the 2-year period, however, this increase was not sta-
tistically significant. Statistically significant (p < 0.05) in-
creases were seen for RTs 015, 017 and 244.

Demographic and clinical characteristics of cases

Basic clinical and demographic data were collected for 338
cases (Table 2). The age of cases ranged from 0 to 96 years
with a median of 66.0 years, and was significantly lower in
CA-CDI patients (median 57.0 years) compared to HCFA-
CDI patients (median 70.0 years, p = 0.02). Onset of CDI
occurred in the community in 116 cases (34.3%), in a hospital
or RACF >48 h following admission in 114 (33.7%) and 11
(3.3%) cases, respectively, or in a hospital or RACF <48 h
after admission in 36 (10.7%) cases. The majority of cases
were classed as HCFA-CDI (174, 51.5%); among which 137

Table 1 Ten most common RTs of C. difficile by Australian State or Territory

RT No. (%)

NSW WA VIC SA QLD ACT/TAS Australia

014/020 37 (18.2) 34 (31.5) 16 (21.9) 30 (39.5) 14 (26.4) 7 (24.1) 138 (25.5)
002 29 (14.3) 11 (10.2) 3 (4.1) 4 (5.3) 5 (9.4) 5 (17.2) 57 (10.5)
056 12 (5.9) 8 (7.4) 4 (5.5) 2 (2.6) 4 (7.5) 2 (6.9) 32 (5.9)
070 group 5 (2.5) 3 (2.8) 2 (2.7) 5 (6.6) 6 (11.3) 2 (6.9) 23 (4.2)
054 9 (4.4) 4 (3.7) 7 (9.6) 3 (3.9) (0) (0) 23 (4.2)
015/193 7 (3.4) 3 (2.8) 5 (6.8) 2 (2.6) 4 (7.5) 1 (3.4) 22 (4.1)
017 6 (3.0) 4 (3.7) 3 (4.1) 4 (5.3) 1 (1.9) (0) 18 (3.3)
012 9 (4.4) 4 (3.7) (0) 2 (2.6) (0) (0) 15 (2.8)
010 7 (3.4) 4 (3.7) (0) 1 (1.3) 2 (3.8) (0) 14 (2.6)
244 5 (2.5) 4 (3.7) (0) (0) 4 (7.5) (0) 13 (2.4)
Other 77 (37.9) 29 (26.9) 33 (45.2) 23 (30.3) 13 (24.5) 12 (41.4) 187 (34.5)
Total 203 (100.0) 108 (100.0) 73 (100.0) 76 (100.0) 53 (100.0) 29 (100.0) 542 (100.0)

NSW, New South Wales; WA, Western Australia; VIC, Victoria; SA, South Australia; QLD, Queensland; ACT, Australian Capital Territory; TAS, Tasmania.
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(40.5%) were HO-HCFA-CDI and 37 (10.9%) were CO-
HCFA-CDI. Fifty-nine cases (17.5%) could be defined as
CA-CDI, 45 (13.3%) were CO-CA-CDI while healthcare
onset (HO-CA-CDI) occurred in 14 (4.1%). A further 27
(7.9%) cases were classed as indeterminate, while insufficient
data were available to determine the location of onset or as-
sociation in the remaining 78 (23.1%) cases.
Severe CDI was present in 61 (18.1%) cases, and

complicated disease in seven (2.1%) cases. No significant
difference was observed for severe or complicated CDI when
CA-CDI and HCFA-CDI cases were compared (Table 2).
Recurrent infection was reported in 29 (8.6%) cases, with no
significant difference observed for CA-CDI compared to
HCFA-CDI. No specific RTs were significantly associated
with HCFA or CA-CDI, or more severe disease in our survey.

DISCUSSION
In keeping with recent reports,12 we found significant and
changing diversity in RTs of C. difficile causing infections in
Australia. Several RTs had increased in prevalence since
2010, most notably RTs 015, 017 and 244. The identification
of these strains, some of which previously caused major
outbreaks overseas,13,14 may reflect infection in returned
travellers or, more likely, introduction into Australia via some
other mechanism. Although there is mounting evidence that
C. difficile is associated with food production and animal
husbandry,15 foodborne transmission of C. difficile has not
been proven. Nonetheless, C. difficile has been isolated from
production animals in Australia16,17 and is known to
contaminate animal carcasses,18 and this means that
C. difficile is being excreted into the environment. If manure
from such animals is used to fertilise vegetable gardens then
contamination of vegetables is inevitable.19

Although the increase in RT 056 (A+B+CDT−) was not
statistically significant, its appearance is a cause for concern.
This RT was isolated from Australian calves at slaughter in
2012,16 and was the fourth most prevalent RT in WA in a
survey from December 2011 to May 2012.4 It was previously
identified in a single poultry isolate in a Dutch study.20 Bauer
et al.21 identified RT 056 among the most frequent types of
toxigenic strain found in a recent European hospital survey.
In that study, RT 056 was significantly associated with
complicated disease outcome in cases of nosocomial CDI.
Three of 25 cases with RT 056 had elevated leukocyte counts
in this study, suggesting severe disease.
RT 017 is the most commonly found A−B+ RT and is

highly prevalent in neighbouring Asian countries.13 Previous
typing studies of A−B+ C. difficile isolates from multiple
countries have shown a high degree of similarity among

strains.14,22 Epidemics in Canada, the Netherlands and
Ireland have been caused by one clonal strain of RT 017.23–25

The appearance of RT 017 may reflect travel from affected
regions, but other avenues for introduction, such as food or
animal imports, should not be ignored as these strains have
caused significant outbreaks in the Asian region.
There were nine RT 027 isolates (1.6%), eight of which

originated from NSW and one in VIC. The NSW isolates
came mainly from north Sydney suggesting, possibly, an area
of low-level endemicity. On further investigation, the single
Victorian RT 027 isolate appeared to be a recent introduction
from an overseas traveller. Until recently, Australia has been
spared the epidemic RT 027 strain of C. difficile that has been
linked to widespread outbreaks across North America and
Europe.26,27 The fluoroquinolone-resistant epidemic RT 027
strain was detected in Australia for the first time in 2009.5 The
most significant RT 027 cluster in Australia involved at least
seven patients at a Victorian hospital in early 2010.7 This RT
027 strain is still currently rare in Australia, and it appears not
to have established in Australian healthcare during recent
years. Unlike historical RT 027 isolates, the new strain is
highly resistant to fluoroquinolones;28 however, Australia has
practised conservative policies regarding fluoroquinolone use
for many years29 and this may have helped prevent local
proliferation of RT 027.
Seven RT 078 (0.9%) isolates were also identified in the

collection. This is a CDT-producing animal strain in
the Northern Hemisphere30 that is apparently not present in
Australian production animals.16,31,32The rising prevalencewe
have identified could indicate a source in Australia or, more
likely, repeated importation from overseas given the high
incidence of RT 078 infections in Europe in recent years.21 RT
078 is one of the four most common strains of C. difficile
isolated from humans in Europe.21,33

The emergence of C. difficile RT 244 in Australia is of
great interest. In a study undertaken in two tertiary hospitals
in WA from December 2011 to May 2012, the prevalence of
RT 244 was 4.3%, placing it in the top five most common
RTs in circulation at the time.4 This was lower in the current
survey (2.4%) that occurred later in October/November;
however, 11/14 RT 244 isolates (78.6%) came from private
laboratories or community hospitals, predominantly in NSW
and Queensland, suggesting community association. RT 244
strains produce CDT and are fluoroquinolone susceptible.34

They are also associated with severe disease; a small case-
control study of RT 244 infections conducted in Melbourne
from June 2011 to May 2012 found a 30-day mortality of
42%.34 Despite their geographic separation, all RT 244 iso-
lates we have studied previously were genetically highly

Table 2 Demographic and clinical characteristics of patients with C. difficile infection

All cases (n = 338) HCFA-CDI (n = 174) CA-CDI (n = 59) p

Median age, years (IQR) 66.0 (40.3–78.0) 70.0 (51.5–80.0) 57.0 (31.0–76.5) 0.02
Male 41.1% 42.0% 44.1% 0.88
Recurrence 8.6% 10.3% 6.8% 0.61
Severe CDI 18.1% 21.8% 17.0% 0.46
Complicated CDI 2.1% 3.5% 1.7% 0.68

CA-CDI, community-associated Clostridium difficile infection; CDI, Clostridium difficile infection; HCFA-CDI, healthcare facility-associated Clostridium difficile
infection; IQR, interquartile range.
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related without evidence of geographic clustering. These
findings are consistent with a point source outbreak, for
example affecting the national food chain.35 In our survey,
clinical data were available for nine isolates; one caused
severe CDI in which the leukocyte count was elevated.
Interestingly, in New Zealand at the same time (2011/12) RT
244 was reported to cause similar severe CA-CDI with
increased mortality.36

Another CDT positive strain that appeared in Australia at
the same time as RT 244 was RT 251 which comprised
1.1% of isolates. Clostridium difficile RT 251 is indistin-
guishable from ribotype C (unpublished data) described by
Weese et al.37 and has been isolated from pork and beef in
Canada. Taken together, these findings suggest that both
RTs 244 and 251 entered Australia on contaminated food.
Several other RTs of C. difficile found recently in Austra-
lian production animals, including RTs 056, 014/020,
and the CDT positive strains RTs 126/127 (1.3%) and 033
(0.2%),16,17 were also identified, adding further weight to
the hypothesis that livestock may be an important reservoir
of C. difficile. In particular, RT 033 is of concern as it has a
rarely seen toxin profile (A−B−CDT+) which will not be
detected by the vast majority of currently used rapid diag-
nostic tests based on detecting toxins A and B, or the genes
encoding these toxins.38 Moreover, it was recently reported
as the cause of severe diarrhoea in a young patient with
ulcerative colitis.39

CA-CDI was identified in 17.5% of cases in this study,
lower than that seen in a recent Australian national study that
aggregated surveillance data collected by the majority of
States and Territories.8 No RT in this study was significantly
associated with CA-CDI. The lower median age of CA-CDI
cases in our study reflects similar findings in North America.9

There were a number of limitations to this study. While the
majority of laboratories and public hospitals performing
C. difficile testing for each State or Territory were involved,
we did not achieve 100% coverage of all of Australia. In
addition, the Northern Territory was not involved in the
study, however, with a population of 243,000 it is the least
populous State or Territory in Australia. All of the labora-
tories participating in the 2010 study also participated in the
2012 survey; however, a number of additional laboratories
were included in the 2012 survey. This may have led to some
differences in proportions observed which may have been
due to sampling differences. In addition, the 2010 study was
performed over the months of September to November, while
the 2012 survey was performed from October to November,
so a completely accurate comparison may not be drawn be-
tween the two isolate collections. Clinical data were only
collected for a subset of cases, because staff were not avail-
able at all sites to perform data reviews. This may have
introduced sampling bias.
The CDI situation in Australia is currently evolving rapidly

and it is imperative that surveillance efforts are enhanced.
New virulent strains are appearing and are causing a signif-
icant amount of infection in the community. Sources of
emerging strains must be identified before they become
established in vulnerable hospital inpatient populations.
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