
 1

 

 

TITLE: Helicobacter pylori infection in paediatric refugees: 

epidemiology, symptomatology and clinico-pathological associations 

 

CANDIDATE: Dr Sarah Cherian (19304500) MBBS (Hons) FRACP 

 

STATEMENT OF PRESENTATION: This thesis is presented for the 

degree of Doctor of Philosophy of the University of Western 

Australia. 

 

SCHOOL: School of Paediatrics & Child Health and School of 

Population Health 

 

YEAR OF SUBMISSION: 2010 

 



 2

TABLE OF CONTENTS 
 
ABSTRACT ............................................................................................................. 8 

ACKNOWLEDGEMENTS ..................................................................................... 10 

PUBLICATIONS ARISING FROM THIS THESIS .................................................. 12 

ABBREVIATIONS LIST ........................................................................................ 18 

CHAPTER 1: OVERVIEW AND INTRODUCTION ................................................ 21 

1.1 HELICOBACTER PYLORI ........................................................................... 21 

1.1.1 BACKGROUND .................................................................................................. 21 

1.1.2 IMPORTANCE IN CHILDHOOD ........................................................................ 22 

1.2 PAEDIATRIC REFUGEE HEALTH .............................................................. 22 

1.2.1 BACKGROUND .................................................................................................. 22 

1.2.2 HEALTH SCREENING OF REFUGEES RESETTLING IN AUSTRALIA .......... 23 

1.2.2.1 Off-shore screening ................................................................................. 23 

1.2.2.2 Western Australian refugee screening protocols .................................... 23 

1.2.2.3 Helicobacter pylori screening .................................................................. 25 

1.3 STRUCTURE OF THIS THESIS .................................................................. 25 

1.4 AIMS AND HYPOTHESES ........................................................................... 26 

1.4.1 PRIMARY AIMS .................................................................................................. 26 

1.4.2 SECONDARY AIMS ........................................................................................... 26 

1.4.3 HYPOTHESES ................................................................................................... 26 

CHAPTER 2: METHODS AND SUBJECTS .......................................................... 28 

2.1 METHODOLOGY ......................................................................................... 28 

2.1.1 INCLUSION CRITERIA ...................................................................................... 28 

2.1.2 EXCLUSION CRITERIA AND PROCEDURE FOR WITHDRAWAL ................. 29 

2.1.3 BIOLOGICAL SAMPLES .................................................................................... 29 

2.1.3.1 Blood samples ......................................................................................... 29 

2.1.3.2 Urine samples .......................................................................................... 29 

2.1.3.3 Faecal samples ........................................................................................ 29 

2.1.4 OUTCOME MEASURES .................................................................................... 30 

2.1.4.1 H. pylori infection ..................................................................................... 30 

2.1.4.2 Clinical evidence suggestive of H. pylori infection .................................. 30 

2.1.4.3 Iron deficiency anaemia status ................................................................ 30 

2.1.4.4 Growth restriction ..................................................................................... 30 

2.1.5 SAMPLE SIZE .................................................................................................... 32 



 3

2.2 COHORT DESCRIPTION ............................................................................ 32 

2.2.1 SIZE OF STUDY POPULATION ........................................................................ 32 

2.2.2 DEMOGRAPHIC CHARACTERISTICS ............................................................. 33 

2.3 CONFOUNDERS ......................................................................................... 33 

2.4 ETHICAL CONSIDERATIONS IN REFUGEE POPULATIONS .................... 33 

2.4.1 INFORMED CONSENT ...................................................................................... 34 

2.4.2 BARRIERS TO CARE ........................................................................................ 34 

TABLE A: SUMMARY OF COHORT CHARACTERISTICS ............................... 36 

CHAPTER 3: EPIDEMIOLOGY ............................................................................. 37 

3.1 INTRODUCTION .......................................................................................... 37 

3.2 REVIEW OF LITERATURE .......................................................................... 37 

3.2.1 PREVALENCE .................................................................................................... 37 

3.2.1.1 Developing nations .................................................................................. 38 

3.2.1.2 Developed nations ................................................................................... 38 

3.2.2 AGE OF ACQUISITION ...................................................................................... 39 

3.2.3 ROUTES OF TRANSMISSION .......................................................................... 39 

3.2.3.1 Faecal-oral transmission .......................................................................... 40 

3.2.3.2 Gastric-oral transmission ......................................................................... 40 

3.2.3.3 Oral-oral transmission .............................................................................. 40 

3.2.4 RISK FACTORS FOR TRANSMISSION ............................................................ 40 

3.2.4.1 Gender ..................................................................................................... 41 

3.2.4.2 Water source ............................................................................................ 41 

3.2.4.3 Socioeconomic status .............................................................................. 41 

3.2.4.4 Ethnicity .................................................................................................... 42 

3.2.4.5 Familial transmission ............................................................................... 42 

3.2.4.6 Breastfeeding ........................................................................................... 43 

3.2.4.7 Other modulators of risk .......................................................................... 44 

3.2.5 RECURRENCE ................................................................................................... 44 

TABLE B: HELICOBACTER PYLORI PREVALENCE BY COUNTRY OF ORIGIN 

AND DIAGNOSTIC MODALITY: DEVELOPING NATIONS ............................... 45 

TABLE C: HELICOBACTER PYLORI PREVALENCE BY COUNTRY OF ORIGIN 

AND DIAGNOSTIC MODALITY: DEVELOPED NATIONS ................................ 50 



 4

TABLE D: HELICOBACTER PYLORI PREVALENCE: 

REINFECTION/RECURRANCE RATES BY COUNTRY AND DIAGNOSTIC 

MODALITY ......................................................................................................... 55 

3.3 EPIDEMIOLOGY MANUSCRIPT ................................................................. 56 

CHAPTER 4: DIAGNOSTICS ................................................................................ 69 

4.1 INTRODUCTION .......................................................................................... 69 

4.2 REVIEW OF LITERATURE .......................................................................... 69 

4.2.1 ENDOSCOPY AND BIOPSY-BASED METHODS ............................................. 69 

4.2.2 UREA BREATH TEST ........................................................................................ 70 

4.2.3 FAECAL ANTIGEN TESTING ............................................................................ 71 

4.2.3.1 Polyclonal enzyme immunoassay ........................................................... 72 

4.2.3.2 Monoclonal enzyme immunoassay ......................................................... 72 

4.2.3.3 Monoclonal Immunochromatographic assays ......................................... 73 

4.2.4 SEROLOGY ........................................................................................................ 73 

4.2.5 CULTURE ........................................................................................................... 74 

4.2.6 OTHER DIAGNOSTIC TESTS ........................................................................... 75 

4.2.6.1 Blood-based methods .............................................................................. 75 

4.2.6.2 Molecular methods .................................................................................. 75 

4.2.6.3 Other assays ............................................................................................ 75 

4.2.6.4 Virulence testing ...................................................................................... 75 

4.3 DIAGNOSTICS MANUSCRIPT ............................................................................. 76 

CHAPTER 5: SYMPTOM PROFILE AND PERIPHERAL IMMUNE RESPONSE . 93 

5.1 INTRODUCTION .......................................................................................... 93 

5.2 REVIEW OF LITERATURE .......................................................................... 93 

5.2.1 CLINICAL MANIFESTATIONS OF H. PYLORI INFECTION ............................. 93 

5.2.1.1 Adult symptom profiles ............................................................................ 93 

5.2.1.2 Paediatric symptom profiles .................................................................... 95 

5.2.1.3 Recurrent abdominal pain of childhood ................................................... 95 

5.2.2 MICROBIAL VIRULENCE FACTORS ................................................................ 96 

5.2.3 IMMUNE RESPONSES ...................................................................................... 96 

5.2.3.1 Local expression of cytokines within the gastric mucosa ....................... 97 

5.2.3.2 Circulating cytokine responses ................................................................ 97 

5.3 SYMPTOMATOLOGY AND IMMUNE PROFILE MANUSCRIPT ................. 98 



 5

CHAPTER 6: EXTRA-GASTROINTESTINAL MANIFESTATIONS: IRON 

DEFICIENCY ANAEMIA ..................................................................................... 120 

6.1 INTRODUCTION ........................................................................................ 120 

6.2 REVIEW OF LITERATURE ........................................................................ 120 

6.2.1 H. PYLORI INFECTION AND IRON DEFICIENCY ......................................... 120 

6.2.2 POSTULATED PATHOGENIC MECHANISMS ............................................... 121 

6.2.2.1 Blood loss ............................................................................................... 121 

6.2.2.2 Bacterial iron uptake .............................................................................. 121 

6.2.2.3 Host impairment of iron uptake/absorption ........................................... 122 

6.2.2.4 Hepcidin ................................................................................................. 122 

6.2.2.5 Other potential mechanisms .................................................................. 123 

6.3 HAEMATOLOGIC ASSOCIATIONS MANUSCRIPT .................................. 123 

CHAPTER 7: EXTRA-GASTROINTESTINAL MANIFESTATIONS:  GROWTH . 148 

7.1 INTRODUCTION ........................................................................................ 148 

7.2 REVIEW OF LITERATURE ........................................................................ 148 

7.2.1 GROWTH MEASUREMENTS .......................................................................... 148 

7.2.2 H. PYLORI INFECTION AND GROWTH ......................................................... 149 

7.2.3 MECHANISM OF GROWTH FAILURE ............................................................ 150 

7.2.3.1 Overview ................................................................................................ 150 

7.2.3.2 Neuro-endocrine regulation ................................................................... 150 

7.2.4 POTENTIAL CONFOUNDERS ........................................................................ 151 

7.2.4.1 Iron deficiency anaemia ......................................................................... 151 

7.2.4.2 Socioeconomic status ............................................................................ 151 

7.3 GROWTH MANUSCRIPT .......................................................................... 152 

CHAPTER 8: CONCLUSIONS, IMPLICATIONS FOR PAEDIATRIC REFUGEES 

AND FUTURE DIRECTIONS ............................................................................... 166 

8.1 INTRODUCTION ........................................................................................ 166 

8.2 EPIDEMIOLOGY ........................................................................................ 166 

8.2.1 CONCLUSIONS ................................................................................................ 166 

8.2.2 RISK FACTORS BEFORE RESETTLEMENT ................................................. 166 

8.2.3 RISK FACTORS AFTER RESETTLEMENT .................................................... 167 

8.3 DIAGNOSTICS ........................................................................................... 167 

8.3.1 CONCLUSIONS ................................................................................................ 167 

8.3.2 OPTIMAL DIAGNOSTIC METHODS FOR REFUGEE CHILDREN ................ 167 



 6

8.3.3 DRUG INTERACTIONS AND DIAGNOSIS ..................................................... 168 

8.4 GASTROINTESTINAL SYMPTOMS AND CIRCULATING CYTOKINES ... 168 

8.4.1 CONCLUSIONS ................................................................................................ 168 

8.4.2 MANAGEMENT OF ASYMPTOMATIC PAEDIATRIC INFECTION ................ 168 

8.4.3 MANAGEMENT OF SYMPTOMATIC PAEDIATRIC INFECTION .................. 169 

8.4.4 CO-MORBID INFECTIONS .............................................................................. 170 

8.4.5 PSYCHOLOGICAL CO-MORBIDITY ............................................................... 170 

8.5 EXTRA-GASTROINTESTINAL MANIFESTATIONS: IRON DEFICIENCY 

ANAEMIA ......................................................................................................... 171 

8.5.1 CONCLUSIONS ................................................................................................ 171 

8.5.2 DIAGNOSIS OF IRON DEFICIENCY ............................................................... 171 

8.5.3 CAUSES OF IRON DEFICIENCY ANAEMIA IN REFUGEE CHILDREN ....... 171 

8.5.4 CO-MORBID INFECTIONS .............................................................................. 172 

8.5.5 HAEMOGLOBINOPATHIES ............................................................................. 173 

8.6 EXTRA-GASTROINTESTINAL MANIFESTATIONS – GROWTH .............. 174 

8.6.1 CONCLUSIONS ................................................................................................ 174 

8.6.2 SOCIO-ECONOMIC STATUS .......................................................................... 174 

8.6.3 CO-MORBID INFECTIONS .............................................................................. 174 

8.6.4 OTHER ISSUES ............................................................................................... 175 

8.7 POLICY AND FUTURE DIRECTIONS ....................................................... 175 

8.7.1 AUSTRALIAN REFUGEE SCREENING PROTOCOLS .................................. 175 

8.7.2 AREAS FOR FUTURE RESEARCH ................................................................ 176 

8.7.3 IMPACT OF THESIS ON PAEDIATRIC REFUGEE HEALTH ......................... 178 

REFERENCES .................................................................................................... 179 

APPENDIX 1: MIGRANT HEALTH UNIT PAEDIATRIC SCREENING PROTOCOL

 ............................................................................................................................. 217 

APPENDIX 2: DATA COLLECTION SHEET ...................................................... 218 

APPENDIX 3: RESULTS SHEET ........................................................................ 219 

APPENDIX 4: SYMPTOM QUESTIONNAIRE ..................................................... 220 

APPENDIX 5: INFORMED CONSENT CHECKLIST .......................................... 221 

APPENDIX 6: PARENT INFORMATION SHEET ................................................ 222 

APPENDIX 7: EPIDEMIOLOGY MANUSCRIPT ................................................. 224 

APPENDIX 8: DIAGNOSTIC METHODS MANUSCRIPT ......... Error! Bookmark not 

defined. 



 7

APPENDIX 9: GASTROINTESTINAL SYMPTOMS AND CYTOKINE PROFILE 

MANUSCRIPT ............................................................. Error! Bookmark not defined. 

APPENDIX 10: HAEMATOLOGIC ASSOCIATIONS MANUSCRIPT .............. Error! 

Bookmark not defined. 

APPENDIX 11: GROWTH MANUSCRIPT .................. Error! Bookmark not defined. 

APPENDIX 12: AUSTRALASIAN SOCIETY OF INFECTIOUS DISEASES’ 

REFUGEE HEALTH SCREENING AND MANAGEMENT GUIDELINES 

(ABRIDGED VERSION) .............................................. Error! Bookmark not defined. 

APPENDIX 13: PRESENTATION OF THESIS DATA . Error! Bookmark not defined. 

 



 8

ABSTRACT  

INTRODUCTION: Helicobacter pylori is one of the most prevalent infections in the world. 

Despite this, the health significance in the paediatric population remains less defined and 

more controversial in comparison to adult infection. Children at high risk of H. pylori 

infection include those from developing countries, indigenous children and those subjected 

to socioeconomic deprivation. Many developed countries, including Australia, accept and 

provide health services for growing numbers of humanitarian refugees arriving from 

endemic H. pylori  regions.   

AIMS: This thesis aims to investigate active H. pylori infection in African refugee children. 

Specifically it will define (i) the prevalence and transmission risk factors; (ii) non-invasive 

diagnostic methods; (iii) the gastrointestinal symptom profile; (iv) the peripheral immune 

profile and (v) the extra-gastrointestinal manifestations (iron deficiency anaemia (IDA), 

hepcidin levels and growth restriction) in this cohort. 

METHODS:  A cross-sectional study of refugee children (<16 years) consecutively 

recruited at the resettlement health assessment, with interpreters used for consent as 

appropriate. Monoclonal faecal antigen immunoassay techniques (MFAT) were used to 

detect H. pylori infection and compared to faecal immunochromatographic assays (ICT) 

and H. pylori IgG serology. Demographic, anthropometric, haematological, biochemical, 

immunological and co-morbid infection data were collected and symptom questionnaires 

administered to each child. 

RESULTS: (a) Diagnosis: 201 refugee children were recruited with 8 subsequently 

excluded. Of the remaining 193 children, 182 underwent MFAT and 149 (81.9%) were 

diagnosed with active H. pylori infection.  The median (interquartile range) positive and 

negative optical density values were 2.85 (1.81-3.61) and 0.10 (0.078-0.18) respectively 

(p<0.001). ICT and serology underperformed in comparison to MFAT (ICT sensitivity 

74.6%, specificity 63.6%, positive predictive value (PPV) 89.8%, negative predictive value 

(NPV) 36.8% and serology sensitivity 57.9%, specificity 77.4%, PPV 92.0% and NPV 

29.9%).  

(b) Epidemiology: Age was an independent predictor of H. pylori infection (odds ratio 

(OR) for age in years 1.18, 95% confidence interval (CI) 1.07-1.31) with no gender or 

ethnic differences observed. Pre-migration anti-malarial treatment with sulfadoxine-

pyrimethamine and artesunate) significantly reduced the prevalence of H. pylori infection 

(age-adjusted OR 0.33, 95% CI 0.15-0.75).  

(c) Gastrointestinal symptom and immunological profiles: Symptom questionnaires 

and cytokine analyses were performed on children >2 years of age (n=163). Half of the 
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cohort was symptomatic (84/163, 51.5%) and these children were significantly younger 

(symptomatic 8.0 years  SD 3.6 versus asymptomatic 9.7 years  SD 3.9, p=0.005). 

Gastrointestinal symptoms were not associated with H. pylori infection. H. pylori-infected 

children had significantly lower circulating log-interleukin (IL)8 (OR 0.61, 95% CI 0.40-0.94, 

p=0.025). Co-morbid infections were common and associated with elevated cytokine levels 

(helminth infections: 75/163 (46%), log-IL5 (β: 0.42, 95% CI 0.077, 0.76) and malaria: 

15/163 (9.2%) log-TNFα (β: 0.67, 95% CI 0.34, 1.0) and log-IL10 (β: 1.3, 95% CI 0.67, 1.9) 

respectively.  

(d) Extra-gastrointestinal manifestations: IDA was present in 25/181 (13.8%) but not 

associated with H. pylori infection.  Children with IDA had significantly lower median 

hepcidin levels (IDA 0.14 nmol/mmol Cr (IQR) 0.05-0.061 versus non-IDA 2.96 nmol/mmol 

Cr (IQR 0.95-6.72), p=0.001). Haemoglobin, log-ferritin, iron, transferrin saturation and 

mean cell volume were positively associated with log-hepcidin levels (log-ferritin β: 1.30, 

95% CI 1.02, 1.57) and transferrin was inversely associated (β: -0.12. 95% CI -0.15, -

0.08). After adjustment for age, H. pylori infection did not adversely affect body mass index 

or other anthropometric measurements. Co-morbid infections (helminths and malaria) 

were not associated with IDA or growth restriction. 

CONCLUSIONS: H. pylori infection is extremely prevalent in resettled African refugee 

children, with infection acquired early in life.  ICT faecal antigen techniques and serology 

are not sensitive or specific for the detection of H. pylori infection in refugee children. The 

majority of children are asymptomatic and no specific gastrointestinal symptoms predict H. 

pylori infection.  Children with H. pylori infection have significantly lower circulating 

interleukin (IL)8 levels, but no clear immunological profile can be described in contrast to 

children with helminth and malaria infections who demonstrated relative T-helper 2 

skewing. IDA is common in refugee children and significantly associated with decreased 

urinary hepcidin levels, however neither were associated with H. pylori infection. Growth 

restriction is not a feature of H. pylori infection in refugee children.  The paediatric (and 

adult) refugee population has significant levels of previously undocumented H. pylori 

infection and this may have considerable impact on future health service utilisation. This 

thesis provides data on which to base rational and effective management and policy and a 

platform for further longitudinal research.  
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CHAPTER 1: OVERVIEW AND INTRODUCTION 
 

The focus of this thesis is an understanding of active H. pylori infection in African 

paediatric refugees resettled in Western Australia. To begin, there will be a brief 

introduction to H. pylori, with comments about the discovery of the bacterium and H. pylori-

associated pathology and relevance in childhood. This will be followed by a description of 

paediatric refugee health and screening programmes in Western Australia. To conclude, a 

list of aims and hypotheses of the thesis will be mentioned, to which each of the 

subsequent chapters will be devoted. 

 

 

1.1 HELICOBACTER PYLORI 

1.1.1 BACKGROUND 

Campylobacter pylori was formally identified by Robin Warren and Barry Marshall in 1982,1 

with the organism later renamed as Helicobacter pylori in 1989.2 The influential work of 

these two Western Australian researchers resulted in the discovery of the causal 

relationship between H. pylori infection, gastritis and peptic ulcer disease. Warren and 

Marshall were subsequently rewarded with the Nobel Prize for Physiology or Medicine in 

2005 due to the major impact that H. pylori infection and eradication had on health and the 

practice of medicine. 

 

H. pylori is a Gram-negative micro-aerophilic flagellated spirochaete which has adapted to 

live in a highly acidic environment, the human gastric mucosa, as well as the duodenum.2 

The organism produces oxidase, catalase and urease,2 the latter helping alkalinise the 

gastric environment, which may aid survival. H. pylori’s microbiological characteristics, in 

particular virulence factor heterogeneity, are the focus of much research interest as 

investigators explore the basis of the diversity of disease produced by the bacterium and 

interaction with the host immune system.3,4 Clearer identification of the bacterium by silver 

staining instead of traditional haematoxylin and eosin was noted by Warren in his seminal 

letter to the Lancet,1 although various other stains can be now used.5 The microbiological 

aspects of the H. pylori bacterium is further discussed in the literature review of Chapter 5 

with particular reference to clinical symptomatology and immune responses. 
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With the advent of improved technology and genetic studies, it is now postulated that 

humans have been colonised with H. pylori bacterium in excess of 50 000 years.4 It is 

believed that H. pylori originated in East Africa, but with subsequent human migration the 

bacterium can now be found on every inhabited continent.4,6,7 Colonisation of the gastric 

mucosa is one of the unique features of the bacterium which has enabled it to adapt and 

survive over the centuries. Moreover, the immense genetic diversity of H. pylori relates to 

significant ongoing gene mutations and genomic recombination. This diversity may 

modulate both clinical and immunological disease spectrums of strains, leading to variation 

in virulence and/or subsequent carcinogenic potential.4  

 

1.1.2 IMPORTANCE IN CHILDHOOD 

For the majority of individuals, infection with H. pylori is usually asymptomatic, however 

transient symptoms can occur in the setting of acute infection.8-10 In the absence of 

eradication therapy, chronic infection of the gastric mucosa can lead to significant 

complications such as gastritis, gastric or duodenal ulceration in 10-15% and gastric 

carcinoma in ~1%, although the latter has not been reported in children.10,11 As a 

consequence, H. pylori was classed as a Grade I carcinogen by the World Health 

Organisation (WHO) and International Agency for Research on Cancer (IARC).11  

 

H. pylori infection in children is highly variable and not clearly understood, with many 

children manifesting symptoms and/or complications only as adults, despite exposure for 

some years preceding. Additionally, there is increasing awareness of reported extra-

gastrointestinal effects of H. pylori, such as growth restriction and iron deficiency anaemia, 

which raises further questions with respect to the pathogenesis and/or impact of infection 

in children. Although the burden of H. pylori infection appears to be lessening in developed 

countries, the potential morbidity is substantial in developing nations. Improved 

characterisation of the pathogenesis and manifestations of H. pylori-related disease may 

ultimately lead to better treatment and/or the development of effective prevention including 

vaccination. 

 

1.2 PAEDIATRIC REFUGEE HEALTH 

1.2.1 BACKGROUND 

Paediatric refugee health is a new and expanding area of medicine. It has arisen due to 

the need to co-ordinate the screening and care of increasing numbers of resettled 
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humanitarian refugees in developed nations, such as Australia, the United States of 

America and the United Kingdom. Australia resettles approximately 14000 United Nations 

High Commissioner of Refugees (UNHCR) designated refugees annually, of whom ~50% 

are children <16 years of age.12 Families are resettled proportionately throughout the 

country, with ~10% (1400) resettled in Western Australia (WA) each year. Over the 

recruitment period of this study as described in this thesis (2005-2006), the majority (70-

80%) of resettled refugees were of African ethnicity, with smaller numbers of Burmese and 

Afghani families.13,14 Humanitarian entrants under the off-shore resettlement programme 

are classed as either “refugee entrants” (visa subclass: 200, 201, 203, 204) or “special 

humanitarian placements”.13,15  

 

1.2.2 HEALTH SCREENING  OF REFUGEES RESETTLING IN AUSTRALIA 

1.2.2.1 Off-shore screening 

Prior to formal migration to Australia, refugees undergo pre-departure medical screening 

(PDMS) and a “fitness-to-fly” assessment which is co-ordinated by the International 

Organisation for Migration (IOM).15-17 PDMS involves assessment of the current state of 

health within 72 hours of departure, including a physical examination, rapid malarial testing 

(as appropriate to geographic location), tuberculosis screening in persons previously 

known to be affected and human immunodeficiency virus (HIV) testing in certain cases.17 

Immunisation for measles, mumps and rubella is administered to all refugees aged 

between 9 months and 30 years. Pre-departure anti-helminthic treatment with albendazole 

is usually administered empirically to all refugees (over 2 years of age). Those with 

positive malarial screens are given combination anti-malarial therapy (artemether-

lumafantrine), although administration of all six doses is not directly observed by IOM staff. 

Widespread empiric anti-malarial therapy pre-departure was ceased in 2006 due to reports 

of ineffectiveness.18 

 

1.2.2.2 Western Australian refugee screening protocols 

Western Australia has a long-standing and centralised programme for all humanitarian 

refugees resettled in Perth, with screening co-ordinated through the Migrant Health Unit 

(MHU). Tuberculosis management is run in parallel to the MHU through the Perth Chest 

Clinic (PCC), with both clinics co-located in central Perth and readily accessible by public 

transport. Family-based tuberculosis clinics are run jointly by paediatric and adult 

infectious diseases and respiratory physicians. WA screening protocols are based on 

current best practice and reflect bi-national consensus guidelines.17,19-21 Almost 90% of 
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refugees now undergo voluntary screening through the MHU (an increase from 2003),14 

which allows the MHU to be one of the most comprehensive screening units in the nation 

(personal communication: Dr A Thambiran, Medical Director MHU). Refugees on visa 

subclass 866 and asylum seekers on Bridging visa E are also offered free screening 

through the MHU (in addition to the visa subclasses 200, 201, 203 and 204) however 

these categories were uncommon in this study cohort.22  

 

Paediatric refugees are screened for infections of public health importance (such as 

tuberculosis, malaria and blood borne viruses), but also those that can have complications 

if untreated (such as helminths). Baseline haematological and biochemical testing is also 

performed, including investigation for nutritional deficiencies (such as iron and vitamin D) 

and haemoglobinopathies, both of which are common in resettled refugees. Awareness of 

haemoglobinopathies is important as it may have implications for both existing children 

and future offspring if detected. Paediatric refugee screening protocols as used by the 

MHU are outlined in Appendix 1. 

 

Resettled refugee families are seen over two visits through the MHU, which occur 4-6 

weeks post resettlement in WA (personal communication: Dr A Thambiran, Medical 

Director MHU). Visit 1 is the initial health assessment, conducted by the MHU nursing staff 

assisted by professional interpreters as appropriate. On-site interpreters are used 

preferentially whenever possible. A general health screen is undertaken and screening 

bloods/chest radiographs are performed. Visit 2 takes place a week later: a detailed history 

and examination is undertaken by the medical staff and results are explained to families, 

using interpreters as required. Depending on the clinical status of the patient and/or need 

for emergent therapy (e.g. in the event of positive malaria results), refugee families are 

then directed to various health care providers.  

 

Paediatric refugees with abnormal results (or where there are clinical concerns) are 

subsequently reviewed by the Refugee Health Clinic (RHC) at Princess Margaret Hospital 

(PMH). Acute issues are processed through the Emergency department/Infectious 

Diseases and Refugee Health team, whereas sub-acute issues are evaluated via the 

RHC. Approximately 85% of paediatric refugees (<16 years) seen at the MHU are referred 

to the PMH RHC (personal communication: Dr A Thambiran, Medical Director MHU). 
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1.2.2.3 Helicobacter pylori screening 

At the time of study inception, H. pylori serological screening was added to the paediatric 

protocols due to anecdotal evidence of increasing numbers of refugee children with 

symptoms suggestive of H. pylori infection. Fifty five percent of refugee children who 

presented to the PMH RHC in early 2005 with persistent anorexia, poor weight gain and/or 

refractory iron deficiency were found to be H. pylori sero-positive (personal 

communication, Dr A Keil, Department of Clinical Microbiology PathWest, 2005). Many of 

these children had symptoms which rapidly resolved after empiric H. pylori eradication 

therapy.  

 

Prior to this study, the prevalence of active H. pylori infection in paediatric African refugees 

resettling in developed countries such as Australia had not been formally assessed.  At the 

time of study inception (2005), no specific guidelines for the diagnosis and management of 

H. pylori infection in refugee children were available, nor was there an understanding of 

the clinical presentation and/or associations in this cohort. Monoclonal H. pylori faecal 

antigen testing had not previously been undertaken in a paediatric cohort at the time of the 

study design and was a novel aspect of this research. Furthermore, there was an absence 

of a validated symptom screening tool for H. pylori in either adults or children. As such, 

elucidation of symptom profiles of refugee children with active H. pylori infection was 

added as an important clinical component of this study. 

 

1.3 STRUCTURE OF THIS THESIS 

H. pylori infection in children is a vast topic, but knowledge is in part extrapolated from 

adult or in vitro data. Given the complexity and wide expanse of topics covered by this 

thesis, each chapter will systematically address one area in turn (namely epidemiology, 

diagnostic methodology, clinical symptoms and immune profiles and extra-gastrointestinal 

manifestations) with a more comprehensive literature review headlining each chapter.  In 

this way, the reader is able to focus on the specific aspect of H. pylori infection and relate 

the literature to the study findings and paediatric refugee population. It should be noted 

that the five published manuscripts all relate to the same cohort of African refugee 

children. 

 

Chapter 2 outlines the study methodology, a description of the cohort and discusses the 

pertinent ethical implications of research in refugee populations. Chapters 3-7 will 

commence with a broad literature review of the relevant area of H. pylori infection with the 

corresponding publication from this thesis completing the chapter. Each publication 
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contains the specific statistical analyses and results relevant to that chapter as well as a 

general discussion of the findings. As there is minimal overlap between topics (and related 

publication), each chapter is a relatively discrete entity, as reflected in the study design. 

The concluding discussion chapter (Chapter 8) will focus on the clinical implications of 

these findings for refugee children with H. pylori infection, with reference to the original 

aims and hypotheses of the study, as well as commenting on future policy directions.  

 

1.4 AIMS AND HYPOTHESES 

1.4.1 PRIMARY AIMS 

a) To determine the prevalence of active H. pylori infection in paediatric refugees 

presenting to the Migrant Health Unit (MHU), Perth, Western Australia. 

b) To determine the relationship between clinical symptoms and active H. pylori infection 

in this population. 

c) To investigate the association between H. pylori infection and iron deficiency anaemia 

and growth. 

 

1.4.2 SECONDARY AIMS 

d) To compare a novel 1-step monoclonal immunochromatographic faecal antigen assay 

with the 2-step monoclonal enzyme-linked immunosorbent assay (ELISA) in the diagnosis 

of active H. pylori infection. 

e) To investigate the relationship between H. pylori serology and active infection (as 

diagnosed by faecal antigen testing). 

f) To investigate the relationship between H. pylori infection, urinary hepcidin production 

and iron status in this population. 

g) To determine the cytokine profiles in peripheral blood for children with H. pylori 

infection. 

 

1.4.3 HYPOTHESES 

a) Active H. pylori infection in paediatric refugees resettled in WA will have a prevalence of 

 50%. 

b) A novel 1-step monoclonal faecal antigen detection kit (RAPID Hp StAR, Oxoid) is as 

sensitive and specific as the current 2-step assay (Amplified IDEIA Hp StAR, Oxoid) for 

the diagnosis of active H. pylori infection. 
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c) Serology will not be a useful marker of H. pylori disease activity in refugee children. 

d) Compared to those without infection, paediatric refugees with H. pylori infection will 

have: 

- distinct symptoms, with an increased frequency of anorexia and early satiety 

-  lower haemoglobin levels and iron stores 

- decreased cross-sectional growth parameters (weight, height, body mass index 

and mid-arm circumference) 

- increased levels of urinary hepcidin 

- cytokine responses would not be biased towards a T-helper (Th) 1 profile 

 



 28

CHAPTER 2: METHODS AND SUBJECTS 
 

2.1 METHODOLOGY 

This was a cross-sectional study based at the Migrant Health Unit (MHU), Perth, Western 

Australia (WA), examining clinical and laboratory features of H. pylori in African refugee 

children. The majority of the study investigations were routinely performed as part of 

standard clinical practice during initial assessment of the children at the MHU (Appendix 

1: MHU Paediatric Screening Protocol). Demographic and anthropometric data were 

collected at the first visit. (Appendix 2: Data Collection Sheet, Appendix 3: Results 

sheet). A standardised questionnaire developed by the candidate was used to determine if 

specific symptoms were present and was administered at the first visit (Appendix 4: 

Symptom Questionnaire). Informed consent was obtained in the presence of interpreters 

(Appendix 5: Informed consent checklist and Appendix 6: Parent information sheet) and 

is discussed in detail in Chapter 2.4. 

 

2.1.1 INCLUSION CRITERIA 

African humanitarian paediatric refugees aged 0-16 years who presented to the MHU for 

routine clinical resettlement health assessment and screening were recruited. Only United 

Nations High Commissioner for Refugees (UNHCR) designated off-shore resettlement 

visa holders (Refugee and Special Humanitarian Program categories) accepted by the 

Department of Immigration and Citizenship, were included in this study.23 The 1951 United 

Nations Convention relating to the Status of Refugees24 (of which Australia is a signatory), 

defines a refugee as a person who “owing to a well-founded fear of being persecuted for 

reasons of race, religion, nationality, membership of a particular social group, or political 

opinion, is outside the country of his nationality, and is unable to or, owing to such fear, is 

unwilling to avail himself of the protection of that country” and is the definition of refugee 

used in this study. On-shore protection applicants (“asylum seekers”) were not approached 

to participate. 

 

Medical treatment was based on results obtained by routine paediatric assessment 

screening protocols that are carried out on all patients attending the MHU, and are current 

best practice.20 Tuberculosis (TB) treatment was initiated after identification of positive 

results and was conducted through the Perth Chest Clinic (PCC).  
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2.1.2 EXCLUSION CRITERIA AND PROCEDURE FOR WITHDRAWAL 

Children who had received antibiotics in the preceding 4 weeks (including treatment for H. 

pylori infection), or those with a diagnosis of an immunodeficiency or active TB were 

excluded. Children (and families) were free to withdraw at any stage from the study without 

compromising current treatment, subsequent management or follow-up. 

 

2.1.3 BIOLOGICAL SAMPLES 

2.1.3.1 Blood samples 

Blood samples were collected from recruited children at the first visit once informed 

consent was obtained (Appendix 1).  Extra serum samples were collected from children 

>2 years of age and frozen at -800C for batch cytokine assays. High sensitivity assays for 

IL1, IL2, IL4, IL5, IL6, IL7, IL8, IL10, IL12, IL13, tumour necrosis factor alpha (TNF) and 

interferon gamma (IFN) were performed by the Centre for Microscopy, Characterisation 

and Analysis, University of Western Australia, using a commercial assay (High Sensitivity 

Human Cytokine LINCOplex kit, Millipore, Missouri, USA) according to the manufacturer’s 

instructions. Further details of cytokine assays and data are provided in Chapter 5 

(Symptom profile and peripheral immune response) and Chapter 6 (Extra-gastrointestinal 

manifestations: iron deficiency anaemia). 

 

2.1.3.2 Urine samples 

Fresh “clean catch” urine samples were collected at the first visit and centrifuged within 4 

hours and immediately frozen (-800C). Urinary hepcidin-25 isoform levels were assayed 

using mass-spectrometry (SELDI-TOF MS) using validated techniques by collaborators at 

the Department of Clinical Chemistry, Radboud University, the Netherlands.25,26  Specific 

details related to urinary hepcidin techniques and results are outlined in Chapter 6 (Extra-

gastrointestinal manifestations: iron deficiency anaemia). 

 

2.1.3.3 Faecal samples 

Faecal samples were collected at the second MHU visit with immunochromatographic 

(ICT) testing performed by the candidate (blinded to serology results), then frozen for 

batch ELISA analyses (July-November 2006). All ICT and ELISA assays were performed 

by the candidate in accordance with the manufacturer’s instructions. Specific details 

related to faecal assays and comparison to H. pylori serology results are outlined in 

Chapter 3 (Diagnostics).  
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2.1.4 OUTCOME MEASURES 

2.1.4.1 H. pylori infection  

Within this thesis, active H. pylori infection refers to current infection. Active H. pylori 

infection was diagnosed by the 2-step monoclonal faecal antigen test (Amplified IDEIA™ 

HpStAR™ kits (Dako, Denmark and Oxoid, Australia)). Faecal ELISA antigen results were 

compared with H. pylori IgG serology and used as the gold standard when determining 

diagnostic performance of the ICT; RAPID Hp StAR, Oxoid, Australia). 

 

2.1.4.2 Clinical evidence suggestive of H. pylori infection 

This parameter was evaluated by obtaining a standardised symptom profile for each child 

devised and evaluated by the candidate. A simple 7-point questionnaire (administered 

through an interpreter as appropriate) was utilised to define gastrointestinal 

symptomatology (Appendix 4).  A total symptom score was produced for each child 

(minimum score = 0, maximum score = 21), based on frequency of symptoms (0-3 points 

per symptom). Further details of the symptom assessment are found in Chapter 5 

(Symptom profile and peripheral immune response). 

 

2.1.4.3 Iron deficiency anaemia status 

The proportion of individuals within H. pylori positive and negative subpopulations with 

haematological parameters indicating iron deficiency anaemia (IDA) was evaluated. IDA 

was defined as the presence of two or more abnormal age-corrected iron parameters (iron 

stores, ferritin, transferrin, transferrin receptor saturation) in the presence of reduced 

haemoglobin levels and low mean cell volume (MCV). The laboratory parameters used in 

this study are in keeping with the Australian Iron Status Advisory Panel 

(http://www.ironpanel.org.au).27,28 IDA status was correlated with urinary hepcidin levels 

and H. pylori infection as outlined in Chapter 6 (Extra-gastrointestinal manifestations: iron 

deficiency anaemia). 

 

2.1.4.4 Growth restriction 

All anthropometric measurements (weight, height and mid-upper arm circumference 

(MUAC)) were performed by a single investigator (the candidate) using the same MHU 

scales, stadiometer and tape measure and applying standardised measuring techniques.29 

Measurements were repeated to check for reliability. Data were entered into EpiInfo 

(Centre for Disease Control, Version 3.3.2 February 9 2005) program in order to obtain 
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body mass index (BMI), specific indicators (weight-for-age, weight-for-height, height-for-

age, MUAC-for-height and MUAC-for-age) and standardised (Z) scores for each child.30  

 

The majority of refugee children came from environments in which measurements of 

MUAC and weight-for-height were often utilised as a proxy for malnutrition,29-31 hence 

these variables were included in the study design. In keeping with the 1986 WHO 

recommendations, height-for-age and weight-for-height measures were included as 

preferred indicators of nutritional status reflecting possible ‘stunting’/height retardation 

and/or wasting respectively in very young children.30  

 

Growth restriction in this cohort was defined as anthropometric measurements or 

indicators below the 5th percentile for age and gender, which approximated to Z-scores of 

less than -1.64 standard deviations (SD) below age- and gender-corrected norms. It 

should be noted that the published manuscript (Chapter 7.3) predominantly refers to Z-

scores. Although the WHO guidelines generally recommended the use of -2 SD from the 

norm as cut-offs for growth restriction,30 a slightly higher Z-score cut-off was utilised in 

order to avoid under-estimating the potential effects of H. pylori infection on growth in this 

cohort. This definition was however more restrictive than other studies which use 

measurements or indicators below the 25th percentile for age and gender, which would 

overestimate any effect of H. pylori infection on growth. Additional details regarding H. 

pylori infection and growth measurements are discussed in Chapter 7 (Extra-

gastrointestinal manifestations – growth). 

 

It should be recognised that no refugee child in this cohort had marasmus (severe protein-

energy malnutrition) or kwashiorkor (severe protein deficiency resulting in muscle wasting 

and oedema). Both conditions can modulate immune function adversely, increasing 

susceptibility to infection and subsequent mortality. 

 

Due to issues relating to the instability of ghrelin during transportation, as well as the 

inconclusive evidence of a strong association between circulating levels and H. pylori 

infection in children, neuro-endocrine hormonal assays were not performed as part of this 

study.  
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2.1.5 SAMPLE SIZE 

The prevalence of H. pylori infection in Perth children (predominantly Caucasian and 

Asian) is estimated to be approximately 20%.32,33 It was estimated that a sample size of at 

least 150 refugee children was required to detect a 10% difference in prevalence (based 

on power of 0.8, an alpha error (α) of 0.05 and participation fraction of 75%). In addition, a 

sample size of 128 children was required to determine at least a 5g/L difference in 

baseline haemoglobin for individuals with confirmed active H. pylori infection (based on the 

proposed tests) compared to those with no evidence of active infection (based on  0.05, 

power of 0.8, standard deviation of 10g/L). A 5g/L differential represents a plausible 

interval in expected haemoglobin levels given comparable studies in children from 

developing countries who are H. pylori positive or negative with associated IDA.34,35  

 

Specific details of statistical analyses and relevant results are described in detail in each 

chapter publication (Chapters 3.3, 4.3, 5.3, 6.3 and 7.3 respectively). Where relevant, 

regression analyses were perfomed and included evaluation of colinearity and the 

modulating effects of co-morbid infections. If there was no significant interaction on 

exploratory analyses, then co-morbid infections (or other investigated parameters) were 

not included in the final regression models. In the interests of publication brevity, a full 

description of the entire analyses may not have been apparent. 

 

2.2 COHORT DESCRIPTION 

2.2.1 SIZE OF STUDY POPULATION 

Of the 799 African refugees presenting to the MHU in the study period (February-

November 2006 inclusive) 317 were children less than 16 years of age. Of these 201 

children were prospectively recruited into the study (63.4%). Children not recruited (n=116) 

were not approached due to the candidate’s inability to attend MHU clinic appointments on 

those days (secondary to clinical commitments). Three children were excluded as they 

were of non-African ethnicity (Burmese). A further 5 children were excluded due to recent 

antibiotic therapy, leaving a total sample size of 193 children. No child in this cohort had 

evidence of an immunodeficiency (including human immunodeficiency virus), active TB nor 

had any child received Helicobacter eradication therapy, H2-antagonists, proton pump 

inhibitors or bismuth in the preceding month. No families withdrew from this study once 

enrolled. 
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2.2.2 DEMOGRAPHIC CHARACTERISTICS 

Data were collected on age, gender, ethnicity, country of birth, country of last transit, 

protracted refugee stays in last country of transit (> 5 years), length of transit, primary 

language spoken, type of dwelling in last country of transit and pre-departure medication 

administration (anti-helminthic and/or anti-malarial therapy) (Appendix 2: Data collection 

sheet). Ethnicity of the child was determined by their parent(s) at the time of recruitment 

interview. The overall characteristics of the study cohort are summarised in Table A. 

Details of the demographic characteristics of the cohort according to H. pylori status are 

summarised in Chapter 3.3 (specifically Tables 1 and 2). 

 

2.3 CONFOUNDERS 

Given the complex nature of paediatric refugee health, important clinical, nutritional and 

laboratory data were collected, with emphasis on parameters that may potentially affect 

the health outcomes of interest. The presence of specific infections (helminths, malaria, 

tuberculosis and tinea capitis) and vitamin D deficiency (vitamin D level < 50nMol/L) were 

recorded for each child and were included in regression models to determine the effects of 

confounding and/or effect modification on the outcomes where relevant. A degree of 

ascertainment bias may have occurred due to the indirect nature of helminth infection 

diagnosis, but the definition was broadened to account for this (and is outlined in the 

relevant manuscripts). A second urinary hepcidin sample was collected (at one month 

post-treatment) in children who were diagnosed with acute falciparum malaria because 

this may have falsely elevated inflammatory responses at the time of testing (including 

hepcidin levels). Details of breast-feeding in children <24 months and menarche details 

were obtained for older girls (as appropriate) as both were identified as possible 

confounders for IDA.  

 

2.4 ETHICAL CONSIDERATIONS IN REFUGEE POPULATIONS 

This section described the specific ethical issues that need to be considered in research 

involving this potentially vulnerable population. There are an increasing number of 

guidelines and commentaries regarding acceptable standards for research in refugee and 

internally displaced populations (both adult and paediatric).36-41 These are in addition to the 

currently applied ethical guidelines regarding research in children in general.42-44 Screening 

processes at the MHU are in accordance to the best practice guidelines initially published 

in 2004, which established baseline requirements for newly arrived paediatric refugees to 

Australia.19,41,45 The MHU paediatric protocols are in accordance with the latest 
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recommendations of the Australasian Society of Infectious Diseases (ASID) guidelines for 

testing and management of infections in refugee families.20 Testing and treatment was 

performed at no cost to the families and was voluntary (except where there was a specific 

“health undertaking”, which was usually in the context of previous tuberculosis treatment or 

known exposure within the immediate family). 

 

2.4.1 INFORMED CONSENT 

Obtaining adequate informed consent in refugee populations is an important issue given 

the cultural and linguistic diversity of this group.40,46 Language barriers pose the greatest 

difficulty in obtaining consent as well as ensuring adequate assessment and investigation 

– even for those families who may have a degree of fluency in English.46-48 Current best 

practice, as adhered to by the MHU, recommends that on-site trained interpreters are 

utilised wherever possible. Where this was not feasible (e.g. with specific dialects), trained 

telephone interpreters were used (via the national Translation Interpreter Service). Family 

members were not used to translate for the purposes of obtaining consent, given that this 

may have involved breaches of confidentiality or led to inaccuracies due to the 

misunderstanding of medical terminology.46,49,50  

 

The main complicating factor was the low level of written literacy within this population 

(despite many families being verbally multi-lingual). Furthermore, many dialects have only 

a spoken form, and as a consequence written information may not add to the attainment of 

true informed consent in a percentage of families. For this reason, consent was obtained 

verbally, using a standardised checklist, administered by the candidate, with the 

assistance of an interpreter as required (Appendix 5: Informed Consent Checklist). A 

simplified study pamphlet (in English) was also supplied to the families and translated at 

the time of consent (Appendix 6: Parent information sheet). Ethics approval for this study 

was obtained through the Womens’ and Children’s Ethics Committee, Princess Margaret 

Hospital for Children, Perth, Australia (Reference #: EC06-04.13). 

 

2.4.2 BARRIERS TO CARE 

There are significant barriers to the effective care of paediatric refugee families which need 

to be understood by managing physicians and care providers.40 The RHC has evolved 

since 2005 to address these problems and attempts to provide family-centred care where 

possible. In addition to language, other logistical barriers, such as different cultural norms, 
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diverse family structures, lack of private transport and unfamiliarity with Western 

environments, can mean that patients do not attend clinics nor present in a timely manner 

when difficulties arise. Refugee families are often large, with many young children, which 

also can lead to financial stress and have a negative impact on health care (particularly 

with respect to obtaining medications or compliance with multiple different medication 

regimens within the same family for different children). Importantly, non-health concerns – 

particularly housing or education – may be of greater focus to refugee families and thus 

affect the degree of engagement with health service providers.15  

 

Previous trauma (both inflicted and witnessed) can lead to significant psychological 

barriers in seeking or attending medical care in this extremely vulnerable group and may 

manifest by reluctance to engage with medical professionals or repeated non-attendance. 

Many refugee families have members that have been lost or killed in transit which may add 

to the psychological stress of resettlement and acculturation (including development of 

survivor’s guilt). For a small proportion of families, engagement with medical professionals 

in the past may also have been in the context of torture and trauma.  This can be a 

significant barrier to families engaging openly with doctors without fear of recrimination or 

persecution. Conversely, the willingness to accept medical opinions/suggestions without 

question can also be a result of previous negative interactions with authority, which may 

also have implications for adequate informed consent. 

 

These factors were taken into consideration both in the design of the study and the 

subsequent follow-up of families who were approached to participate. All families received 

follow-up at a paediatric RHC and were managed according to current best practice and at 

no cost. A clinical refugee health liaison nurse contacted families and explained (via 

interpreter) their upcoming appointments and transportation details. Where necessary, 

refugee families were collected and transported to the clinic (by taxi or hospital transport) 

and interpreters used for all consults. Pharmaceutical support was provided by PMH in 

terms of subsidised and/or free medications, particularly where families were large. Allied 

health support (dietician, social worker and community refugee health nurse) and linking to 

the appropriate psychological care provider, Association for Services to Torture and 

Trauma Survivors (ASeTTS: http://www.asetts.org.au/) was also instituted at the time of 

RHC review.  
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TABLE A: SUMMARY OF COHORT CHARACTERISTICS 

 
 
*Estimate values represent mean ± standard deviation (SD), median and interquartile range (IQR) 
or proportion (percentage) (%); †H. pylori faecal antigen testing; ‡H. pylori serology; BMI: body mass 
index; Z-score: standardised score; MUAC: mid-upper arm circumference 

VARIABLE  
NUMBER 

ASSESSED
ESTIMATE* 

Age (years)  193 7.9 ± 4.4 

Gender (female) (%) 193 93/193 (48.2) 

Attained menarche (%) 93 10/93 (10.7) 

Breastfeeding (%) 193 18/193 (9.3) 

Period in transit (years) 193 5.4 (2.8-8.3) 
Type of dwelling (%) 
     Camp 
     Apartment 
     House 

193 

 
116/193 (60.1) 
45/193 (23.3) 
32/193 (16.6) 

Pre-departure treatment (%) 
     Albendazole 
     Anti-malarial 

193 
 

152/193 (78.8) 
83/193 (43.0) 

Co-morbid infection (%) 
     Helicobacter pylori 
     Latent tuberculosis 
     Helminths 
     Malaria 
     Tinea 

 
192†[182]‡ 

159 
193 
193 
193 

 
149/193 (81.9); 91/193 (47.2) 

11/159 (6.9) 
78/193 (40.4) 
18/193 (9.3) 
17/193 (8.8) 

Haematologic parameters 
     Haemoglobin (g/L) 
     Eosinophil count (x109/L) 
     Iron (μMol/L) 
     Ferritin (μg/L) 
     Anaemia (%) 
     Iron deficiency (%) 
     Iron deficiency anaemia (%) 

 
192 
192 
193 
192 
192 
192 
192 

 
117.6 ± 15.0 

0.17 (0.08-0.33) 
11.6 ± 5.2 

32.0 (17.2-46.7) 
63/192 (32.8) 
41/192 (21.3) 
30/192 (15.6) 

Haemoglobinopathy (%) 193 57/193 (29.5) 
Urinary hepcidin (mIntHep25/mMolCr) 153 5.2 (1.0-12.2) 
IgE (kU/L) 186 142 (95.0-459.0) 
Vitamin D deficiency (%) 191 57/191 (29.8) 
Anthropometric indices (Z-scores) 
     BMI 
     Weight for Height 
     Height for Age 
     Weight for Age 
     MUAC for Height 
     MUAC for Age 

 
171 
92 
193 
193 
140 
56 

 
0.054 ± 1.1 
0.36 ± 1.3 
-0.60 ± 1.4 

-0.32  ± 1.02 
-0.33 ± 1.03 
-0.34 ± 0.98 

Symptom profile 
     Any symptoms (%) 
     Any abdominal pain (%) 
     Total symptom score 

193 

 
102/193 (52.8) 
57/193 (29.5) 

1.0 (0-6.0) 
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CHAPTER 3: EPIDEMIOLOGY 
 

3.1 INTRODUCTION 

Helicobacter pylori infection is ubiquitous, but prevalence varies considerably with 

geographic location, ethnicity and socioeconomic status (SES). Recent evidence suggests 

that H. pylori originated in East Africa with global spread paralleling subsequent human 

migration.4,6,7 This literature review outlines the prevalence of H. pylori infection, age of 

acquisition, transmission routes and risk factors for infection. The chapter concludes with 

the published study manuscript (Appendix 7), which discusses the epidemiology of H. 

pylori infection in African refugee children resettled in Australia.51 

 

3.2 REVIEW OF LITERATURE  

3.2.1 PREVALENCE 

It is estimated that over 50% of the world’s population is infected with H. pylori.52 The 

prevalence of H. pylori infection is inversely related to the level of industrialisation of a 

nation. Nevertheless, within all countries there tend to be sub-populations at higher risk for 

transmission and infection, predominantly related to socioeconomic deprivation and/or 

Indigenous or ethnic groups (who may have lower comparative standards of living).   

 

Many field or population-based studies use serological (immunoglobulin G) methods to 

ascertain H. pylori prevalence, but IgG serology fails to discriminate between current and 

previous infection. Furthermore, serology is inaccurate in young children.53,54  Studies 

using urea breath testing (UBT) or endoscopy and biopsy are considered accurate 

methods by which to estimate the prevalence of active H. pylori infection, but the 

generalisability of results obtained from targeted studies of symptomatic cohorts is unclear. 

Newer diagnostic modalities include faecal antigen testing for H. pylori infection and 

polymerase chain reaction (PCR) testing for H. pylori DNA although the technology and 

expertise for the latter is not widely available outside of specific research settings. DNA 

methodology has been used for strain genotyping55,56 which can be used to assess familial 

transmission patterns57 or to potentially differentiate between recrudescence and re-

infection after eradication therapy. Culture of H. pylori bacteria is technically difficult58 and 

not feasible for population-based studies. Specific diagnostic methods are discussed in 

greater depth in Chapter 4 (Diagnostics), with particular emphasis on diagnosis in children. 
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Tables B and C summarise the prevalence of H. pylori infection in developing versus 

developed nations by diagnostic method. 

 

3.2.1.1 Developing nations 

H. pylori prevalence is extremely high in most developing nations, with almost universal 

infection by mid-adulthood.59-63 Recent improvement in living conditions, adequate 

sanitation, access to clean water supplies (or boiled water)59 and wider availability of H. 

pylori eradication therapy has lowered the prevalence in some regions.64,65 Despite these 

improvements there remains a disparity in H. pylori prevalence when compared to more 

industrialised countries, with the majority of infections occurring in early childhood (Table 

B). Transient infections in children (especially those under 2 years) have been reported, 

but the incidence of re-infection is common66,67 and higher than sero-reversion rates.68,69  

 

African nations generally have an extremely high prevalence of H. pylori infection from 

early in life,60,70-76 although studies undertaken in urban or industrialised centres of Africa 

demonstrate a relatively lower prevalence of infection.72  

 

3.2.1.2 Developed nations  

In comparison with the situation in developing countries, the prevalence of H. pylori 

infection in developed nations is generally lower (Table C) with the incidence of new 

infections estimated to be 0.5-2% per year of life.77-79 The prevalence of H. pylori infection 

remains influenced by important risk factors, namely (i) increased age,80 (ii) family infection 

status,81,82 (iii) ethnicity83-86 and (iv) socioeconomic conditions including degree of 

remoteness from major population centres87-90 (a trend also observed in developing 

countries).  

 

Countries with intermediate H. pylori prevalence, such as Saudi Arabia,91 Greenland,92 

Japan93 and Israel,94 have commonly undergone significant recent improvements in living 

standards (particularly sanitation) or industrialisation leading to less H. pylori transmission. 

This longitudinal reduction in H. pylori prevalence has also been reported in an American 

centre,95 but has not been replicated in wider studies from developed nations. Despite 

economic progress and wider availability of effective eradication therapy, there are 

reported difficulties in achieving a substantial reduction in H. pylori prevalence96 which may 

be a result of other factors such as bacterial virulence heterogeneity and re-infection from 

household members despite improved sanitation.  
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As reported in developing nations, transient infections in children <2 years have been 

reported and re-infection rates are also high, particularly in certain sub-populations.77,97-99 

Additionally, studies of adult refugees100 and adopted children101 resettled in developed 

countries illustrate that these sub-populations bring with them the high prevalence of H. 

pylori infection of their country of origin, which may not be apparent to treating clinicians.102  

 

3.2.2 AGE OF ACQUISITION 

Childhood has consistently been demonstrated to be the time of H. pylori infection 

acquisition97,103,104 and this age relationship remains one of the critical factors related to 

transmission. Many studies have shown that the proportion of the population with H. pylori 

infection rises with increasing age and this finding is independent of SES. Transient 

infections are reported especially in children less than 2 years of age,98 although re-

infection rates are high, particularly in high prevalence populations. 

 

In developing countries, there is a rapid rise in infection early in life, with many population 

based studies reporting a prevalence of infection approaching 50% by 5 years of 

age60,66,69,70,104-107 and peaking at 80-100% by adulthood.59-62,71,76,104  

 

In contrast, only 2-15% of asymptomatic children in developed countries are infected with 

H. pylori by 5 years of age, rising to 15-60% by adulthood (Table C).62,80-83,108-110 The peak 

incidence of infection is thought to be prior to 5 years of age.77,81,111 The rate of H. pylori 

acquisition in adulthood is much lower in developed countries, a pattern which has 

implications for the success of eradication therapies and re-infection.112 With 

improvements in sanitation and living standards, a birth cohort effect has been repeatedly 

demonstrated with significant reductions in H. pylori prevalence in subsequent 

generations.64,65,93,113 However, despite this reduction in baseline prevalence, H. pylori 

infection still increases with age particularly in developing countries.  

 

3.2.3 ROUTES OF TRANSMISSION 

Humans are the main reservoir for H. pylori bacteria114 although researchers have isolated 

H. pylori from sheep115 and sheep’s milk90,116 supporting possible zoonotic transmission. 

Whilst not unequivocally proven, it is believed that H. pylori transmission is mainly human-

human via faecal-oral and oral-oral routes.117,118  
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3.2.3.1 Faecal-oral transmission 

Although H. pylori bacteria infect gastric mucosa, viable bacteria have been successfully 

cultured from faecal specimens of young children.119 More recently, H. pylori DNA has 

been isolated from stool and saliva samples of both children and adults.120 Faecal 

contamination of water supplies, particularly in developing or rural locations, is postulated 

to be a potential risk factor for acquiring H. pylori infection in low socioeconomic regions, 

although supporting data are sparse.121-123 Enteric infections, such as hepatitis A (HAV) or 

Shigella flexineri, have also been implicated in transmission however mechanisms are yet 

to be fully elucidated.61,124,125 Data are conflicting and transmission may be related to SES 

rather than simple co-infection given that improvements in sanitation and living conditions 

have resulted in a parallel decrease in both HAV and H. pylori prevalence in some 

communities.93  

 

3.2.3.2 Gastric-oral transmission 

Parsonnet et al cultured H. pylori bacteria successfully from vomitus, surrounding air and 

stools of inoculated subjects, suggesting that the bacteria can be transmitted easily via the 

oral route.58,126 Further evidence supporting gastric-oral transmission comes from a study 

investigating gastroenteritis in households with subsequent H. pylori infection of household 

members. Half of the new infections were diagnosed in children less than 2 years of age, 

with vomitus the main source of infection.127  

 

3.2.3.3 Oral-oral transmission 

The oral-oral route of transmission has also been suggested with H. pylori isolated from 

saliva.120 Pre-mastication, which is common in some developing countries, or other 

practices involving saliva exchange (e.g. pacifiers,128 sharing common plates129 or sharing 

food with chopsticks130) may potentially facilitate familial (particularly mother-child) 

transmission in early life.84,131  

 

3.2.4 RISK FACTORS FOR TRANSMISSION 

As discussed in section 3.2.2, age is one of the most important risk factors for H. pylori 

infection. This section discusses other societal risk factors for H. pylori infection, although 

many factors are inter-related particularly in developing countries. An individual’s 

susceptibility to infection can be considered as an interplay between social and 

environmental risk factors, the host immune response, bacterial virulence factors and 
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antibacterial resistance patterns. The influences of immunity and virulence will be 

discussed in more detail in Chapter 5 (Symptom profile and peripheral immune response). 

 

3.2.4.1 Gender 

The majority of paediatric literature does not support a gender bias in H. pylori 

infection.66,70,80,88,89,132-134 In studies where gender has been found to be significant, males 

appear to be at increased risk of infection.87,106,110,129,135 An earlier study by Klein et al 

found that male infants were more likely acquire H. pylori and girls were more likely to 

spontaneously clear their infections by 30 months of age.69 In contrast, a meta-analysis by 

de Martel et al has demonstrated a male predominance in adults (adjusted for age and 

SES) but does not support a gender bias in children.136 There are limitations of this meta-

analysis which affects its conclusions; specifically (i) included studies mostly used serology 

to detect H. pylori, (ii) analyses did not include studies from Africa or many other 

developing nations, (iii) analyses excluded studies with sample sizes <500, (iv) studies 

using asymptomatic subjects were excluded and (v) relatively heterogeneous paediatric 

samples were included.136 

 

3.2.4.2 Water source 

Poor sanitary conditions and contamination of water supplies and/or food crops are 

thought to contribute to the transmission of enteric infections, including H. pylori, although 

not all studies demonstrate this consistently.59,70,106,123,137-139 H. pylori organisms have been 

cultured from water sources with difficulty,140 however the bacterium is able to survive in 

biofilms for 3-4 weeks.122,123 Recently researchers have also been able to detect H. pylori 

DNA from water using PCR methods.141  

 

 A “clean water index” (CWI) has been used as a proxy marker for sanitation, assessing 

factors such as drinking boiled water, frequency of storing or re-using water, frequency of 

bathing.61 Studies have demonstrated that the CWI relates to the level of household 

sanitation and hygiene practices and inversely associated to H. pylori infection.59,61  Other 

important variables that may influence H. pylori transmission include the use of shared 

toileting facilities rather than indoor household toilets59,61,133,142 and drinking from 

communal water sources such as wells or rivers versus household taps.59,61,142  

 

3.2.4.3 Socioeconomic status  

Low socioeconomic status (SES) is a significant risk factor for H. pylori infection and is 

inter-related with poor sanitation, deprivation and, on a broader level, societal 
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industrialisation. Malaty et al highlighted the importance of childhood SES with respect to 

the acquisition of H. pylori infection103 and the relationship has been demonstrated in 

subsequent studies both in developed and developing nations.70,110,134,143 A lack of 

association between H. pylori infection and SES has been demonstrated in a few studies, 

particularly with respect to the prevalence in young children99,105,132,144 and/or re-infection in 

children,97,145 but the majority of studies demonstrate a strong inverse relationship between 

SES and H. pylori prevalence. 

 

Important dimensions of SES include parental education and/or literacy 

levels,65,66,70,88,107,120,142,143,146-148 parental occupation (and hence income)32,70,134 and 

overcrowding (often represented by the “crowding index”: i.e. the number of persons in 

household/number rooms in house).59,61,68,148-152 A higher level of maternal education has 

been found to be protective against H. pylori infection,143 as well as other infectious and 

non-infectious health outcomes,153-155 although it is difficult to separate education from 

other socio-economic determinants.  

 

3.2.4.4 Ethnicity 

Within individual nations, ethnicity has been shown to be an independent risk factor for H. 

pylori infection in many studies.77,84,86,110,134,139,142,147 Part of this difference may be related 

to SES and family structure but also may be related to ethnic traditions or behaviours.130 

This is often true for migrant and indigenous populations where relative deprivation, large 

family size and/or rural isolation may contribute to increased risk of infection83,85,87,156 

although not all studies show this consistently.61,88,157 It is also possible that differences in 

host genetic factors may play a role in a person’s susceptibility to H. pylori infection. 

 

3.2.4.5 Familial transmission  

The presence of infected family members is thought to be a significant risk factor for H. 

pylori infection, particularly with respect to transmission in early life and in low prevalence 

populations.83,144 Spousal transmission can occur if a partner is positive, however the 

overall significance of such transmission in adulthood is questionable.158,159 Many studies 

have demonstrated that despite high levels of paternal H. pylori infection, it appears that 

maternal infection status is more important for transmission to 

children.35,81,83,84,105,146,150,160,161 This in part may relate to child-rearing practices (e.g. bed 

sharing) and degree of time that young children spend with mothers (versus fathers going 

to work or spending time away from children).  
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Infected siblings are also a risk factor for both transmission of H. pylori infection81,161-163 

and re-infection97 with studies demonstrating that a greater number of older siblings is 

associated with an increased risk of infection92,146,164,165 although birth order does not 

consistently appear to be a significant risk modulator.82  

 

The putative pathway of vertical (mother-child) transmission  has been supported by 

recent literature describing H. pylori genotyping clonal lineages in families and likely 

infection patterns.56,57,159,166 Interestingly, a study has shown that children attending day 

care facilities in low prevalence countries are also at higher risk of H. pylori infection,89 and 

this potential child-child transmission may explain the difference in strains between family 

members. Genotyping has also been used to differentiate transmission between families in 

developed versus developing countries, with those in the latter group displaying a greater 

frequency of horizontal transmission of diverse H. pylori strains as well as vertical 

transmission of similar strains within investigated families.167 

 

3.2.4.6 Breastfeeding 

Breastfeeding appears to be protective against H. pylori acquisition. Despite conflicting 

literature81,88,89,105-107,168,169 a recent meta-analysis shows a clear protective effect of 

breastfeeding, which may be related to passive immunity against acquiring infection in 

contrast to a dose-protective effect.170 Furthermore, when subgroup analyses were 

performed, the maximal benefit from breastfeeding was seen in low and middle income 

nations, where H. pylori prevalence is often extremely high, in contrast to high-income (or 

developed nations) where the protective effect did not reach statistical significance. Anti-H. 

pylori IgA antibodies have been detected in breast milk of Gambian women which 

appeared to modulate H. pylori-associated weight loss in their offspring.171 Importantly, 

Chak et al concluded that an increased duration of breastfeeding (for longer than 4 

months) did not confer any advantage in reducing H. pylori prevalence.170 The presence of 

maternal antibodies may partially explain the high incidence of reported transient infections 

in early infancy,98 with the natural loss of maternal humoral protection between 4-6 months 

of age leading to the loss of protection from breastfeeding. The rise and decline of 

temporal immunity from breastfeeding is therefore an important factor in defining the 

process of maternal-child transmission and may partially explain the difference in parental 

transmission of H. pylori in childhood.  
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3.2.4.7 Other modulators of risk 

There is burgeoning interest in H. pylori infection, with many risk factors explored in the 

literature. The evidence for the following potential risk factors remain inconclusive with the 

majority of data failing to support a consistent association; smoking,32,85,105,135,172,173 alcohol 

ingestion62,85,110,135,173 and blood group status.33,66 Living in a rural location however has 

been shown to contribute to increased risk of H. pylori infection, even in developed 

countries, for both adults and children, although the mechanisms are unclear and may be 

linked to SES and related infrastructure.59,61,71,87,89,173 

 

3.2.5 RECURRENCE 

It is critical to establish whether apparent recurrences of H. pylori occur as a result of re-

infection or recrudescence.79 The latter typically occurs within the first 12 months after 

eradication therapy following a negative result (confirmed by endoscopy, UBT or faecal 

antigen testing). Genotyping, if available, can confirm that the recurrent strain is identical 

to the original H. pylori organism. Antimicrobial resistance, shorter or less efficacious drug 

regimens and non-compliance with therapy may predispose to recrudescence.174  In 

contrast, re-infection with H. pylori bacteria occurs more than a year after treatment and 

proven clearance. Whilst re-infection is usually with a non-identical H. pylori strain, new 

infections with the same strain (e.g. intra-familial transmission) can occur, reflecting the 

lack of sterilising immunity that follows infection. In addition to the risk factors discussed 

previously, the presence of more virulent genotypes such as Cag A and Vac A positive 

strains, may also contribute to recurrence although not all the literature is supportive of this 

association.137 

 

Even though recurrence rates are generally low (Table D), there is still a higher incidence 

in developing countries,67,79,174,175 in very young children97,98,172,176 and in those with 

younger siblings.145  It should be noted that studies that include recrudescent cases (i.e. 

those within the first year after eradication) may overestimate the true recurrences, 

especially as the highest recurrence is within the first year.172,177  
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TABLE B: HELICOBACTER PYLORI PREVALENCE BY COUNTRY OF ORIGIN AND DIAGNOSTIC MODALITY: 

DEVELOPING NATIONS (excludes reviews)  

AUTHOR YEAR COUNTRY 
SAMPLE SIZE AND 
CHARACTERISTICS 

AGE 
RANGE 

DIAGNOSTIC 
MODALITY 

PREVALENCE 

Cheng173 2009 China 1232: ASx (rural: 501, urban 731) 2-79y UBT 
Overall: 45% 
Urban: 41% 
Rural: 55% 

Santos63 2009 

Argentina 
Bolivia 
Brazil 
Cuba 

Mexico 
Venezuela 

307: ASx 
424: ASx 
1007: ASx 
996: ASx 
71: ASx (pregnant) 
418: ASx 

4-17y 
5-9y 

18-45y 
7-12y 
14-32y 
3-14y 

UBT 

Argentina: 25% 
Bolivia: 74% 
Brazil: 71% 
Cuba: 48% 
Mexico: 59% 
Venezuela: 78% 

Mohammad151 2008 Egypt 286: ASx  6-15y UBT Overall: 72% 

Ozen68 2006 Turkey 
377 baseline/ASx: followed 6 years  
(136) 

8-17y UBT 

Baseline: 53% 
Follow-up: 57% 
Incidence new infection: 14% 
Loss infection: 5.5% 

Przybyszewska132 2006 Poland 198: ASx 6m-4y UBT 

Overall: 18.4% 
0-1y: 44% 
1-2y: 17% 
3-4y: 17 

Camargo164 2004 Colombia 
666: ASx. 2 regions: Pasto (high ca 
risk) vs. Tumaco (low ca risk) 

1-6y UBT 
Overall: 60% (P) vs. 59% (T) 
1y: 34% (P) vs. 32% (T) 
6y: 80% (p) vs. 68%(T) 

Ertem107 2003 Turkey 327: ASx 3-12y UBT 

Overall: 49% 
<4y: 18% 
4-6y:41% 
6-8y: 49% 
8-10y: 50% 
11-12y: 63% 

Rodrigues105 2006 Brazil 353: ASx 0-14y UBT 
Overall: 56% 
6m-5y: 43% 
6-10y: 60% 
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11-14y: 70% 

AUTHOR YEAR COUNTRY 
SAMPLE SIZE AND 
CHARACTERISTICS 

AGE 
RANGE 

DIAGNOSTIC 
MODALITY 

PREVALENCE 

Nabwera129 2000 Kenya 192: ASx 3-15y UBT Overall: 81% 

Klein69 1994 Peru 
105:Asx (56 followed 6m  to 2y or 
30m) 

6/12m UBT 

Overall: 71% 
1y: 58% 
18m: 48% 
2y: 50% 
30m: 52% 

Yucel146 2009 Turkey 165: ASx 2-12y MFAT 
Overall: 31% 
If positive mother: 76% 

Dube76 2009 
South 
Africa  

358: ASx (rural) 2m->60y MFAT 

Overall:87% 
0-12y:76% 
13-24y: 100% 
25-47y: 100% 
48-60y: 86% 
>60y: 100% 

Kori94  2009 Israel 316: ASx 0-5y MFAT 

Overall: 25% 
<1y: 7% 
1-2y: 32% 
2-5y: 35% 

Bhuiyan66 2009 Bangladesh
238:Birth cohort followed to 2y then 
assessed 

0-2y 
MFAT and 
serology 

Overall: MFAT 49% vs. 
Serology 60% 
10% transient 

Langat70 2006 Kenya 195: ASx 0-3y PFAT 

Overall: 46% 
0-6m:62% 
7-12m: 40% 
13-18m: 27% 
25-30m:70% 
31-36m: 51% 

Huang133 2004 Borneo 295:ASx 7m-89y PFAT 

Overall: 38% 
<2y~ 33% 
2-4y~ 34% 
4-6y~ 40% 
6-8y~ 28% 
8-10y~ 48% 
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AUTHOR YEAR COUNTRY 
SAMPLE SIZE AND 
CHARACTERISTICS 

AGE 
RANGE 

DIAGNOSTIC 
MODALITY 

PREVALENCE 

Ndip106 2004 Cameroon 176: ASx 0-10y PFAT 

Overall: 52% 
0-3y: 37% 
3-6y: 50% 
7-10y: 71% 

Shmuely124 2004 Israel 
154: Sx with concurrent 
gastroenteritis (Shigella 78; 
Salmonella 76)  vs. controls (65) 

2m-6y MFAT 
Controls: 12% 
Salmonella: 14% 
Shigella: 33% 

Mishra120 2008 India 245: ASx 
8m-16y 
17-60y 

Saliva and 
Stool Hp DNA 

PCR 

            Saliva      Stool 
Overall: 46%         43% 
<5y:       2%           4% 
5-10y:    23%         14% 
11-16y:  56%         50% 
17-30y                   64%  
31-45y:  69%  

Ahmed59 2007 South India 
500: Symptomatic (for 
endoscopy/Bx) 

30-79y 
Gastric Bx Hp 

DNA PCR 

Overall: 80% 
30-39y: 75% 
40-49y: 86% 
70-79y; 90% 

Nouraie143 2009 Iran 2561: ASx 18-65y Serology 
Overall 69% 
Peak 46-55y: 79% 

Jafri148 2009 Pakistan 1976: ASx 1-15y Serology 

Overall: 47% 
1-5y: 37% 
6-10y: 47% 
11-15y: 54% 

Chen64 2007 China 
1993 (830) and 2003 (1471): ASx 
Follow-up study regional 
prevalence 

3-92y Serology 

              1993      2003 
Overall:   56%       47% 
1-5y:       31%       19% 
5-10y:     39%       23% 
10-20y:   48%       37%  
20-30y:   65%       53% 
40-50y:   76%       63%  

Ngyuen165 2006 Vietnam 824: ASx 6m-15y Serology 

Overall: 34% 
<3y: 27% 
3-6y: 33% 
6-10y: 40% 
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10-15y: 39% 

AUTHOR YEAR COUNTRY 
SAMPLE SIZE AND 
CHARACTERISTICS 

AGE 
RANGE 

DIAGNOSTIC 
MODALITY 

PREVALENCE 

Siai149 2008 Tunisia 1055: ASx 6-7y Serology Overall: 51% 

Thachenko65 2007 Russia 
1995 (207), 2005 (270): ASx. 
Follow-up study of regional 
prevalence 

0-19y Serology 

              1995      2005 
Overall:   44%       13% 
1-5y:       30%        2% 
15-190y: 48%       25% 

Mbulaiteye60 2006 Tanzania 788:ASx (513</= 17y) 0-60y Serology 
Overall: 92% 
0-4y: 76% 
≥18y: 99% 

Aguemon150 2005 Benin 446: ASx (rural and urban) 2-75y Serology 
Overall: 74% 
Rural: 72% 
Urban: 75% 

Escobar161 2004 Brazil 
Index 38: (symptomatic Dx by 
endoscopy), family ASx (112) 

Index: 2-
14y 

Family: 2-
54y 

Serology 
Index: 71% 
Family: 72% (Kids 67%, vs 
Adults75%) 

McLaughlin74 2003 Zambia 87: ASx 14-23y Serology Overall: 61% 

Nurgalieva61 2002 Kazakhstan 288: ASx 10-60y Serology 

Overall: 79% 
10-19y: 64% 
20+y: 86% 
60y: 100% 
HAV: 86% seropositive overall 

Naficy99 2000 Egypt 187: ASx 6m-3y Serology 

Baseline prevalence: 10% 
6-11m: 14% 
12-17m: 15% 
18-23m: 5% 
24-29m: 7% 
30-35m: 12% 
Incidence new infection: 15% 
Seroreverted: 73% (0 if 18m+) 

Lindkvist178 1998 Ethiopia 242: ASx 2-4y Serology 
Overall: 48% 
<36m: 41% 
36-48m: 52% 
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AUTHOR YEAR COUNTRY 
SAMPLE SIZE AND 
CHARACTERISTICS 

AGE 
RANGE 

DIAGNOSTIC 
MODALITY 

PREVALENCE 

Lindkvist73 1996 
Ethiopia 
Sweden 

242: ASx (looking at age of 
acquisition) 
295: ASx 

2-14y 
1-15y 

Serology 

                 Ethiopia   Sweden 
2y                  10%       0% 
3y                  ~25%     5% 
4y                  ~57%     0% 
6y                    80%     5% 
10y                  95%     20% 

Holcombe104 1993 Nigeria 
143: ASx  
100: ASx 

10-19y 
0-10y 

Serology 
<1y: 58% 
0-10y: 69% 
10-19%: 91% 

Megraud62 1989 

France 
Vietnam 
Algeria 

Ivory Coast 

2215 (ASx): comparative analysis 0-60y Serology 

Overall 47% 
France: <10y: 3.5% 
              >40y: 35% 
 
Vietnam: <10y: 13.5% 
               >30y: 75% 
Algeria: <10y: 95% 
              Adult: 80-90% 
Ivory Coast:>10y: 55% 
              Adult: 80-90% 

Zaterka142 2007 Brazil 993: ASx Adults Serology Males: 66% Females: 63% 

Fernando71 2001 Zambia 221: ASx (191: endoscopy also) Adults Serology  
Overall: 81% 
HIV+: 35% 

 
ASx: asymptomatic; UBT: urea breath test; ca: gastric carcinoma; vs.: versus: MFAT: monoclonal faecal antigen test; PFAT: polyclonal 

faecal antigen test; Sx: symptomatic; bx: biopsy; Dx: diagnosis; DNA: deoxyribonucleic acid; PCR: polymerase chain reaction; HAV: 

hepatitis A virus: HIV+: human immunodeficiency virus positive. 
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TABLE C: HELICOBACTER PYLORI PREVALENCE BY COUNTRY OF ORIGIN AND DIAGNOSTIC MODALITY: 

DEVELOPED NATIONS (excludes reviews)  

AUTHOR YEAR COUNTRY 
SAMPLE SIZE AND 
CHARACTERISTICS 

AGE 
RANGE 

DIAGNOSTIC 
MODALITY 

PREVALENCE 

Segal108 2008 Canada 
204: referred for 
endoscopy 

5-18y Endoscopy/Bx Overall 7% 

Wong96 2005 Hong Kong 
159: referred for 
endoscopy 

7-17y Endoscopy/Bx
Gastritis: 26% 
Overall: 28% 

Roma144 2009 Greece 
100: Sx and family 
members (UBT only) 

Index: 5-
15y 

Endoscopy/Bx 
and UBT 

Overall: index 44%  
Hp Status    Index      Control 
Mother         84%         50% 
Father           77%         56% 
1+ parent      100%       70% 
1+ sibling       54%        5% 
1+ family       100%       71% 
2+ family        74%        36% 

Telmesani91 2009 Saudi Arabia
314: Cross-sectional 
(looked also at RAP in this 
population) 

12-18y UBT 
Overall: 27% 
12-15y: 44% 
15-18y: 19% 

Ford82 2007 UK 3928: ASx (Leeds cohort) 50-59y UBT 
Overall: 27% 
No siblings: 20% 
≥8 siblings: 63% 

Rowland81 2006 Ireland 
327: ASx (followed 4 
years) 

2-4y UBT 
Baseline: 9% 
<5y: 3.4%/100 patient year FU 
>5y: 0.2/100 patient year FU 

Windsor87 2005 Australia  
ASx Aboriginal population 
Pilbara(remote): 270 
Perth (urban): 250 

3-75y UBT 

Overall: 76% 
                    Remote     Urban 
Overall           91%           60% 
<10y:              85%           58% 
10-20y           60%            90% 

Luzza125 1997 Italy (rural) 705: ASx  1-87y 
UBT and 
serology 
(HAV) 

                   Hp        HAV 
Overall:    62%          87% 
<10y:        22%         17% 
10-20y:     40%         30% 
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AUTHOR YEAR COUNTRY 
SAMPLE SIZE AND 
CHARACTERISTICS 

AGE 
RANGE 

DIAGNOSTIC 
MODALITY 

PREVALENCE 

Lane109 2006 England 
10537: ASx  (those 
positive treated: 91% Hp 
eradicated) 

20-59y UBT Overall: 15.5% 

Goodman98 2005 
USA 

Mexico 
468: ASx (Birth cohort, 
followed 6/12 to 2y) 

0-2y UBT 

6m: 5% 
1y:  16% 
18m:  15% 
2y:  16% 
Incidence rate new infection: 1.7% per 
month (20%/y) 
Transient infection: 77% 
Recurrence rate: 20%      

Malaty88 2001 USA 
356: ASx (Hispanic and 
African-American 
population) 

2-16y UBT 
Overall: 24% 
2-5y: 14% 
>10y: 49% 

Rothenbacher84 1999 Germany 
1221: ASx (also tested 
1080 parents) 

2-5y UBT 

                Children   Parents 
Overall:     11%           36% 
German:    5%            25-27% 
Turkish:     44%          84-86% 

Weyermann83 2009 Germany 
1066: ASx neonates yearly 
f/u (and parents/siblings 
f/u with UBT) 

4y age MFAT 

         Overall  German  Turkish 
Index   3%         2%         22% 
Sibs     4%         2.5%      35% 
Mother  17%     13%         77% 
Father   19%      16%       64% 

Weyermann179 2006 Germany 
834: ASx birth cohort f/u to 
3y (and parents) 

3y age MFAT 
Kids: 2.5% 
Mothers: 11% 
Fathers: 6% 

Dowd147  2009 USA 1962: ASx 6-16y Serology Overall: 26% 

Moujaber80 2008 Australia 2413: ASx 0-59y Serology 

Overall: 15% 
1-4y: 4% 
5-9y: 6% 
10-14y: 8% 
15-19y: 10% 
50-59y: 22% 

Fujimoto160 2007 Japan 
613: 1993 ASx vs. 4136: 
2002 ASx 

1993: <6y, 
22-79y 

Serology 
1993 2002 

Overall:            61%       52.5% 
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2002: 0-
79y 

Kids<6y:          10%        10% 

AUTHOR YEAR COUNTRY 
SAMPLE SIZE AND 
CHARACTERISTICS 

AGE 
RANGE 

DIAGNOSTIC 
MODALITY 

PREVALENCE 

Koch92 2005 Greenland 
685: ASx (majority Inuit, 
undergone 
industrialisation) 

0->80y Serology 
Overall: 41% 
0-4y: 6% 
>15y:  58% 

Robertson33 2003 Australia 500: ASx 18+y Serology 
Overall: 32% 
<20y: 22% 
>60y: 54% (peak) 

Chong134 2003 USA 
992: Sx (GI referral) and 
ASx controls 

1-18y Serology 
Overall: 17% 
Sx: 22.5% 
ASx: 14% (signif lower) 

Miller101 2003 USA 
226: ASx international 
adopted kids (27% 
Helminth, 17% anaemia) 

6m-16y Serology 

Overall: 31% 
China: 16% 
Romania: 20% 
Russia: 49% 

Dore89 2002 Italy 
2810: ASx (urban vs. rural 
pop) 

5-16y Serology 
Overall: 22% 
Rural: 37% 
Urban: 13% 

Malaty77 2002 USA 224: ASx (cohort f/u 21y) 0-23y Serology 

1-3y: 8% 
18-23y: 24% 
Crude incidence: 1.4%/year (peak 
2.1%/y 2-4y, falling to 0.3% by 21-23y) 
Seroreversion: 1.1%/y 

Everhart110 2000 USA 7465: ASx 10->70y Serology 

Overall: 32% 
Non-Hispanic black: 53% 
Mexican: 62% 
Non-Hispanic Caucasian: 26% 

Wang100 1999 USA 
45: Sx Somalian and 
Ethiopian refugees 

17-92y Serology Overall: 93% 

Fujisawa93 1999 Japan 
1015: ASx cohort (followed 
20y) 

0-89y Serology 
                1974    1984   1994 
Hp:            73%     55%    39% 
HAV:         58%     42%    23% 

Lin32 1998 Australia 273: ASx 20-80y Serology 
Overall: 38% 
20-30y: 18% 
31-40y: 24% 
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51-60y: 35% 
61-70y: 46% 
>70y:    53% 

AUTHOR YEAR COUNTRY 
SAMPLE SIZE AND 
CHARACTERISTICS 

AGE 
RANGE 

DIAGNOSTIC 
MODALITY 

PREVALENCE 

Murray135 1997 N Ireland 4742: ASx 12-64y Serology 

Overall: 50.5% 
12-14y: 23% 
20-24y: 40% 
30-34y: 44% 
40-44y: 57% 
50-54y: 69% 
60-64y: 73% 

Roosendaal113 1997 Netherlands 314: ASx (1978 vs. 1993) 
6-8y 

12-15y 
Serology 

                   1978        1993 
Overall:         21%       10% 
6-8y:             19%        9% 
12-15y:          23%       11% 

Fraser85 1996 
New 

Zealand 
329: ASx kids and 579: 
adults 

11-12y 
40-64y 

Serology 
      Caucasian  Maori  P Island 
Kids      7%          21%     48% 
Adults   36%        57%     73%  

Lindkvist73 1996 
Ethiopia 
Sweden 

242: ASx (looking at age 
of acquisition, comparative 
analysis) 
295: ASx 

2-14y 
1-15y 

Serology 

                 Ethiopia   Sweden 
2y                  10%       0% 
3y                  ~25%     5% 
4y                  ~57%     0% 
6y                    80%     5% 
10y                  95%     20% 

Hardikar86 1995 Australia 147: ASx 3m-14y Serology 
Overall: 14.3% 
High risk ethnicity parent :26% 
Low risk ethnicity parents: 6% 

Malaty103 1994 USA 
150: ASx (African 
American and Hispanic) 

19-49y Serology 

Overall: 54% 
Ethnic: AA 65% vs. Hsp 47% 
Childhood SES: I 82%vs II /III 52% vs. 
IV/V 11% 

Webb152 1994 England 476: ASx  18-65y Serology 

Overall: 37% 
<30y: 29% 
45-49y: 51% 
55-65y: 63% 

Fiedorek139 1991 USA 245: ASx 3-20y Serology Overall: 31% 
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Ethnic: AA 50%vs non-AA25% 
3-5y: 24% 
6-10y: 31% 
11-15y: 35% 
16-20y: 45% 

AUTHOR YEAR COUNTRY 
SAMPLE SIZE AND 
CHARACTERISTICS 

AGE 
RANGE 

DIAGNOSTIC 
MODALITY 

PREVALENCE 

Megraud62 1989 

France 
Vietnam 
Algeria 

Ivory Coast 

2215 (ASx): comparative 
analysis 

0-60y Serology 

Overall 47% 
France: <10y: 3.5% 
              >40y: 35% 
 
Vietnam: <10y: 13.5% 
               >30y: 75% 
Algeria: <10y: 95% 
              Adult: 80-90% 
Ivory Coast:>10y: 55% 
              Adult: 80-90% 

Dwyer157 1988 Australia 
274: Sx  (DU)and ASx 
(remote Aboriginals and 
Caucasians) 

10-59y Serology 
DU patients: 63% 
Caucasian DU: 15% 
Aboriginal DU: 0.7% 

 
Bx: biopsy; Sx; symptomatic; UBT: urea breath test; Hp status: H. pylori infection status; RAP: recurrent abdominal pain of childhood; ASx: 

asymptomatic; FU: follow-up; Hp: H. pylori infection; HAV: hepatitis A virus; MFAT: monoclonal faecal antigen testing; f/u: follow-up; GI 

referral: gastroenterology referral; vs.: versus; P Island: Pacific Islander; AA: African American; His: Hispanic; SES: socioeconomic status; 

DU: duodenal ulcer. 



 55

TABLE D: HELICOBACTER PYLORI PREVALENCE: REINFECTION/RECURRANCE RATES BY COUNTRY AND 

DIAGNOSTIC MODALITY  

AUTHOR YEAR COUNTRY
SAMPLE SIZE AND 
CHARACTERISTICS 

AGE 
RANGE 

DIAGNOSTIC 
MODALITY 

PREVALENCE 

Mera180 2005 Columbia 

795: preneoplastic lesions – 
followed for 12 years and 
randomised to receive 
eradication at baseline 
(amox/metron/bismuth) 

Adults Endoscopy/Bx

Baseline: 97% 
12 year FU: 53% still positive 
Spontaneous clearance rate: 
2.9%/y 
Reinfection rate: 5.4%/y  

Leal67 2008 Mexico 
120: 80 non infected vs. 40 
infected/eradicated.  
FU 3/6/9/12/18/24m 

2-17y UBT 

New infection: 14.5/100 py (most 
1st 12m of FU) 
Recurrence: 18/100py (most 212 

12m of FU) 
Both: high % transient infection 

Eisig137 2006 Brazil 
194: Previously 
treated/eradicated Hp in DUD 
patients 

16-85y UBT Recurrence 6% 

Gisbert177 2008 Brazil 
1000: Previous treated Hp – 
yearly UBT for 5 years 

Adults UBT Recurrence 2.1%/patient-year 

Gisbert172 2006 Spain 
1000: Previous Hp eradication. 
FU: UBT +/- bx 

52±19y UBT Recurrence 2.6%/year 

Halitam145 2006 France 45: ≥1y post eradication 1-18y UBT 
Overall recurrence 18% 
Rate: 5.4-6%/patient year 

Magista176 2005 Italy 
52: Previously eradicated. 
Rescreen index and family 
members 

4-18y UBT 

Overall recurrence: 29% 
Rate: 13%/year – highest risk if 
younger or living in high 
prevalence area 

Rowland97 1999 Ireland 
327: Sx (post Hp Rx – assess 
recurrence). Also assessed 
siblings and parents 

1-17y UBT 
Reinfection: 11.5% 
Overall reinfection rate: 5.8%/y 
(2.0%/y if >5y) 

 
Amox: amoxicillin; metron: metronidazole; Bx: biopsy; FU: follow-up; py: per year; vs.: versus; Hp: H. pylori infection; DUD: duodenal ulcer 

disease; UBT: urea breath test; %: percentage; Sx: symptomatic; %/y: percentage per year. 
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3.3 EPIDEMIOLOGY MANUSCRIPT 

Given the potential likelihood of H. pylori infection in African refugee children, as discussed 

in the above literature review, formal determination of active H. pylori infection prevalence 

was identified as a primary aim of this study. In view of wider concerns about socio-

economic and nutritional deprivation which may predispose these children to infection 

and/or enhance transmission, identification of possible risk factors for infection in refugee 

children was also examined in the following manuscript.  

 

Cherian S, Forbes D, Cook A, Sanfilippo F, Burgner D. The epidemiology of 

Helicobacter pylori infection in African refugee children resettled in Australia. Med J 

Aust 2008; 189 (8): 438-41. 

 

ABSTRACT  

Objective: To determine the prevalence and associated epidemiological features of H. 

pylori infection in paediatric refugees in Western Australia.  

Study Design:  Cross-sectional study  

Participants: African refugee children (<16 years) at their initial health assessment 

following resettlement in Australia during 2006.  

Methods: H. pylori infection was determined by monoclonal faecal antigen enzyme 

immunoassay testing (MFAT). Demographic, clinical and laboratory data were obtained.  

Outcome measures: (i) Prevalence of H. pylori infection and (ii) epidemiological factors 

associated with H. pylori infection (age, gender, transit through refugee camps, co-

morbidities and treatment interventions). 

Results: In total, 201 children were recruited, of whom 8 were excluded. MFAT was 

performed in 182 children; 149/182 (81.9%) had H. pylori infection. Age was an 

independent predictor of H. pylori infection (age in years: OR 1.18; 95% CI 1.07, 1.31). No 

gender differences were observed. Pre-migration anti-malarial therapy (with sulfadoxine-

pyrimethamine and artesunate) significantly reduced the prevalence of H. pylori infection 

(age-adjusted OR 0.33; 95% CI 0.15, 0.75).  

Conclusion: African refugee children have a high prevalence of H. pylori infection. 

Increasing age is a strong predictor of infection and anti-malarial treatment may have a 

protective effect.  
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INTRODUCTION  

Helicobacter pylori infection is usually acquired in childhood.1,2 Acute infection is often 

silent with symptoms and pathology manifesting later in life, including an increased risk of 

H. pylori-related malignancy.  

 

The prevalence of H. pylori infection is markedly increased in developing countries3,4 and 

risk factors include increasing age, large family size and socio-economic deprivation.5-7 

Refugees resettled in developed countries generally come from high prevalence regions. 

whereas those growing up in industrialised nations have a lower prevalence of H. pylori 

infection.3,8 Increased prevalence is also found in migrants and indigenous populations; 

adverse socio-economic conditions in these groups account for some of the excess 

risk.7,9,10  

 

Western Australia (WA) resettles approximately 1400 humanitarian refugees annually, 

representing over 10% of Australia’s refugee intake.11 Currently the majority of families are 

African  and approximately half are children.12  

 

Our study investigated the prevalence and epidemiological associations of H. pylori 

infection in a high risk paediatric population. The main outcome measure was monoclonal 

faecal antigen enzyme immunoassay testing (MFAT)-diagnosed H. pylori infection. The 

effects of age, gender, transit through refugee camps, co-morbidities and treatment 

interventions were investigated. 

 

METHODS 

Study population and design 

A cross-sectional study was conducted at the Migrant Health Unit (MHU) (Perth, WA, 

Australia), the sole screening unit for humanitarian refugees resettled in WA. 

Approximately 80% of targeted refugees in WA receive an initial health assessment at the 

MHU.12 African children (<16 years) who presented for initial health assessment between 

February and November 2006 were included. Blood samples were obtained for routine 

screening investigations at the first clinic visit as part of standard clinical care and stools 

were collected one week later. Children were excluded from the study if they had received 

antibiotics or proton-pump inhibitors in the preceding month, if they had an 

immunodeficiency or active tuberculosis. Ethical approval was obtained from the Women 

and Children’s Ethics Committee, Princess Margaret Hospital for Children, WA. Informed 

consent was obtained in the presence of trained interpreters, as appropriate.  
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Demographic details 

Data regarding age, gender, ethnicity, country of last transit, transit period, country of birth, 

type of dwelling (in country of transit) and recent drug administration were obtained at the 

first visit using a structured questionnaire. Breastfeeding history was recorded for children 

<2 years of age. Details of pre-migration anti-helminthic and anti-malarial treatment were 

obtained from accompanying International Office of Migration documentation.  

 

Helicobacter pylori diagnosis 

Fresh faecal samples were obtained from each child and frozen at -200C for batch 

analyses. H. pylori status was assessed using Amplified IDEIA™ HpStAR™ kits (Dako, 

Denmark and Oxoid, Australia) following the manufacturer’s instructions and as previously 

reported.13  

 

Identification of other infections 

Details of helminth infection, tinea capitis, tuberculosis and malaria were obtained for each 

child. Helminth infection was defined as the presence of any of the following results: 

positive serology for schistosomiasis and/or strongyloidiasis, positive stool microscopy for 

ova cysts or parasites of pathogenic helminths, peripheral eosinophilia (≥ 0.7 x109/L) or 

raised immunoglobulin E (IgE) levels (> 280 kU/L). Pre-migration administration of 

albendazole was documented in 80% of children, with the remainder receiving empiric 

albendazole at the first health assessment visit.  

 

A clinical diagnosis of tinea capitis was made at the initial visit based upon skin 

examination. Latent or active tuberculosis infection was diagnosed by QuantiFERON-

Gold™ testing (Cellestis, Carnegie, Australia) in children >2 years of age, with chest 

radiographs as indicated. All children had a single blood film and smears and rapid 

immunochromatographic testing (Binax NOW, Portland, USA) irrespective of symptoms 

or pre-migration anti-malarial treatment.  

 

Statistical analyses 

All data were analysed using SPSS version 14.0 for Windows (2005 Chicago, Illinois, 

USA). Continuous variables were compared using the independent t-test or Mann-Whitney 

test as appropriate. Associations between categorical variables and H. pylori infection 

were initially analysed using the Pearson chi-squared or Fisher’s exact tests. Logistic 

regression was used to determine the effect of independent variables separately on H. 
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pylori infection, adjusting only for age and gender. Multivariate logistic regression was 

used to evaluate the effect of covariates on H. pylori infection. Statistical significance was 

set at the 5% level and two-sided p-values were calculated.  

 

RESULTS 

Demographics 

Two hundred and one African refugee children presenting for screening at the MHU were 

recruited consecutively, with a 100% response rate. Eight children were excluded (five 

received antibiotics prior to screening and three were of non-African ethnicity). Of the 193 

eligible children, 100 (51.8%) were male. The mean age was 7.9 years (standard deviation 

(SD) 4.4). Table 1 describes the main demographic features of the cohort.  

 

Eighteen children (9.3%) were breastfeeding at the time of enrolment (mean age of 

breastfeeding children 11.3 months, SD 5.2 months). There were 116 children (60.1%) 

who had lived in refugee camps, with the remainder living in urban dwellings (apartments 

or houses). Almost all children who transited through Tanzania or Kenya (96/97, 99.0%) 

had resided in refugee camps compared to those who transited through Egypt (n = 28), all 

of whom lived in apartments. The overall median transit time prior to resettlement in WA 

was 5.5 years (interquartile range (IQR) 3.0-8.4).  Protracted refugee stays (> 5 years in 

transit) were common (98/182, 53.8%) with a median transit time of 8.0 years (IQR 6.5-

10.0) for these children.  

 

Helicobacter pylori infection  

MFAT was performed in 182 children, in whom H. pylori infection was diagnosed in 149 

children (81.9%). MFAT results gave clear discrimination between infected and uninfected 

populations with no equivocal results (median positive optical density (OD) of 2.85 [IQR 

1.18-3.61] versus negative OD of 0.10 [IQR 0.08-0.18] respectively; p<0.001). 

 

Children with H. pylori infection were significantly older (mean 8.5 years, SD 4.2 versus 5.8 

years, SD 4.5, p <0.001) with no gender differences. The prevalence of H. pylori infection 

was 63.2 % for children <2 years of age, rising to 95.2% for those older than 14 years. 

When analysed by age strata, the odds of infection was more than four-fold higher in 

children >10 years compared to those less than five years of age (odds ratio (OR) 4.42; 95 

percent confidence interval (CI): 1.58, 12.35). Where two or more children in a family were 

enrolled (n = 51 families), 45 of the 51 oldest siblings (88.2%) had H. pylori infection 

compared to 35 of the youngest siblings (68.6%, OR 3.43; 95%CI: 1.21, 9.67).  
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Logistic regression was used to assess the effect of various factors on the odds of 

infection (Table 2). Age was a significant predictor of H. pylori infection; the odds of 

infection increased by 17% for each year of age (OR 1.17; 95% CI: 1.07, 1.28). Whilst the 

odds of infection were numerically largest for children transiting through Kenya, the overall 

relationship between country of transit and infection was not significant after adjusting for 

age and gender. Pre-migration anti-malarial treatment (79/182, 43.4%) significantly 

reduced the odds of H. pylori infection after adjusting for age and gender (OR 0.31; 95% 

CI 0.14, 0.72). Multivariate regression demonstrated that only age and pre-migration anti-

malarial treatment were significantly associated with H. pylori infection (Table 3). 

 

The effect of other infectious diseases on H. pylori infection 

In total, 76 of the 182 children (41.8%) had evidence of helminth infection, 15 (8.2%) had 

tinea capitis, 16 (8.8%) had Plasmodium falciparum infection and 11 of the 153 children 

(7.2%) tested had positive QuantiFERON-Gold™ results (with normal chest radiographs), 

indicative of latent tuberculosis infection. After adjusting for age and gender, the 

prevalence of H. pylori infection was not affected by the presence any of these infections 

(Table 2). No difference in IgE or peripheral eosinophilia counts were demonstrated in 

children with or without H. pylori infection (data not shown). 

 

DISCUSSION 

This study demonstrates a high prevalence of H. pylori infection in African refugee 

children, confirming that children from developing countries are at greater risk of 

infection.14 Our results support the observation that early childhood is the main period of 

acquisition in high prevalence populations.1,2,4 H. pylori infection was present in 82% of this 

cohort and the odds of infection increased significantly with age. In comparison, the 

prevalence of H. pylori infection in Australian children is low,8 although the prevalence in 

Australian Aboriginal children is significantly higher, especially those from remote areas,9 

reflecting differences in socioeconomic status. 

  

The protective effect of anti-malarial treatment on H. pylori infection is an important and 

unexpected finding. In those children who received empiric pre-migration anti-malarial 

treatment administration occurred approximately six weeks before study enrolment. This 

correlated with the median time between arrival in Australia and the MHU health screening 

(Dr A. Thambiran, Medical Director, MHU, personal communication, 2007). Empirical pre-
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migration anti-malarial treatment was ceased in mid-2006 due to concerns regarding 

efficacy and coverage.15  

 

The anti-malarial therapy may have eradicated pre-existing H. pylori infection. The period 

between administration of anti-malarials and collection of faecal samples was short, thus 

reacquisition of H. pylori infection during this intervening period is unlikely. The elimination 

half-lives of pyrimethamine and sulfadoxine are relatively long (3-4 and 6-9 days 

respectively) and that of dihydroartemisinin, the active metabolite of artesunate, is less 

than one hour.16 Anti-malarial therapy is unlikely to have affected MFAT performance. The 

effect of anti-malarial therapy remained significant in our final regression analyses and was 

independent of albendazole therapy. To our knowledge, this in vivo association has not 

been previously reported, although artemisinins are known to have antibacterial 

properties.17 It has been postulated that artemisinin derivatives may interact with iron-

dependent bacteria (such as H. pylori) and potentially provide a mechanism for targeted 

bacterial death.18 The possible therapeutic role of artemisinins, which are cheap and well 

tolerated, in H. pylori eradication warrants further investigation. 

 

A limitation of our study is the lack of a traditional gold standard for the diagnosis of H. 

pylori infection. Endoscopy and biopsy-based methods or urea breath testing is neither 

practical nor ethical for population-based screening of children, particularly in non-English 

speaking and often traumatised families. Recent international guidelines now recommend 

MFAT as an alternative in both adult and paediatric populations.19,20  

 

This study investigated potential epidemiological risk factors which may predispose 

refugee children to H. pylori infection. Surprisingly transit through refugee camps did not 

place children at increased infection risk despite harsh environmental and nutritional 

conditions. The ubiquitous deprivation and overcrowding that characterises urban refugee 

conditions (e.g. Egyptian apartments) may instead contribute to the non-significant 

association between dwelling type and H. pylori infection.  

 

Intra-familial spread of H. pylori, particularly though mother-child transmission2,21,22 or 

infected older siblings,2,23 is a potentially important mechanism for acquisition. In this 

cohort, older siblings had odds of H. pylori infection three-times higher than their youngest 

siblings, supporting this premise. Parental H. pylori infection was not assessed in this 

study but a high prevalence would be expected in keeping with analogous published 
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results.22-24 Reliable data on family size could not be obtained as many siblings and/or 

parents were displaced in transit.  

 

The relationship between breastfeeding and infection was not found to be statistically 

significant however the number of children being breastfed at the time of enrolment was 

small. The study did not address the phenomenon of transient H. pylori infections.25 Over 

60% of children less than two years of age had H. pylori infection, which is similar to other 

data from African infants.4 Given the high levels of overall infection in this cohort, re-

infection is likely even if there were cases of transient infection in infancy. 

 

Clinicians should be aware of the high prevalence of H. pylori infection 

in resettled refugee children, including the potential development of 

chronic complications. Longitudinal studies of this high prevalence 

population are warranted. 
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TABLE 1. Ethnicity, country of birth and transit profiles of African refugee children 

(n = 193)  

ETHNICITY COUNTRY OF BIRTH COUNTRY OF LAST TRANSIT 

Group Number 
(%) 

Country Number 
(%) 

Country Number 
(%) 

Median 
transit in 
years (IQR) 

Sudanese 66 (34.2) Sudan 54 (28.0) Tanzania 64 (33.1) 6.1 (3.0-9.0)  

Burundian 55 (28.5) Tanzania 40 (20.7) Kenya 33 (17.1) 5.5 (4.0-9.4)  

Liberian 23 (11.9) Kenya 21 (10.9) Egypt 28 (14.5) 2.0 (1.2-2.9)  

Congolese 22 (11.4) Burundi 14 (7.3) Guinea 26 (13.5) 5.8 (4.0-7.3)  

Eritrean 20 (10.4) DR 
Congo 

13 (6.7) Sudan 19 (9.8) 6.4 (3.3-9.4)  

Other*  7 (3.6) Other† 51 (26.4) Other‡ 23 (11.9) 7.0 (3.3-10.0) 

 

%: percent; IQR: interquartile range; DR Congo: Democratic Republic of Congo; *Other 

ethnicity: Sierra Leonian (7); †Other countries of birth: Liberia (11), Egypt (9), Guinea (9), 

Zambia (8), Sierra Leone (6), Ethiopia (2), Ghana (2), Zimbabwe (2), Ivory Coast (1), 

Nigeria (1); ‡Other transit countries: Zambia (11), Ghana (3), Ethiopia (3), Uganda (3), 

Zimbabwe (2), Nigeria (1). 
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TABLE 2. Adjusted odds ratios for factors tested for independent associations with 

H. pylori infection 

Variable Number (H. pylori 
infection; %) 

Odds ratio* 95% CI p-value  

Age (years) 182 (149; 81.9) 1.17 1.07, 1.28 0.002 

Age strata (gender adjusted) 
     < 5 years 
     5-10 years  
     >10 years 

 
51 (35; 68.6) 
67 (56; 83.6) 
64 (58; 90.6) 

 
Reference 
2.29 
4.35 

 
 
0.95, 5.53 
1.55-12.19 

0.013 
 
0.064 
0.005 

Gender (age-adjusted) 
     Female 
     Male 

 
89 (70; 78.7) 
93 (79; 84.9) 

 
Reference 
1.51 

 
 
0.69, 3.31 

 
 
0.30 

Protracted refugee stay (> 5 
years) 
     Yes  
     No  

 
98 (85;86.7) 
84 (64; 76.2) 

 
Reference 
1.03  

 
 
0.38, 2.80 

 
 
0.95 

Type of dwelling 
     Refugee camp 
     Apartment 
     House 

 
123 (99; 80.5) 
28 (22; 78.6) 
31 (28; 90.3) 

 
Reference 
0.96  
2.34  

 
 
0.33, 2.74 
0.65, 8.63 

0.42 
 
0.93 
0.20 

Ethnicity 
     Sudanese 
     Liberian 
     Congolese 
     Burundian 
     Eritrean 
     Sierre Leonean 

 
61 (54; 88.5) 
23 (19;88.6) 
19 (16; 84.2) 
52 (37; 71.2) 
20 (17; 85.0) 
7 (6; 85.7) 

 
Reference 
0.48  
0.61  
0.30  
0.73  
0.61  

 
 
0.12, 1.94 
0.13, 2.28 
0.11, 0.85 
0.16, 3.22 
0.06, 6.29 

0.35 
 
0.30 
0.53 
0.023 
0.68 
0.68 

Last transit country 
     Tanzania 
     Kenya 
     Guinea 
     Egypt 
     Sudan 
     Other† 

 
61 (45; 73.8) 
32 (31; 96.9) 
26 (23; 88.5) 
24 (19; 79.2) 
19 (16; 84.2) 
20 (15; 75.0) 

 
Reference 
11.30  
2.34 
1.61 
2.02  
0.96  

 
 
1.40, 91.28 
0.59, 9.30 
0.49, 5.27 
0.49, 8.20 
0.28, 3.24 

0.23 
 
0.023 
0.23 
0.44 
0.33 
0.95 

Breastfeeding 
     Yes  
     No 

 
16 (10; 62.5) 
166 (139; 83.7) 

 
Reference 
1.12 

 
 
0.30, 4.21 

 
 
0.87 

Pre-migration anti-
helminthics 
     Yes 
     No 

 
144 (119;82.6) 
38(30; 78.9) 

 
Reference 
1.05 

 
 
0.41, 2.68 

 
 
0.92 

Pre-migration anti-malarials 
     No 
     Yes 

 
103 (91; 88.3) 
79 (58; 73.4) 

 
Reference 
0.31 

 
 
0.14, 0.72 

 
 
0.006 

Helminth infection 
     Yes 
     No 

 
76 (66; 86.8) 
106 (83; 78.3) 

 
Reference 
1.01 

 
 
0.40, 2.55 

 
 
0.98 

QFN-Gold result 
     Negative 
     Positive‡ 
     Indeterminate 

 
120 (99; 82.5) 
11 (11; 100) 
22 (17; 77.3 

 
Reference 
 
0.85 

 
 
 
0.27, 2.71 

 
 
 
0.79 

P. falciparum infection 
     Yes 
     No 

 
16 (12; 75) 
166 (137; 82.5) 

 
Reference 
2.06 

 
 
0.57, 7.23 

 
 
0.26 

Tinea capitis 
     Yes 
     No 

 
15 (11; 73.3) 
167 (138; 82.6) 

 
Reference 
1.84 

 
 
0.52, 6.46 

 
 
0.34 



 65

 

*Odds ratios are age and gender-adjusted using logistic regression; 95% CI: 95 percent 

confidence interval; †Other transit countries: Zambia (11), Ghana (3), Ethiopia (3), Uganda 

(3), Zimbabwe (2), Nigeria (1); QFN-gold: QuantiFERON-Gold result. ‡No odds ratio 

reported for positive QuantiFERON-Gold results due to small numbers.
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TABLE 3. Multivariate logistic regression model of factors associated with H. pylori 

infection 

 

Variable Number (H. pylori 
infection; %) 

Odds ratio 95% CI 

Age (years) 182 (149; 81.9) 1.18 1.07, 1.31* 

Pre-migration anti-malarials 
     No 
     Yes 

 
103 (91; 88.3) 
79 (58; 73.4) 

 
Reference 
0.33 

 
 
0.15, 0.75* 

 

OR: odds ratio, 95% CI; 95 percent confidence interval; *p <0.05 
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CHAPTER 4: DIAGNOSTICS 
 
4.1 INTRODUCTION 

The diagnosis of Helicobacter pylori can be made by utilising invasive or non-invasive 

techniques. Invasive tests rely on endoscopy and sampling of the gastric mucosa to detect 

H. pylori infection, whereas the main non-invasive methods encompass faecal antigen 

testing, urea breath tests (UBT) and serology. Antibody testing of saliva and urine can be 

performed but is generally not used clinically in children. Factors that can influence the 

suitability and performance of diagnostic tests include age of the patient (particularly 

infants and young children), prevalence of infection within the population, level of expertise 

of laboratory staff and degree of co-operation required from the patient.181 Culture of H. 

pylori is possible and highly specific for diagnosis but has low sensitivity. In addition, 

technical difficulties prevent it from being routinely performed on non-gastric tissue (e.g. 

faecal or vomitus samples).58,181 There is a poor correlation between H. pylori bacterial 

load and histology and/or UBT readings.182  

 

Many epidemiological studies use non-invasive methodologies for diagnosis due to the 

ease of testing, availability, reproducibility and lack of adverse effects on patients. The 

detection of H. pylori infection by two or more methods is considered the most accurate 

means of diagnosis,183 but this may not be feasible in paediatric populations. The following 

review will concisely outline the various diagnostic techniques available for H. pylori with 

particular emphasis on their application in children. The chapter will conclude with the 

published study manuscript (Appendix 8) which describes the comparison of non-invasive 

H. pylori diagnostic testing in African refugee children resettled in Australia.184 

 

4.2 REVIEW OF LITERATURE  

4.2.1 ENDOSCOPY AND BIOPSY-BASED METHODS 

Traditionally, endoscopy and biopsy-based methods have been considered the gold 

standard for diagnosis of H. pylori infection, a consensus reached by most guidelines.185-187 

This is an important consideration as the diagnostic performance of non-invasive 

techniques can vary considerably especially in infants and very young children. Endoscopy 

in children is usually performed under anaesthesia whereas adults may only require oral 

sedation. It is not logistically feasible or ethical to use endoscopy for H pylori diagnosis in 

population-based studies, especially in asymptomatic children, and non-invasive 

diagnostic methods were therefore employed in the current study.  
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The macroscopic appearance of H. pylori infection at endoscopy is variable. There is a 

spectrum of non-malignant H. pylori-induced pathological changes5 which may include 

oesophagitis,188 acute or chronic gastritis (including polymorph infiltrate of the gastric 

mucosa),8,189,190 nodular gastritis,189,191-194  atrophic gastritis,193,195 intestinal metaplasia195 

and/or dysplasia and ulceration of both gastric and duodenal mucosa.11,189 Histological 

gastritis is classified according to the revised Sydney classification.5,196 It is recommended 

that gastric biopsy samples are taken from both the antrum and corpus of the stomach. 

Samples are then assessed using culture, histopathology, polymerase chain reaction 

testing (PCR), fluorescent in-situ hybridization (FISH) and/or rapid urease testing (RUT).183 

The use of special stains (e.g. modified Giemsa or Warthin-Starry) is recommended for the 

detection of H. pylori organisms in addition to routine haematoxylin and eosin (H+E) 

staining.5,183 A recent review of H. pylori diagnostic testing in children concluded that the 

sensitivity of tests ranged from  55-96% for culture, 75-100% for RUT and 94-100% for 

PCR.181 In contrast, the specificity of these tests was generally much higher; 94-100% for 

histopathology and PCR, 84-100% for RUT and 100% for culture and FISH.181 

 

Endoscopy and biopsy can be performed diagnostically and can also be used to monitor 

treatment success. Histological improvement or resolution of inflammatory changes 

following H. pylori treatment occurs within weeks,8 nevertheless minor changes may 

persist for up to a year.191 In contrast, serology usually remains positive for several months 

post-treatment, thereby limiting its use in differentiating acute from previous H. pylori 

infection.197 Non-invasive methods (such as UBT) may be preferable for follow-up in 

children particularly due to risks associated with repeated anaesthetics for endoscopy. 

Importantly, whilst some guidelines recommend a test-and-treat approach, failure to 

perform endoscopy (particularly in adults) may result in the failure to detect potentially life-

threatening H. pylori-related complications such as ulceration or malignancy.  

 

4.2.2 UREA BREATH TEST 

The 13C-UBT for H. pylori infection is the non-invasive diagnostic modality with the highest 

sensitivity and specificity when compared to endoscopy and biopsy. A mass spectrometer 

is required for analysis of results, which are traditionally recorded as “delta over baseline” 

measurements; the excreted 13-carbon dioxide (13CO2) levels in exhaled breath is 

collected and measured (increased in H. pylori infection), and the ratio between 13CO2:
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12CO2 is calculated.198 Pre-eradication sensitivity, specificity, positive and negative 

predictive values (PPV and NPV) range from 75-100%, 77.5-100% and 90-100% 

respectively.181   

 

UBT is technically more challenging in children less than 6 years, especially from non-

English speaking backgrounds, due to: (i) difficulties with comprehension, (ii) difficulties  

with attaining adequate samples and (iii) a higher rate of false positive results.188,199,200 

However, the UBT can be reliably performed if cut-off points are adjusted to ensure 

accurate interpretation of results,199 or alternative techniques (such as urea hydrolysis rate 

(UHR), infrared spectroscopy or administration of substrate via nasogastric tubes) are 

utilised in the very young.188,201,202 The UHR has been shown to perform well in children 

less than 6 years of age because it accounts for some of the variability of CO2 production 

in younger children.201,203 Recent proton-pump inhibitor or antibiotic administration may 

produce false negative results in both adults and children and should be ceased 2-4 weeks 

prior to UBT.181,204 Variations in UBT techniques (continuous real time sampling205 or 14C-

UBT206) have been developed as diagnostic adjuncts but are not widely available or 

recommended in guidelines (14C-UBT should not be used in children). 

 

UBT can also be used to monitor H. pylori eradication, which is advantageous in the 

paediatric population where repeat endoscopy (and thus associated anaesthesia) is 

generally avoided. Post-treatment UBT sensitivity, specificity, PPV and NPV in children 

varies from 94-100%, 92-100%, 97-100% to 96-100% respectively, slightly better than pre-

treatment UBT performance.181  

 

In Western Australia (WA), access to paediatric UBT is limited to private laboratories. It is 

therefore not used routinely as part of tertiary hospital diagnostic testing of children with 

suspected H. pylori infection. However, it may be requested in older children following H. 

pylori treatment who remain symptomatic prior to repeat endoscopy.  

 

4.2.3 FAECAL ANTIGEN TESTING 

Faecal antigen testing (FAT) is increasingly used for diagnosis of H. pylori infection, as 

well as monitoring of treatment success. At present, FAT is not used routinely for 

paediatric diagnosis (outside of research settings) in WA. The non-invasive nature of 

testing, simple sample collection methods and the minimal co-operation required by the 
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child are advantages over endoscopy.207 Only small amounts of faecal material are 

required and may even be obtained by rectal swabs.208 Samples can be stored at room 

temperature or frozen for batch analysis without affecting assay performance,208,209 which 

also increases the application of FAT for field or population-based studies. Manes et al 

demonstrated that even short-term usage of PPI can produce false negative results in both 

FAT and UBT.204 The specificity of FAT post-H. pylori eradication therapy is significantly 

improved if testing is performed more than 4 weeks after treatment.207 

 

4.2.3.1 Polyclonal enzyme immunoassay  

The first faecal assays developed utilised H. pylori polyclonal antibodies. It was noted that 

inter- and intra-batch variation led to lower specificity and sensitivity compared to 

endoscopy and/or UBT diagnosis, although some studies report high sensitivity and 

specificity in symptomatic patients.181,210,211 The performance of PFAT in very young 

children or asymptomatic patients is sub-optimal.166,212 Equivocal results may be 

problematic213,214 necessitating supplementary diagnostic testing to clarify false positive or 

negative results.  Similarly, performance of PFAT after eradication is considered sub-

optimal when compared to MFAT or gold standard techniques.215-217 Current consensus 

guidelines and reviews do not support PFAT usage.181,185,211,218 

 

4.2.3.2 Monoclonal enzyme immunoassay  

Monoclonal faecal assays have been shown to have comparable diagnostic performance 

to both endoscopy and UBT in adult and paediatric populations. A specific advantage of 

monoclonal antibodies is the lack of inter-batch variation allowing clear discrimination 

between positive and negative results.207,209,213 A meta-analysis by Gisbert et al 

demonstrated the superiority of MFAT over PFAT both pre- and post-H. pylori eradication 

therapy.211 More recently, a review by Guarner et al indicated that pre-treatment MFAT 

sensitivity, specificity, PPV and NPV were generally superior to PFAT particularly post-

treatment (MFAT pre-treatment: 97-98%, 95-100%, 25-98%, 89-100% versus PFAT pre-

treatment: 67-100%, 61-100%, 54-100%, 69-100% and MFAT post-treatment:100%, 96-

100%, 89-97%, (NPV – not assessed), versus PFAT post-treatment: 67-100%, 82-100%, 

54-100%, 91-100% respectively).181 Both symptomatic and asymptomatic paediatric 

populations have been studied but reported performance has been variable in very young 

children.60,66,76,94,200,202,208,209,219-221 Similar to UBT, the diagnostic performance of MFAT in 

young children can be improved by modifying receiver operating characteristic curve cut-

off points, validated according to the local population tested.221  
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Dilution of stool samples greater than 1:10 may adversely affect assay performance 

producing false negative results,222 and may be clinically relevant in children with 

diarrhoeal illnesses who require H. pylori testing. A recent study of H. pylori prevalence in 

young Aboriginal children recovering from acute diarrhoeal illnesses demonstrated poor 

comparative performance of MFAT with UBT.202 There were significant limitations of this 

study including a small sample size (reflected in wide confidence intervals for diagnostic 

performance comparisons). Importantly, almost 60% of sampled children in this study had 

received antibiotics within four weeks of MFAT, which could potentially account for false 

negative results due to bacterial clearance, as discussed earlier.  

 

4.2.3.3 Monoclonal Immunochromatographic assays  

The attraction and potential application of in-office assays as an adjunct to clinical history 

and examination has led to the development of various MICTs (e.g. ImmunoCard STAT! 

HpSA, Meridian Bioscience, USA and Rapid HpStAR ELISA, DakoCytomation, Denmark 

and Oxoid, Australia). MICT has been used for both the diagnosis of H. pylori infection 

and/or monitoring of eradication success, with variable results compared to gold standard 

investigations in both adults181,213,216,217 and children.206,220,223-228 Although convenient and 

rapid, there are concerns regarding interpretation of equivocal results and/or weak positive 

results which can lead to intra-rater variability.210,213,216,220,223 MICT is not recommended for 

routine clinical usage, although with future improvement in assay performance MICT could 

potentially be utilised in epidemiological research or other ambulatory settings as an 

alternative to serology. 

 

4.2.4 SEROLOGY 

Collection of serum for H. pylori IgG antibody enzyme immunoassays (ELISA) is quick and 

technically easy, even in young children. Serum ELISA are widely available and can be 

commercial or in-house; the latter having the advantage of cut-off point modification 

dependent on H. pylori prevalence in the local population and/or adaption to regional 

strains.53,229 Generally the technical performance of serology, particularly sensitivity, is 

lower when compared to the diagnostic methods discussed previously. A recent meta-

analysis demonstrated the heterogeneity of commercial ELISA assays in the diagnosis of 

paediatric H. pylori infection.229 Although the pooled specificity of serum IgG commercial 

assays was high (92%) when compared to gold standard diagnosis (combination of 
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culture, histology and RUT and/or UBT), sensitivity was low (79%) especially when 

compared to Western Blot assays (91%) or whole-cell based in-house ELISA (94%).229 

  

Serology may be utilised as part of a test-and-treat strategy for H. pylori infection in low 

prevalence populations. In contrast, this approach is not considered appropriate in 

populations where H. pylori is endemic (e.g. developing countries or some 

ethnic/indigenous sub-groups). Variation in H. pylori population prevalence and infection 

probability is an important consideration when choosing to use serology as a diagnostic 

tool. For example, in a 2005 audit of H. pylori serology testing at Princess Margaret 

Hospital (PMH), Perth WA, there was a wide range of positive results between General 

Paediatric, Gastroenterology and Refugee Health departments (11.1%, 38.1% and 55.9% 

respectively) reflecting the important differences in patient demographics and H. pylori 

prevalence in these sub-groups of children (Personal communication, Dr A Keil, 

Department of Microbiology PMH, 2007).  

 

Serology titres do not consistently correlate with disease pathology54,230,231 and fall slowly 

despite effective treatment.181,232 As such, serology critically fails to distinguish active from 

previous infection and therefore can not be used to monitor treatment efficacy, especially 

within 6 months of eradication.197 Paired serology samples need to demonstrate a 

reduction of at least 50% in titres post-eradication before clinicians can conclude that 

treatment has been successful.183 Underperformance of serology in children less than 6 

years of age (particularly children under 2 years) is also a significant problem even in high 

prevalence populations,53,54,219,233,234 and cut-off values may need to be modified.235 

  

4.2.5 CULTURE 

H. pylori is a fastidious organism but can be cultured from gastric biopsy, vomitus58 or 

faecal samples.119,236 Difficulty with culture methods has led to a reduction in sensitivity 

when compared to other diagnostic methods.181,189 H. pylori has also been cultured from 

water samples but success decreases rapidly after 3 days whereas H. pylori DNA may still 

be detectable for nearly 3 weeks.140 Furthermore, researchers have demonstrated the 

existence of different forms of H. pylori organisms in water samples (bacilli versus coccoid 

form), which may lead to persistence of the organism.140 
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4.2.6 OTHER DIAGNOSTIC TESTS  

4.2.6.1 Blood-based methods 

Commercial serum IgA ELISA for H. pylori is available but has lower sensitivity and 

specificity compared to IgG ELISA in children (IgA: sensitivity 24-85%, specificity 53-98% 

versus IgG: sensitivity 50-100%, specificity 70-98%).181 Various alternative blood-based 

diagnostic methods have also been described including a rapid whole blood ICT,237 serum 

pepsinogen levels238,239 and a 13C-urea blood test.240 Although diagnostic performance of 

these assays is reasonable, they are not used routinely in clinical practice and are 

currently not recommended by consensus guidelines for H. pylori diagnosis in 

children.10,185  

 

4.2.6.2 Molecular methods  

There is increasing interest and availability of molecular diagnostic methods for H. pylori 

infection, but paediatric experience remains limited.181 Polymerase chain reaction (PCR) 

technology has been used to detect H. pylori-specific deoxyribonucleaic acid (DNA) from a 

variety of samples including serum, gastric tissue,59,126 vomitus,126 stool207,241 and saliva.242 

H. pylori DNA can persist for up to 12 weeks in stool samples post-eradication treatment, 

resulting in false positive results in this period.207 Various molecular fingerprinting 

techniques have been used to study H. pylori strains and transmission patterns,55-57,166,243 

but these techniques are not available in routine clinical paediatric practice in Australia. 

 

4.2.6.3 Other assays 

In the meta-analysis by Leal et al, urine and saliva ELISA IgG testing for H. pylori infection 

was shown to have poor sensitivity, although specificity is moderate (pooled results: 

sensitivity 69%, specificity 95% for saliva IgG versus urine IgG: sensitivity 59% and 

specificity 93% respectively).229 These results are similar to the more recent findings of 

Guarner et al, whose review demonstrated the large variation in diagnostic performance of 

both assays.181 Saliva and urine assays are not routinely available and are not 

recommended for the diagnosis of monitoring of H. pylori infection in children (or 

adults).10,181,185-187  

 

4.2.6.4 Virulence testing  

Virulence factor heterogeneity is an important aspect of H. pylori infection in both adults 

and children. Virulence testing however, is not routinely undertaken as part of clinical 

diagnosis, nor recommended in guidelines as it does not reliably correlate with disease. 
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Serology and PCR methods are available for virulence factor detection including cytotoxin-

associated gene product A (CagA) or vacuolating cytotoxin A (VacA) strains which may be 

more pathogenic, although the literature is conflicting.244,245 H. pylori virulence factors are 

discussed in more detail in Chapter 5.2.2. 

 

4.3 DIAGNOSTICS MANUSCRIPT 

In view of current refugee screening protocols at the time of study conception, a 

comparison of H. pylori serology versus faecal antigen methods in high prevalence 

paediatric populations was required. Serological methods were recommended as part of 

refugee screening protocols, but the diagnostic performance in children was unclear. 

Monoclonal faecal antigen methods (both enzyme immunoassays (ELISA) and 

immunochromatographic testing (ICT) had not previously been utilised in Australia for H. 

pylori diagnosis in any population group (adult or paediatric) prior to this study, which 

added to the impact of subsequent findings as discussed in the following manuscript. It 

should be noted that MFAT measures “current infection” rather than “disease activity”, 

which may not be apparent in the manuscri 

 

Cherian S, Burgner DP, Carson CF, Sanifilippo FM, Cook AG, Forbes DA. Diagnosis 

of Helicobacter pylori infection in a high prevalence pediatric population: a 

comparison of two fecal antigen testing methods and serology. J Pediatr 

Gastroenterol Nutr 2008; 47(2): 130-5. 

 

ABSTRACT 

Objectives: Accurate methods for diagnosing active Helicobacter pylori infection in 

children have been limited to invasive or time-consuming techniques. Recently fecal 

antigen testing has been used successfully for H. pylori diagnosis in the pediatric 

population.  We compared two monoclonal fecal antigen diagnostic methods in a 

population of children with a suspected high prevalence of H. pylori infection. We also 

assessed the diagnostic performance of H. pylori IgG serology. 

Methods: In a cross-sectional study of African refugee children (<16 years) we compared 

an immunochromatographic technique (ICT) (Rapid HpSTAR™; Dako, Denmark) and 

serology with a monoclonal fecal antigen  enzyme immunoassay (MFAT) method 

(Amplified IDEIA™ HpStAR™; Dako, Denmark and Oxoid, Australia) for the detection of 

active H. pylori infection. Following the manufacturer’s instructions, an optical density of ≥ 
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0.190 was used as a cut-off for MFAT. Sensitivity, specificity, positive and negative 

predictive values were calculated. 

Results: 193 eligible children were enrolled and active H. pylori infection was detected in 

149/182 (81.9%) on whom MFAT was performed. The prevalence of active infection 

increased with age; children with active infection were significantly older and there were no 

gender differences. ICT and serology under-performed in comparison to MFAT (ICT 

sensitivity 74.6%, specificity 63.6%, PPV 89.8%, NPV 36.8%and serology sensitivity 

57.9%, specificity 77.4%, PPV 92.0% and NPV 29.9% respectively). 

Conclusion: Monoclonal enzyme immunoassay fecal antigen testing is a practical and 

feasible alternative to traditional invasive diagnostic methods in high prevalence pediatric 

populations. Neither immunochromatography nor serology is useful for the diagnosis of 

active H. pylori infection in these children. 

 

INTRODUCTION 

Helicobacter pylori is one of the most common global infections, with 50% of the world’s 

population infected.1-3 Childhood is the key period of acquisition,4 with fecal-oral and oral-

oral spread the main routes of transmission.5,6 Acute infection with this Gram-negative 

spirochaete is often silent, with symptoms and pathology manifesting later in life, although 

spontaneous eradication is uncommon.7 H. pylori-induced gastritis and peptic ulcer 

disease affect both adults and children,1,8,9 but malignant transformation (gastric 

adenocarcinoma and mucosal-associated tissue lymphoma) is rare in childhood.   

 

The gold standard for diagnosis of active H. pylori infection is endoscopy and biopsy-

based methods (culture, histology and/or rapid urease testing). Non-invasive diagnostic 

methods include urea breath testing (UBT), fecal antigen testing and more recently, 

polymerase chain reaction testing of feces. Culture of stool (or vomitus) is possible but 

technically difficult and has a low yield.5 Mass screening can be performed with UBT, but 

the technique is problematic in young children.10 Serology, commonly used for 

epidemiological studies, critically fails to differentiate between active and previous H. pylori 

infection.  

 

Monoclonal enzyme immunoassay fecal antigen testing (MFAT) is increasingly 

recommended for the diagnosis of H. pylori in both adult and pediatric populations.11,12 

Polyclonal fecal antigen tests are available but generally have lower diagnostic 

performance compared to MFAT and/or gold standard investigations.11,13 Lateral flow 
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monoclonal immunochromatographic testing (ICT) techniques have the potential for use as 

a rapid “bedside” diagnostic method, but there are limited data on their use in children. 

 

The primary objective of this study was to compare non-invasive fecal antigen methods 

(MFAT and ICT) in a pediatric population with a likely high prevalence of active H. pylori 

infection. A secondary objective was to assess the diagnostic performance of H. pylori 

serology, a method currently used in routine screening of refugees entering Western 

Australia, and whether the screening guidelines should be amended to remove the use of 

H. pylori serology. 

 

MATERIALS AND METHODS 

Study population and design 

The study was conducted at the Migrant Health Unit (Perth), the centralized health 

assessment unit for United Nations designated humanitarian refugees resettled in Western 

Australia (WA). The study population comprised of African children aged less than 16 

years of age who presented for initial health assessment between February and November 

2006. All children attended twice with an interval of one week. Blood was drawn on a 

single occasion for serologic and routine pediatric refugee screening tests at the first visit 

(as part of standard clinical care for all refugees entering WA)14,15 and stools collected at 

the second visit and frozen at -200C for subsequent analyses. Children were excluded 

from the study if they had received antibiotics, bismuth or proton-pump inhibitors in the 

preceding 4 weeks, had a diagnosis of immunodeficiency or active tuberculosis or were of 

non-African ethnicity. Ethical approval was obtained from the Women’s and Children’s 

Ethics Committee, Princess Margaret Hospital for Children. Informed consent was 

obtained from all families in the presence of trained interpreters as required. 

 

Demographic details 

Age, gender, ethnicity and the presence of any gastrointestinal symptoms were obtained 

at the first visit using a structured questionnaire. Details of pre-migration anti-helminthic 

treatment and other recent drug administration were recorded.  

 

Helicobacter pylori laboratory diagnosis 

Active H. pylori infection was assessed by MFAT utilising Amplified IDEIA™ HpStAR™ kits 

(Dako, Glostrup, Demark and Oxoid, Adelaide, Australia) following the manufacturer’s 

instructions. Approximately 0.1g of stool was emulsified in 500L diluent, vortexed and 
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then centrifuged at 5000rpm for 5 minutes. Supernatant (50L) was added to monoclonal 

H. pylori antibody-coated microwells to which 50L peroxidase-conjugated anti-H. pylori 

antibody was added. Wells were sealed and incubated at ambient temperature for one 

hour then washed with buffer solution. Substrate (100L tetramethlybenzidine) was added, 

incubated for 10 minutes and the reaction terminated. Samples were read at single 

wavelength optical density (OD450) using a SpectraMax 250 spectrophotometer (Molecular 

Diagnostics, Sunnyvale, USA). Readings of <0.190 and ≥0.190 were considered negative 

and positive respectively, as suggested by the manufacturer. 

 

Rapid ICT was performed in accordance with the manufacturer’s instructions (Rapid 

HpSTAR™, Dako, Denmark). Approximately 0.1g of stool was added to the diluent filled 

vial (containing PBS Buffer) and capped with a filter top. The vial was inverted and mixed 

gently for 15 seconds, then eight drops of diluted sample was added to a test tube, and the 

cap and ICT strip replaced. Test tubes were incubated for 15 minutes at room temperature 

and strips read by eye. Samples were defined as positive if two lines of any strength were 

visible, negative if only the control line was visible, and invalid if no control line was 

present.  

 

Routine H. pylori serological testing was performed by the staff at PathWest Laboratories 

(Nedlands, Western Australia) using a commercial assay (Genesis Diagnostics HpG 

Screen ELISA, Cambridgeshire, England).16 Results were classed as positive if anti-H. 

pylori IgG titres were >7.0 U/mL, negative if < 6.25 U/mL and equivocal if they were 

between 6.25 and 7.0 U/mL. 

 

Identification of other infections 

Due to potential cross-reactivity with H. pylori antigens, evidence of helminth infections, as 

well as tuberculosis and malaria were sought for each child and used as co-variates in 

regression analyses. Helminth infection was defined as any child who had one or more of 

the following results: positive serology for schistosomiasis and/or strongyloidiasis, positive 

stool microscopy for ova cysts or parasites of pathogenic helminths, peripheral 

eosinophilia (≥ 0.7 x109/L) or raised IgE levels (≥ 280 kU/L). Pre-migration administration 

of albendazole was documented in 80% of children and the remainder received empiric 

albendazole at the first initial health assessment visit, in keeping with clinical practice 

guidelines.14 Routine stool microscopy is not part of pediatric refugee screening protocols 

in WA and is undertaken only if there are positive serological results, peripheral 
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eosinophilia or clinical indications. Tuberculosis status was determined by QuantiFERON-

Gold™ testing (Cellestis, Carnegie, Australia) in children ≥ 2 years of age, with chest 

radiographs as appropriate. Children were screened for malaria with a single blood film 

and smears, and rapid antigen testing for malaria (Binax NOW, Portland, USA) 

irrespective of symptoms or pre-migration anti-malarial treatment.  

 

Statistical analyses 

Based on a power of 0.8 and an alpha error of 0.05, a sample size of at least 120 children 

was required to detect a 10% difference in active H. pylori infection prevalence in African 

refugee children against children from the metropolitan Perth area (predominantly 

Caucasian and Asian; with an estimated pediatric disease prevalence of ~20%).17,18 Data 

were analysed using SPSS version 14.0 for Windows (2005 Chicago, Illinois, USA). 

Continuous variables were compared using the independent t-test or non-parametric tests 

(Mann-Whitney or Kruskal-Wallis tests) as appropriate. Associations between categorical 

variables were analysed using Pearson’s 2 tests or Fisher’s exact test. Two-sample 

proportions were compared by Fisher’s exact test (Statistix v8.1, Analytical Software, 

Tallahassee, Florida, USA). Logistic regression models were developed using forward and 

backward stepwise regression methods and the effect of potential confounding variables 

on active H. pylori infection was evaluated. Statistical significance was set at the 5% level 

and two-sided p-values were calculated. 

  

RESULTS 

Characteristics of study population 

Of the 201 children initially recruited, eight were excluded (three were of non-African 

ethnicity and five had received recent antibiotics). No child had an immunodeficiency or a 

diagnosis of active tuberculosis. One hundred (51.8%) of the 193 children included in 

analyses were male. The mean age was 7.9 ( standard deviation 4.4) years. The main 

ethnic groups were Sudanese (34.2%), Burundian (28.5%) and Liberian (11.9%). 

Approximately half (90/193, 46.6%) had no gastrointestinal symptoms at the time of clinical 

interview. 

 

Comparison of Helicobacter pylori fecal antigen based diagnostic methods  

Monoclonal fecal antigen enzyme immunoassay testing (MFAT) was performed in 182 

(94%) children, with active H. pylori infection present in 149 (81.9%). There was clear 

discrimination in MFAT optical density (OD) values with no equivocal results (Figure 1). 
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The median (interquartile range) positive and negative OD values were 2.854 (1.181-

3.608) and 0.102 (0.078-0.178) respectively (p<0.001). Children with active H. pylori 

infection were significantly older (8.5  SD 4.2 versus 5.8  SD 4.5 years; p < 0.001) but 

there was no gender difference. The prevalence of active infection increased with 

increasing age, ranging from 12 of 19 children (63.2%) less than 2 years, to 20 of 21 

children (95.2%) over 14 years (Table 1).  

 

Immunochromatographic testing was performed in 176 (91.2%) children; 118 (67.0%) 

were positive with one non-reactive sample. Following the manufacturer’s instructions, 

reactions of any strength were classed as positive results. Positive MFAT results were 

demonstrated in 67 of 70 (95.7%) ICT reactions classed as “strong” and in 39 of 48 

(81.2%) classed as “weak”. Only 22 of 57 (38.6%) stool samples with a negative ICT also 

had a negative MFAT. When results were analysed by age, no significant difference in ICT 

results was demonstrated (negative: 8.7  4.7 years versus positive: 7.7  4.8 years; p = 

0.192). Overall, using MFAT as the diagnostic gold standard, ICT had a sensitivity of 

74.6%, specificity of 63.6%, a positive predictive value of 89.8% and a negative predictive 

value of 36.8% (Table 2).  

 

Helicobacter pylori serology 

Serology was assessed in 192 children; 91 (47.4%) were seropositive for H. pylori with a 

median IgG of 13.0U/ml (IQR 9.0-21.0U/ml). Equivocal results were obtained in 11 (5.7%) 

children.  Seropositive children were significantly older (9.8  SD 4.2 years versus 6.1  

SD 3.9 years; p<0.001;). Of the children who were seronegative, 71.1 % (59/83) had 

evidence of H. pylori infection on MFAT. More than half of the children that were 

seropositive (48/91, 52.7%) were asymptomatic at time of testing. The diagnostic 

performance of serology when compared to MFAT is shown in Tables 1 and 2. Serology 

had a lower sensitivity (59.7%) but a higher specificity than ICT (77.4%) when compared to 

MFAT as a gold standard.  

 

Potential confounders and co-morbidities 

The effect of important co-morbidities and potential confounders (gender, helminth status, 

malaria infection, QuantiFERON-Gold™ status and pre-migration anti-helminthic 

treatment) on risk estimates was analysed (data not shown). Age was the only predictor of 

active H. pylori infection. Hence, H. pylori status was not affected by concomitant helminth 

infestation, pre-migration anti-helminthic treatment, malaria or tuberculosis infections after 
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adjusting for age and gender. Overall, 78 of the 193 children (40.4%) had evidence of 

helminth infection, 18 (9.3%) had Plasmodium falciparum infection and 11 of the 159 

children (6.9%) tested had positive QuantiFERON-Gold™, indicative of latent tuberculosis 

infection. 

   

DISCUSSION 

This is the first study comparing MFAT, ICT and serology for the diagnosis of H. pylori in a 

highly vulnerable pediatric cohort. H. pylori is classed as a Group I carcinogen,1 but the 

health significance of infection in children remains uncertain, particularly in African 

children, who may harbour more virulent strains.19 The long-term complications of H. 

pylori, including carcinoma, do occur in African populations – a fact that has been 

previously ignored due to belief in the “African enigma”.9 Our study used non-invasive 

diagnostic methods to demonstrate a high prevalence (81.9%) of active, but often 

asymptomatic, infection which was acquired in early childhood in African refugee children. 

 

H. pylori fecal antigen testing, using highly specific monoclonal antigens, can be used for 

both diagnosis and follow-up post-eradication.20-24 Variation in stool consistency, such as 

diarrhoea, does not appear to affect stool antigen results.25 There are a growing number of 

studies in young children where MFAT has been used successfully.22-24,26-30 MFAT 

methods have excellent technical performance when compared to the gold standard of 

endoscopy and biopsy-based methods and/or UBT.11 Hence we did not compare MFAT to 

another gold standard in our study. A recent meta-analysis explored the role of MFAT as 

an alternative to traditional diagnostic methods, confirming the accuracy and usefulness of 

this test in both adult and pediatric populations.11 Our OD results demonstrated clear 

discrimination between positive and negative children, an advantage of MFAT over 

polyclonal assays.11,24,31,32 According to the manufacturers’ instructions, the Amplified 

IDEIA™ HpStAR™ is a qualitative assay, thus quantitative analyses were not performed. 

 

A limitation of this study is the lack of comparison to a traditional gold standard diagnostic 

technique. Upper gastrointestinal endoscopy and biopsy is neither ethical nor feasible as a 

screening method in a largely asymptomatic pediatric population.33 Although UBT is non-

invasive, there are additional logistic and technical difficulties in the young and in non-

English speaking patients.10 The recent Maastricht III Consensus Report on the 

management of H. pylori infection now recommends MFAT as an alternative diagnostic 

method to endoscopy and UBT in children as well as adults.12   
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Parental H. pylori infection was not assessed, but high levels of active infection would be 

expected given the results of previous epidemiological studies.2,3,34-38 Importantly, the 

presence of helminth infection (potentially a significant confounder in this population) did 

not appear to affect the MFAT results. This is supported by an earlier study which 

demonstrated that the presence of Ascaris lumbricoides appeared to be protective against 

H. pylori seropositivity in an adult Zambian population.35 Furthermore, all children in this 

study were given empiric anti-helminthic treatment; no differences were found in MFAT 

infection rates between those who received treatment pre-migration compared to receiving 

treatment at the first health visit. 

 

Fecal antigen testing using ICT under-performed significantly compared to MFAT. 

Potential reasons for the discrepancies include emulsification difficulties, variation in stool 

nature and difficulty in differentiating between “weak” positive and true negative results. In 

accordance with the instructions, tubes were inverted for a short period, which may 

potentially lessen the antigen load available for reaction with the strip compared to 

vortexing the samples (as with MFAT). Hardened stools may not break down sufficiently 

when mixed with buffer solution, further reducing the likelihood of positive reactions, 

although this problem was uncommon in the study cohort. While any strength of reaction 

constituted a positive result, the majority of our “negative strips” had corresponding 

positive MFAT optical density results, indicating relatively poor sensitivity of the ICT.  

 

Pediatric data are limited with regards to RAPID HpStAR kits but a recent study supports 

our findings of reduced sensitivity when compared to MFAT. Schwarzer et al evaluated the 

performance of the RAPID HpStAR with invasive diagnostic methods (pre-treatement) 

and to UBT (post-H. pylori eradication), in addition to a comparison with MFAT 

performance.23 Whilst MFAT had excellent technical performance (sensitivity 98%, 

specificity 100% pre-treatment), the ICT under-performed (sensitivity 63.8-71.1%, 

specificity 91.1-96.2% pre-treatment) and had several invalid results (5.9%).23 Similar 

results were demonstrated in our cohort. Furthermore, compared to serology results, the 

sensitivity of ICT was higher, but the specificity was notably lower. In contrast, an 

alternative ICT (Immunocard HpSTAT, Meridien Diagnostics, Cincinnati, Ohio) has been 

more widely assessed in both adults and children.31,39-42 The Immunocard HpSTAT has 

been compared to both endoscopy and biopsy as well as UBT with more promising 

performance characteristics (sensitivity 86.2-100%, specificity 76.0-95.8%).31,39-43 
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Our data demonstrate that serology does not reliably diagnose active H. pylori infection in 

refugee children, supporting the results of other studies.44 Furthermore, serology appears 

to under-perform in the very young when compared to MFAT. The diagnostic value of H. 

pylori serology is therefore of doubtful utility in the increasing numbers of refugee and 

immigrant children resettled in developed nations45 who come from populations with likely 

high prevalence of H. pylori infection.9,27,35,38,46 Seroprevalence increases with age and is 

related to deprivation,2,19,36-38,47,48 with  indigenous populations in developed nations also at 

higher risk.49 Furthermore, in such high prevalence pediatric populations, clinicians should 

not use serology as part of a “test and treat” policy as seropositivity does not correlate with 

symptoms. This study confirms that H. pylori serology is not a useful diagnostic modality in 

high prevalence pediatric populations. As a result of our study, Australian pediatric refugee 

screening protocols no longer recommend the utilisation of H.  pylori serology. 

 

CONCLUSION 

This study provides important results regarding the optimal non-invasive diagnostic 

techniques for detecting active H. pylori infection in high prevalence pediatric populations. 

This is increasingly relevant with large-scale resettlement of refugees in developed 

countries, where the communities generally have a lower population prevalence of H. 

pylori. Monoclonal fecal antigen testing (using enzyme immunoassay techniques) is a 

practical non-invasive method to investigate symptomatic children from high prevalence 

populations. At present, it is premature to recommend rapid immunochromatographic 

methods given the relatively poor performance characteristics compared with MFAT. 

Seropositivity for H. pylori does not correlate with disease activity and serology does not 

yield useful diagnostic information in high prevalence populations, irrespective of 

gastrointestinal symptoms.i Therefore serology should not be used for H. pylori diagnosis 

in refugee children. 
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Table 1: Prevalence of active H. pylori infection by age groups: a comparison 

between monoclonal fecal antigen enzyme immunoassay testing (Amplified IDEIA™ 

HpStAR™) and IgG serology 

 

AGE GROUP SEROLOGY* MFAT p-value† 

Positive/total % Positive Positive/total % Positive 

0-2 years 3/20 15.0 12/19 63.2 0.003 

2-4 years 7/26 26.9 14/22 63.6 0.019 

4-6 years 5/19 26.3 20/23 87.0 0.0001 

6-8 years 16/26 61.5 22/28 78.6 0.236 

8-10 years 12/27 44.4 23/26 88.5 0.001 

10-12 years 15/23 65.2 22/24 91.7 0.036 

12-14 years 16/18 88.9 16/19 84.5 0.999 

14+ years 16/22 72.7 20/21 95.2 0.095 

TOTAL 90/181 49.7 149/182 81.9 <0.0001 

 

*Serology proportions exclude 11 equivocal results; †Two-sample proportions compared 

Fisher’s exact test 
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Table 2: Diagnostic performance (percentage) of immunochromatographic testing 

and serology compared to enzyme immunoassay techniques (MFAT) for detection 

of active H.pylori infection.  

 

Test (n) 
Sensitivity 
(95% CI) 

Specificity 
(95% CI) 

PPV  
(95% CI) 

NPV 
(95% CI) 

ICT (176) 
74.6  

(66.7-81.6) 
63.6  

(45.1-79.6) 
89.8  

(82.9-94.6) 
36.8  

(24.4-50.7) 

Serology (192) 
57.9  

(49.2-66.2) 
77.4  

(58.9-90.4) 
92.0  

(84.3-96.7) 
29.9  

(19.5-39.9) 

 

MFAT – monoclonal fecal antigen testing (Amplified IDEIA™ HpStAR™ ); 95% CI – 95% 

confidence interval; PPV – positive predictive value; NPV – negative predictive value, ICT 

– monoclonal immunochromatographic testing (RAPID HpStAR™). 
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 Figure 1: Scatter-plot of optical density (OD) results of monoclonal fecal antigen 

enzyme immunoassay testing by age. Results were produced using a single 

wavelength (OD450) cut-off of 0.190 OD (positive > 0.190 OD, negative  0.190 OD)  
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CHAPTER 5: SYMPTOM PROFILE AND PERIPHERAL IMMUNE 

RESPONSE 

 

5.1 INTRODUCTION 

Exposure to H. pylori at some stage in life is extremely common and acute infection is 

transient and mostly asymptomatic. Complications secondary to chronic H. pylori infection 

typically manifest years later and range in severity from mild (e.g. gastritis) to life-

threatening (e.g. gastric carcinoma).246 Both children and adults may report H. pylori-

related symptoms, although there is no validated H. pylori-specific screening tool available 

for clinical use in either group. Furthermore, the immune response to H. pylori infection is 

complex and varies between adults and children, which may in turn modify the spectrum of 

clinical symptoms.  

 

The following literature review will outline the clinical manifestations of H. pylori infection, 

including a discussion of virulence factors and host cytokine/immune responses with a 

particular focus on children. The chapter concludes with the published study manuscript 

(Appendix 9) which explored the relationships between clinical symptoms and peripheral 

cytokine responses in African refugee children with H. pylori infection.247 

 

5.2 REVIEW OF LITERATURE  

5.2.1 CLINICAL MANIFESTATIONS OF H. PYLORI INFECTION 

5.2.1.1 Adult symptom profiles 

Data relating to symptoms attributable to acute (as opposed to chronic) H. pylori infection 

are sparse. In adults, acute infection with H. pylori infection is accompanied by transient 

dyspeptic symptoms which peak at 2 weeks post-infection, plus a variety of other 

symptoms (e.g. abdominal pain, vomiting, anorexia and headache) with an absence of 

symptoms by 3 weeks.8 Another case report described fewer symptoms (epigastric pain 

and nausea) which self-resolved after a week, despite ongoing histological changes 

consistent with chronic inflammation,9 highlighting the variability of symptoms in acute H. 

pylori infection.  

   

The disease spectrum of chronic H. pylori infection is wide and includes gastritis, 

gastroduodenal ulceration/peptic ulcer disease (PUD), atrophic gastritis, intestinal 

metaplasia and gastric cancer (including adenocarcinoma and lymphoma).11,246,248,249 

However, the majority of infected patients (~90%) remain asymptomatic for many years, 
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with the bacterium able to exist silently in the gastric mucosa despite ongoing chronic 

inflammation.246,248,250 Research has demonstrated that the eradication of H. pylori infection 

in adults with PUD leads to very low recurrence rates,251 although H. pylori-negative ulcers 

may subsequently develop (e.g. induced by the use of non-steroidal anti-inflammatory 

drugs).252  

 

There has been much interest in the role of H. pylori infection in functional dyspepsia in 

adults. Functional dyspepsia is defined as persistent or recurrent abdominal pain or 

discomfort centred in the upper abdomen in the absence of PUD post-endoscopy.253 

Patients with functional dyspepsia may have co-existent H. pylori infection, which led to 

the development of a “test-and-treat” pathway.254 Talley et al demonstrated that despite 

high prevalence of H. pylori infection in these patients, there was no difference in symptom 

relief at 12 months follow-up in those who had successfully eradicated H. pylori infection, 

leading to a subsequent review of the test-and-treat approach by some255 but not all,100,256-

258 particularly as there are potential cost-benefits in adult populations. 

 

There is ongoing debate over whether H. pylori infection causes symptoms and disease in 

African patients leading to the phenomenon known as the “African enigma”.259 Previously it 

was believed that despite the high prevalence of H. pylori infection in these communities, 

there was a relatively disproportionate incidence of associated complications, such as 

peptic ulceration and/or gastric carcinoma. Agha et al reviewed the endoscopic literature 

pertaining to African studies and concluded that no such contradiction exists.260 Clinical 

outcomes in Africa (including peptic ulceration and carcinoma) were similar in prevalence 

to other countries and affected both adults and children.260 Methodological issues, limited 

follow-up and reduced life expectancy were more problematic in African cohorts compared 

to studies in other populations, hence the apparent bias towards non-symptomatic 

outcomes.260 This review confirms the findings of an earlier report which commented on 

the strong relationship between PUD and H. pylori infection in Africa.261 

 

Internationally, the geographic variation in H. pylori genotypes and potential pathogenicity 

has been the focus of research, particularly in regions of high gastric carcinoma 

incidence.262-264 Furthermore, there has been added interest in the effects of H. pylori 

eradication and possible changes in the incidence of gastric carcinoma in high risk 

populations.262,265-267 
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5.2.1.2 Paediatric symptom profiles 

There is an absence of a specific symptom profile associated with H. pylori infection in 

children and difficulty in comparing studies due to significant heterogeneity in approach, 

populations and findings.268,269 Persistent abdominal pain is commonly reported by children 

who are referred for endoscopy, but H. pylori-induced duodenal ulceration is an 

uncommon finding.108,263,269-276 Although abdominal pain (e.g. in the epigastric or 

periumbilical region), dyspepsia, nausea, vomiting, anorexia and waterbrash have all been 

reported by children,  these gastrointestinal symptoms do not seem to correlate strongly 

with the detection of active H. pylori infection and/or histological 

findings.68,108,133,176,263,272,273,277-279 It has been established that children with H. pylori 

infection can remain asymptomatic despite significant progression of histological 

inflammation.250  

 

Eradication of H. pylori gastritis in non-ulcer dyspeptic children has been attempted with 

positive results on symptoms although sample sizes were limited.280,281 A family history of 

dyspepsia/PUD and/or history of abdominal pain in the child is not always predictive of H. 

pylori infection in children.107,169,275 There is interest in the possible clinical overlap between 

gastro-oesophageal reflux disease (GORD) and H. pylori infection (and subsequent 

alterations in gastric acidity), but data in children272,273,282,283 are conflicting, as they are in 

adults.4,284,285  

 

5.2.1.3 Recurrent abdominal pain of childhood 

Recurrent abdominal pain of childhood (RAP) is a condition originally described by Apley 

in 1958, in which children typically have chronic abdominal pain on greater than 3 

occasions over a period of more than 3 months in the preceding year, with disruption of 

normal activities.286 Apley’s criteria have subsequently been modified287 with the 

establishment of the Rome criteria for functional gastrointestinal disorders which has also 

been revised for children.288,289  Despite these iterations, some patients with chronic and 

recurrent abdominal pain do not fit into either catergory.290 The possible and suggested 

aetiologies of RAP are numerous and include both organic and psychological factors.291 

Children with RAP are therefore often subjected to multiple investigations.292-295   There 

has been much interest in exploring the possible relationship between RAP and H. pylori 

infection, both of which are prevalent in childhood. Although H. pylori infection may be 

identified in children with RAP, current data do not favour a causal association between 

the two entities although the literature is inconclusive,36,42,51,53-63 as confirmed in the latest 

meta-analysis.268 At present, the majority of current international guidelines do not 
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recommend investigating or treating children with RAP for H. pylori infection due to this 

lack of evidence.10,185-187 

 

5.2.2 MICROBIAL VIRULENCE FACTORS 

The H. pylori bacterium has evolved in several ways that allow it to evade or minimise the 

host’s immune response to infection.3,4,246 The cytotoxin-associated gene A pathogenicity 

island (CagA) and vacuolating cytotoxin A (VacA) gene are the most commonly 

investigated virulence genes due to concerns about carcinogenic potential. Additionally, 

many other microbial factors and genes have been studied, including investigation of 

immune responses of spiral versus coccoid forms.3,4,243,296-310 VacA genotypes differ 

depending on combinations of signal, middle or intermediate regions (e.g. s1/m1) which 

also vary in reported virulence.311 Positive CagA and/or VacA isolates (particularly VacA 

s1/m1) have been linked to more severe symptoms, histological changes and disease 

manifestations (including the development of peptic ulceration and gastric carcinoma in 

adults), although this has not been consistently demonstrated in 

children.55,171,246,270,273,274,312-321 CagA and VacA genes are not the only determinants of H. 

pylori-induced histological change given that negative strains can also produce significant 

inflammation, most likely due to the presence of other largely uncharacterised virulence 

factors and/or host immune responses.8,250,309,321  

 

H. pylori strain polymorphism has been also investigated with respect to geographical and 

ethnic variation and/or gastric cancer incidence.55,243,264,274,308,309,311,312 Virulence markers 

have also been used to strengthen the association between H. pylori infection and 

pathological processes.3,274,305,321 For example, Annibale et al demonstrated significant 

positive immunoblot seroreactivity to CagA and/or VacA antigens in patients with atrophic 

gastritis, even in those that were previously thought to be H. pylori unrelated (negative 

histology/serology).322  

 

5.2.3 IMMUNE RESPONSES 

There has been considerable interest in the role of H. pylori infection in the modulation of T 

helper (Th) cell cytokine production.3,306,323,324 Early work suggested that H. pylori induced 

a Th1 dominant immune response (characterised by the prototypical Th1 pro-inflammatory 

cytokine interferon gamma (IFNγ)) but subsequent data suggests that the picture is 

inevitably more complicated.246,324,325 Bergman et al demonstrated that ex vivo phase 

variation expression of Lewis antigens by H. pylori strains led to differing Th1 
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responses.326 Lewis antigen positive strains that bound to the lectin DC-SIGN suppressed 

Th1 immune responses and reduced interleukin (IL) 6 (a pre-dominantly Th2 cytokine) 

production in gastric mucosa.326 The immune response to H. pylori in children appears to 

be different from that in adults and may be influenced by factors such as the natural 

ontogeny of the adaptive immune response, concurrent infections or allergy, and skewing 

immune responses in early childhood towards a Th2 pathway, although some studies have 

demonstrated elevated Th1 responses.60,327-335 Furthermore, there is now literature 

supporting a key role for T regulatory (Treg) responses in paediatric and adult H. pylori 

infection, particularly IL10 expression, which may be an important modulator of 

pathogenicity especially in childhood.3,4,310,332,336-338  

 

5.2.3.1 Local expression of cytokines within the gastric mucosa 

The majority of current literature explores the influence of H. pylori infection on gastric 

mucosal cytokine expression in order to define the immune profiles in both adults and 

children.3,310,324,329,330,332-334,338-342 The interaction of virulence factors and subsequent 

cytokine expression is an important aspect of H. pylori infection. For example, in addition 

to its type IV bacterial secretion system and effects on gastric epithelial cells, CagA also 

activates IL8 gene expression, (IL8 is a strong polymorphonuclear cell chemo-attractant), 

and may play a role in ongoing chronic inflammation.343 In a novel study, Graham et al 

demonstrated increased antral IL1β, IL6 and IL8 levels at 2 weeks post acute infection with 

H. pylori CagA negative strain, which normalised after eradication of infection.8 

Researchers have demonstrated that whilst H. pylori positive adults had significantly 

elevated levels of IL6, IL7, IL8, IL10 and  tumour necrosis factor alpha (TNFα) compared 

to negative patients, subjects who were also CagA positive induced higher levels of IL8 

compared to CagA negative strains.339,344 Interestingly, Bontems et al reported that whilst 

both H. pylori infected adults and children had significantly elevated levels of gastric IFNγ 

compared to controls, IFNγ were much lower in children, which may modulate the process 

of chronic inflammation and thus also symptom profiles.345 Despite much research interest 

in this area, elucidation of stereotypical H. pylori responses remains challenging. 

   

5.2.3.2 Circulating cytokine responses 

The mechanisms by which H. pylori infection influences systemic cytokines remain 

unclear, particularly given the lack of correlation with clinical symptoms in many infected 

patients. It is postulated that the lack of a systemic inflammatory response in H. pylori 

infected patients is one reason why the infection can appear dormant for years, despite 

local gastric mucosal changes. There is a paucity of data regarding circulating cytokine 
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levels in either adults or children infected with H. pylori with no clear immune profiles 

identified.325,346,347 This area was therefore the subject of specific investigation as part of 

this thesis. 

 

5.3 SYMPTOMATOLOGY AND IMMUNE PROFILE MANUSCRIPT 

The lack of a validated screening tool for H. pylori-associated symptoms in children was an 

area of clinical interest examined in this study. Furthermore, the correlation with co-morbid 

infections, such as malaria and helminths (both of which could present with gastrointestinal 

symptoms) was also explored, given the high prevalence of such diseases in this 

paediatric sub-group. Due to the paucity of paediatric data regarding cytokine responses in 

children with H. pylori infection, we examined peripheral immune profiles in refugee 

children and their associations with H. pylori infections, co-morbid infections and 

symptomatology as outlined in the following manuscript.  

 

Cherian S, Burgner DP, Cook AG, Sanfilippo FM, Forbes DA. Associations between 

Helicobacter pylori infection, co-morbid infections, gastrointestinal symptoms and 

circulating cytokines in African children. Helicobacter 2010; 15: 88-97.  

 

ABSTRACT  

BACKGROUND: Refugee children have complex medical needs and often have multiple 

infections. The relationship between infection, gastrointestinal symptoms and systemic 

inflammation is poorly understood. We investigated these parameters in refugee children 

with a high prevalence of Helicobacter pylori, helminth and malaria infection. 

MATERIALS AND METHODS: African refugee children were recruited at resettlement 

health screening. Data were collected on demography, gastrointestinal symptoms, co-

morbid infection and serum for peripheral cytokine levels. H. pylori infection was 

diagnosed by a fecal-based immunoassay. 

RESULTS: Data from 163 children were analyzed, of which 84.0% were positive for H. 

pylori. Infected children were significantly older (9.2 years  3.7 versus 7.1 years  3.9, 

p=0.01). Half the cohort (84/163, 51.5%) described gastrointestinal symptoms but these 

were not strongly associated with co-morbid infections. H. pylori-infected children had 

significantly lower circulating log-interleukin (IL)8 (OR 0.61, 95% CI 0.40, 0.94, p=0.025). 

Helminth infections were common (75/163, 46%) and associated with elevated log-IL5 (β: 

0.42, 95% CI 0.077, 0.76). Children with malaria (15/163, 9.2%) had elevated log-TNFα 

and logIL10 (β: 0.67, 95% CI 0.34, 1.0 and β: 1.3, 95% CI 0.67, 1.9 respectively). 
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IL10:IL12 ratios were increased in H. pylori infected children with malaria or helminth 

infections. Symptoms were generally not associated with levels of circulating peripheral 

cytokines irrespective of co-morbid infection diagnosis. 

CONCLUSIONS: There is a high prevalence of asymptomatic H. pylori infection in recently 

resettled African refugee children. Gastrointestinal symptoms were not predictive of H. 

pylori nor of helminth infections. Serum cytokines, particularly IL5, IL10 and TNFα, were 

significantly elevated in children with malaria and helminth infections but not in those with 

H. pylori infection. 
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INTRODUCTION 

Refugee children are increasingly resettled in developed countries. This population have a 

high prevalence of co-existing infective and nutritional burdens that need assessment by 

treating physcians.1-4 Infections can be acute and life-threatening, such as falciparum 

malaria or more chronic, including Helicobacter pylori or helminths (e.g. schistosomiasis or 

stronglyoides).2,4 Little is known however about the relationship between these infections, 

gastrointestinal symptoms and immune responses in resettled refugee children.  

 

H. pylori  infection is prevalent worldwide but infection does not correlate reliably with 

clinical symptoms, especially in children.5 Acute infection is often transient6,7 and occurs in 

early life in developing countries and in the socio-economically disadvantaged including 

refugees.5,8-10 Chronic infection may result in inflammation of the gastric mucosa, mucosal 

ulceration, gastric atrophy and, in a minority of adults, result in malignant 

transformation.11,12  

 

Despite the recognized long-term complications of chronic infection,11 the clinical 

importance of H. pylori in childhood remain unclear. H. pylori-induced dyspepsia, gastritis 

and ulceration are reported but less frequently than in adults.5,13-16 H. pylori infection is not 

believed to play an etiological role in recurrent abdominal pain (RAP) of childhood.17-24 

Currently, there is no validated clinical screening tool to identify H. pylori-related symptoms 

in children or adults. 

 

Variations in both microbial virulence and immunological responses are suggested to 

account for the spectrum of symptoms described in H. pylori infection.25-28 Studies of 

gastric and duodenal mucosal biopsies demonstrate adults predominantly mount a T-

helper 1 (Th1)-skewed immune responses to H. pylori infection,25 which is less 

pronounced in children,27,29,30 in whom Th1 responses are generally less mature. There are 

few data on H. pylori infection and circulating cytokine levels.31  

 

In contrast, helminth infections in refugee children are often asymptomatic and their 

presence may promote a Th2 immune response.32 Refugee children with malaria may 

present with abdominal pain and/or nausea and vomiting but peripheral immune 

responses depend on the age of the child, relative anti-malarial immunity and degree of 

parasitemia.33  
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This study investigated the prevalence of gastrointestinal symptoms in a pediatric refugee 

population using a locally devised screening questionnaire. We investigated associations 

between gastrointestinal symptoms, co-morbid infections (H. pylori, helminth and malaria) 

and circulating cytokine levels. We hypothesized that refugees with H. pylori infection 

would not exhibit Th1 skewing due to interactions with common co-morbid infections. 

 

MATERIALS AND METHODS 

Study population and design 

A cross-sectional study was conducted at the central refugee health assessment unit, the 

Migrant Health Unit (MHU) (Perth, Western Australia (WA)), between February and 

November 2006. The MHU is located in metropolitan Perth and provides the initial 

voluntary health assessment unit for the majority of humanitarian refugees resettled in 

WA.2 African children (<16 years) who presented for screening were eligible for inclusion 

in the study. Blood samples were obtained for routine screening tests at the first clinic visit 

as part of clinical care.34 Children were excluded if they had received antibiotics, treatment 

for H. pylori in the preceding four weeks or if monoclonal fecal antigen immunoassay 

testing (MFAT) was not performed. The study cohort was restricted to children 2 years of 

age as younger children would not reliably report gastrointestinal symptoms.  

 

Ethical approval was received from the Princess Margaret Hospital for Children Research 

and Ethics Committee. Informed consent was obtained from participating families in the 

presence of trained interpreters where necessary. 

 

Data regarding age, gender and ethnicity were obtained from participating families. Details 

of pre-departure and recent drug administration were obtained from migration 

documentation.  

 

Assessment of symptoms  

A locally devised standardized symptom questionnaire was administered to each child by 

a single investigator at the first visit using interpreters as required. Children over the age of 

8 years were interviewed with parental confirmation; where children were younger, their 

parents were asked directly. The questions were designed to identify the presence and 

frequency of gastrointestinal symptoms (abdominal pain, nausea, vomiting, anorexia, early 

satiety, regurgitation and hematemesis) in the preceding month and a score was assigned 

to each symptom. Abdominal pain was further defined by anatomical location of 

discomfort, relationship to meals, severity and nocturnal occurrence. The frequency of 
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symptoms was scored as follows:  never (0), rarely (1: on average once a month), 

sometimes (2: on average once a week) and often (3: more than once a week). A total 

possible score of 21 was obtained for each child. For a smaller number of children (n=18), 

the test-retest reliability of the questionnaire was evaluated by repeat administration of the 

questionnaire at the second visit. 

 

Helicobacter pylori diagnosis 

Fecal samples were obtained from each child at the second visit and frozen at -200C for 

batch analyzes using a monoclonal fecal antigen enzyme immunoassay (MFAT) (Amplified 

IDEIA™ HpStAR™ kits (Dako, Denmark and Oxoid, Australia)) as previously described.35  

 

Diagnosis of helminth infections 

Helminth infection was defined as the presence of any of the following results in a child: (i) 

positive serology for schistosomiasis and/or strongyloidiasis, (ii) peripheral eosinophilia (≥ 

0.7 x109/L), (iii) raised IgE levels (> 280kU/L) or (iv) positive stool microscopy for ova cysts 

or parasites of pathogenic helminths. Fecal microscopy for parasites was undertaken only 

if there were positive serological results, persisting peripheral eosinophilia or clinical 

indications in keeping with local protocols.34 Eighty percent of children received pre-

migration anti-helminthic treatment (albendazole), with the remainder receiving 

albendazole at the first MHU visit. 

 

Diagnosis of Plasmodium falciparum infection 

All children were screened for malaria with a single blood film and smears, and rapid 

immunochromatographic testing for P. falciparum malaria (Binax NOW, Portland, USA), 

irrespective of symptoms or pre-migration anti-malarial treatment.  

 

Cytokine and chemokine analyzes 

Peripheral blood samples for cytokine and chemokine analyzes were obtained from 

children >2 years of age, centrifuged and serum snap-frozen at -800C for batch analyzes. 

Assays for interleukin (IL)1, IL2, IL4, IL5, IL6, IL7, IL8, IL10, IL12, IL13, tumor necrosis 

factor alpha (TNF) and interferon gamma (IFN) were performed by the Centre for 

Microscopy, Characterisation and Analysis, University of Western Australia, using a 

commercial assay (High Sensitivity Human Cytokine LINCOplex kit, Millipore, Missouri, 

USA) according to the manufacturer’s instructions. 

 



 103

Statistical analyzes 

Continuous variables were compared using the independent t-test or Mann-Whitney (MW) 

non-parametric test as appropriate. Statistical significance was set at the 5% level and 2-

sided p-values were calculated. Associations between categorical variables were initially 

analyzed using the Pearson chi-squared test or Fisher’s exact test. Logistic regression 

models were developed to evaluate the effect of symptoms and cytokines on the positive 

diagnosis of H. pylori infection with adjustment for confounders. Linear regression models 

were utilized to evaluate the effect of co-morbid infections and symptoms on circulating 

cytokine levels. Cytokine values were log-transformed to normalize the data for regression 

analyzes. Cytokine ratios were calculated to explore possible skewing of cytokines 

towards Th1, Th2 or T regulatory (Treg) pathways. Ratios of IL10:IL12, IFNγ:IL5 and 

IFNγ:IL13 were calculated for children with and without H. pylori infection and stratified by 

co-morbid infection status (helminth and malaria). All data were analyzed using SPSS 

version 14.0 for Windows (2005 Chicago, Illinois, USA) and Intercooled STATA version 9.2 

(2005 Stata Corporation, Texas, USA). 

 

RESULTS 

Demographic characteristics of the study cohort 

We recruited 201 children, of whom 38 (18.9%) were subsequently excluded as they did 

not meet selection criteria. Of those excluded from final analyzes, 5 had received previous 

antibiotics, 3 were of non-African ethnicity, 11 did not undergo MFAT and 19 children were 

under 2 years of age. The mean age was 8.8 years  standard deviation (SD) 3.8 years, 

with equal gender distribution: females 81/163 (49.7%). The prominent ethnic groups were 

Sudanese (54/163, 33.1%), Burundian (46/163, 28.2%) or Liberian (22/163, 13.5%) 

ethnicity. The majority of children had spent prolonged periods in refugee camps prior to 

resettlement.8  

 

H. pylori, helminth and malaria infection status 

One hundred and thirty seven children (84.0%) had H. pylori infection diagnosed by MFAT. 

Infected children were older (mean 9.2 years  3.7 versus 7.1 years  3.9, p=0.01) with no 

significant difference in gender. When analyzed by age strata, 23/32 (71.9%) children less 

than 5 years had evidence of H. pylori infection rising to 58/64 (90.6%) for children greater 

than 10 years of age (p=0.06). There was a high prevalence of helminth infections (75/163, 

46%) and 15 children (9.2%) had P. falciparum malaria. Malaria parasitemia was low 

(median 0.1% parasitized red blood cells, range 0.1-1.2%). Median IgE levels were 
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significantly elevated in those with either helminth or malaria infections compared to those 

without infections (for the presence of helminths: 589.0 U/L (interquartile range (IQR) 

315.0-1286.0 U/L) versus 61.0 U/L (IQR 32.0-146.0 U/L), MW p<0.001; for the presence of 

malaria: 420.0 U/L (IQR 136.0-3374.0 U/L) versus 166.0 U/L (IQR 54.0- 473.0 U/L), MW 

p=0.018 respectively). There was no difference in median IgE levels in those with or 

without H. pylori infection (H. pylori 190.5 U/L (IQR 58.2-553.8 U/L) versus 162.0 U/L (IQR 

37.8-604.2 U/L) MW p=0.89). 

 

Assessment of symptoms 

Approximately half of the children (79/163, 48.5%) were asymptomatic at the time of health 

assessment with a median symptom score of 1.0 (IQR 0.0-6.0) and a maximum score of 

12.0. Children who reported symptoms were significantly younger (symptomatic 8.0 years 

 SD 3.6 versus asymptomatic 9.7 years  SD 3.9, p=0.005). There was no gender 

difference in prevalence of either specific gastrointestinal symptoms or overall combined 

symptom presence (data not shown). Reliability analysis of the symptom questionnaire for 

18 children/parents produced a kappa score of 0.53 (p<0.001) indicating moderate 

agreement. The kappa scores for individual symptoms were as follows: (i) abdominal pain: 

kappa=0.52, p=0.0002; (ii) nausea: kappa=0.78, p<0.001; (iii) anorexia: kappa=1.00, 

p<0.001 and (iv) early satiety: kappa=0.79, p<0.001. 

 

Abdominal pain was reported by 51 children (31.3%) with no significant age difference 

between children with or without pain (8.4 years  SD 3.7 versus 9.0 years  SD 3.9, 

p=0.35) and no gender difference. Most children reported central abdominal pain (32/51, 

62.7%) with non-specific pain reported in 13/51 (25.5%) and epigastric pain in 6/51 

(11.8%). The abdominal pain was severe in 9/51 children (17.6%) and less than a third 

(27.4%) experienced nocturnal pain. Pain was unrelated to meals in the majority of 

children (39/51, 76.5%). Specific features of the abdominal pain were unrelated to H. pylori 

infection. 

 

Anorexia and early satiety were commonly reported (56/163, 34.4% and 62/163, 38.0% 

respectively).  Nausea was reported by 14 of 163 children (8.6%), vomiting by 9 children 

(5.5%) and regurgitation by 9 children. No child described hematemesis in the preceding 

month.  
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The presence of gastrointestinal symptoms was associated with younger age (with an 

odds ratio (OR) for age in years of 0.89, 95% confidence interval (CI) 0.82, 0.97). The 

odds of helminth infection was of borderline statistical significance in those who reported 

abdominal pain (adjusted OR 2.14, 95% CI 1.00, 4.57, p=0.049). Analysis by age strata 

(<5 years, 5-10 years and >10 years) showed that children >10 years were significantly 

less likely to complain of anorexia or early satiety (OR 0.29, 95% CI 0.11, -0.73, and OR 

0.27, 95% CI 0.11, 0.67 respectively). Malaria infections were not associated with any 

gastrointestinal symptom. 

 

Table 1 summarizes the association between H. pylori infection and symptoms, adjusting 

for age and gender. There was an inverse relationship between nausea and H. pylori 

infection (OR 0.29, 95% CI 0.085, 0.99). H. pylori infection was not associated with any 

other symptom, nor affected by the presence of helminth or malaria infections.  

 

Assessment of cytokine levels 

Predictors of circulating log-cytokine and log-chemokine (IL8) levels including age, gender 

and co-morbid infections were assessed. Age was inversely associated with natural log-

levels of TNFα, IL6 and IL8 (log-TNFα beta (β): -0.032, 95% CI -0.058, -0.007; log-IL6 β: -

0.058, 95% CI -0.10, -0.013 and log-IL8 β: -0.059, 95% CI -0.105, -0.013 respectively). 

Gender did not influence cytokine or IL8 levels.  

 

Co-morbid infections were analyzed separately, adjusting for age and gender. H. pylori 

infection was significantly associated with lower levels of the chemokine log-IL8 (β: -0.67, 

95% CI -1.15, -0.19) but did not influence any cytokine levels. Helminth infections were 

related to significantly elevated levels of circulating anti-inflammatory cytokines log-IL5 (β: 

0.43, 95% CI 0.105, 0.76) and log-IL10 (β: 0.54, 95% CI 0.17, 0.91). In contrast malaria 

infections were positively associated with higher circulating levels of the pro-inflammatory  

cytokine log-TNFα (β: 0.68, 95% CI 0.37, 1.0) and the regulatory cytokine log-IL10 (β: 

1.41, 95% CI 0.84, 2.0). When all co-morbid infections were analyzed together in the 

model (Table 2), H. pylori infection was significantly associated with lower levels of log-IL8, 

helminths were positively associated only with log-IL5 and there was a persisting 

relationship observed between malaria and higher levels of log-TNFα and IL10.  

 

Analysis of cytokine ratios 

In children with H. pylori infection, there was a significantly higher median IL10:IL12 ratio in 

those with concurrent helminth infection (Figure 1a, helminth positive (n=63): median 
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IL10:IL12 ratio 3.03 (IQR 2.01-8.11) versus helminth negative (n=63): median IL10:IL12 

ratio 2.33 (IQR 1.52-3.38), p=0.022)). Similarly, in children with H. pylori infection, those 

with concurrent malaria infection (Figure 1b) also had significantly elevated IL10:IL12 

ratios (malaria positive (n=10): median IL10:IL12 ratio 8.86 (IQR 5.13-19.85) versus 

malaria negative (n=104): median IL10:IL12 ratio 2.34 (IQR 1.76-3.55), p=0.001)). There 

was no difference in IL10:IL12 ratios in children without H. pylori infection and either co-

morbid infection (Figures 1a and 1b). No difference in IFNγ:IL5 and IFNγ:IL13 ratios were 

demonstrated in H. pylori positive or negative children with respect to either malaria or 

helminth infections (data not shown). 

 

Cytokine levels, co-morbid infections and reported symptoms in children with H. 

pylori infection 

Linear regression models were used to assess the effects of reported symptoms on each 

circulating cytokine in those children with H. pylori infection (n=137) after adjustment for 

age, gender and co-morbid infections. Symptoms of nausea were positively associated 

with log-IL10 levels in children with H. pylori infection (nausea β: 0.79, 95% CI 0.14, 1.43). 

The presence of anorexia, early satiety, abdominal pain or the overall presence of any 

gastrointestinal symptom was not associated with circulating cytokines in H. pylori infected 

children.  

 

Cytokine ratios, co-morbid infections and reported symptoms  

There was no differences in median cytokine ratios (IL10:IL12, IFNγ:IL5 or IFNγ:IL13) for 

reported gastrointestinal symptoms with the exception of children who reported anorexia 

who had had significantly lower median IFNγ:IL13 ratios (anorexia positive median 

IFNγ:IL13 ratio 1.0 (IQR 0.52-1.50) versus anorexia negative median IFNγ:IL13: 1.25 (IQR 

0.87-1.77), p=0.028). Similarly, malaria-negative children also had significantly lower 

median IFNγ:IL13 ratios in children who reported anorexia (malaria negative/anorexia 

positive: median IFNγ:IL13 ratio 1.0 (IQR 0.40-1.54) versus malaria negative/anorexia 

negative median IFNγ:IL13: 1.26 (IQR 0.87-1.77), p=0.042). H. pylori-negative children 

who reported anorexia had non-significantly lower IFNγ:IL13 ratios (p=0.051), but there 

was no difference for helminth-negative children and anorexia. In contrast, no differences 

in cytokine ratios and symptoms were demonstrated when analyzed by positive infection 

status. 

 

DISCUSSION 
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The prevalence of H. pylori, helminth and malaria infection in this cohort of resettled 

refugee children was high, but importantly was not associated with significant 

gastrointestinal symptoms. H. pylori infection appears to be acquired early in life, 

consistent with previous data.32,36  Furthermore, the lack of correlation of H. pylori, 

symptoms and circulating cytokines in African children has not been previously described 

and may add to a greater understanding of pediatric H. pylori infection. 

 

In this cohort, most children were asymptomatic or had mild gastrointestinal symptoms, 

reflected by the low median symptom scores. Children who reported anorexia and early 

satiety tended to be younger, but age was not associated with abdominal pain. No specific 

gastrointestinal symptom was predictive of H. pylori infection, although infected children 

were less likely to report nausea, in keeping with previous reports.23,37 There was no 

association between H. pylori infection and circulating pro-inflammatory cytokines, which is 

consistent with the relatively quiescent nature of H. pylori infection in childhood in the 

absence of mucosal ulceration.5  

 

Helminth infections were common and were marginally associated with abdominal pain but 

not with other symptoms. This prevalence estimate is likely to be more accurate than 

previous reports in this population2 due to the inclusive nature of our diagnostic criteria, 

particularly as positive fecal identification may be affected by empiric anti-helminthic 

treatment. There was no other association between helminths and symptoms and/or H. 

pylori infection, in contrast to a reported association between concurrent H. pylori infection 

and giardiasis and RAP,38 although other data are conflicting.22 Malaria infections were 

generally mild (as reflected by level of parasitized red blood cells and probable relative 

anti-disease immunity in African refugee children) and were not associated with any 

specific abdominal symptoms.  

 

H. pylori symptom profiles in children reflect an interplay between the chronicity of 

infection, the host’s immune response,15,39,40 heterogeneity of bacterial virulence25,26,41,42 

and the ability of a child to report and describe symptoms. In addition, psychological 

symptoms, unfamiliarity with foods and language may contribute to and/or alter patterns of 

symptom reporting in refugee families. In keeping with other population-based studies in 

children, there was no association observed between H. pylori infection and abdominal 

pain although not all studies are consistent.19,20,37,43-45 Previous data indicate that children 

may remain asymptomatic despite histological progression of H. pylori-induced gastritis.46 

In our subset of H. pylori-infected children, IL10 levels were elevated in those reporting 
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nausea and this association was independent of helminth47 and malaria co-infections,48 but 

the biological significance is unclear.  

 

There is no validated H. pylori-specific screening tool for children. Our symptom 

questionnaire was derived from a combination of clinical experience in managing refugee 

children and from published data.23,37,49 The questionnaire was administered through 

professional interpreters and showed reasonable test-retest reliability. The cross-sectional 

nature of our data and the timing of the study immediately following resettlement, a period 

of significant physical and psychological readjustment, may influence the spectrum of 

physical symptoms reported and limit the sensitivity of symptom identification. Larger 

longitudinal studies that include refugee children who have been resettled for longer 

periods and do not have psychological co-morbidities (including post-traumatic stress 

disorder) are warranted to delineate the roles of psychological factors and/or co-morbid 

infections in gastrointestinal symptoms in refugee children. 

 

This is the first study to assess peripheral cytokines in refugee children with multiple co-

morbid infections. There was no relationship between H. pylori infection and circulating 

cytokines in this pediatric cohort, although infected children had significantly lower levels of 

the chemokine IL8. Data from adults with H. pylori infection show Th1-skewing of gastric 

mucosal cytokines but this is not consistently demonstrated in children.15,29,30,50 There is 

evidence that regulatory T-cells (Treg) modify cytokine production, leading to increased 

IL10 and transforming growth factor 1 and subsequent clinical presentation.15,51,52 Treg 

IL10 expression inhibits IL8 production in H. pylori infected gastric cells in vitro,51 which 

may contribute to the lower circulating IL8 levels observed in H. pylori-infected children. 

Similar findings are reported in asymptomatic adult patients.53 Reduced IL8 levels may 

reflect down-regulation of monocyte neutrophil activation54 and/or the effect of Treg 

cells15,51 although we did not demonstrate an association between elevated peripheral IL10 

levels and either H. pylori infection or IL8 levels. However, it is difficult to comment on the 

kinetics of cytokine production in a cross-sectional study. Longitudinal studies with 

repeated sampling are required to assess the interplay of host mediators in chronic H. 

pylori infection. 

 

There have been previous reports of Th2-skewed immune responses that are partly 

attributable to concurrent helminth burden in both children and adults.32,40,55,56 Similarly in 

our cohort, helminth infections were prevalent in H. pylori-infected children and were 

significantly associated with elevated IL5 (a prototypical Th2 cytokine) and IL10 levels. 
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Similarly elevated IL10 levels have been reported in African children with chronic 

schistosomiasis and malaria,57 both common findings in this cohort. IgE levels were 

significantly elevated in those with helminth and malaria infections but we are unable to 

comment further on antibody responses as H. pylori-specific IgG subclasses were not 

measured.55,56 We have previously reported that H. pylori serology in this cohort is not 

useful diagnostically, particularly in the younger age group.35 Elevated TNFα levels (a pro-

inflammatory Th1 cytokine) were observed in children with malaria who also had elevated 

IL10 levels, which down-regulates TNFα and modulates severity of presentation.48,58,59  

 

Interestingly children with H. pylori infection and concurrent helminth and malaria 

infections had significantly elevated IL10:IL12 ratios reflecting a possible Treg influence, 

but there was no significant Th2 skewing with respect to IFNγ:IL5 and IFNγ:IL13 ratios in 

this cohort. Furthermore we did not demonstrate any strong associations between cytokine 

ratios and symptom reports. Although there was a statistically significant difference in 

median IFNγ:IL13 ratios in children who reported anorexia (with a slight skewing towards 

Th2 pathway in anorectic children), the clinical significance of this is uncertain and requires 

replication. 

 

There are some limitations of this study. Firstly the lack of endoscopy and gastric biopsy 

findings that would allow correlation between local inflammation, gastrointestinal 

symptoms and circulating cytokines is an important consideration. However, in an 

unselected and predominantly asymptomatic cohort of children, endoscopy under 

anesthesia was considered both impractical and unjustifiable. H. pylori-induced cytokine 

expression within the gastric mucosa may be more clinically relevant than circulating 

cytokine levels, although previous studies do not show a consistent correlation between 

severity of gastritis and cytokine expression.30,50 Furthermore, we did not address 

genotype or virulence heterogeneity (e.g. cytotoxin-associated gene A pathogenicity 

island,42,60 vacuolating cytotoxin A61 or HomB strains62) which may contribute to the 

manifestation of symptoms and disease.25,28,46 Finally, a cross-sectional study design does 

not address either the dynamic nature of both symptom modifiers in recently resettled 

refugees nor the kinetics of the host cytokine response. 

 

CONCLUSION 

There is a high prevalence of asymptomatic gastrointestinal infections in African refugee 

children, especially helminths and H. pylori. Our results are novel and reflect the complex 

interaction between Th1, Th2 and Treg responses, infections and age. Circulating cytokine 
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levels were not significantly elevated in H. pylori-infected children in keeping with the 

relatively quiescent nature of pediatric infection. In contrast, children with malaria and 

helminth infections had elevated TNFα, IL5 and IL10 levels as well as evidence of elevated 

IL10:IL12 ratios in those with concurrent H. pylori infection and co-morbid infections. 

Despite the potential complications of chronic infection, eradication of H. pylori in this 

pediatric sub-population requires careful consideration given the lack of correlation with 

clinical symptoms, increasing antibiotic resistance, potential side-effects and significant 

costs of therapy. In line with current pediatric H. pylori guidelines, a “test and treat” policy 

is not recommended for African refugee children.21 Further longitudinal studies addressing 

the correlation between symptomatology, gastric mucosal histology, cytokine levels and 

virulence factor expression are warranted in high prevalence populations.  
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TABLE 1: Adjusted odds ratios* for positive diagnosis of Helicobacter pylori 

infection versus gastrointestinal symptoms. 

Variable Number  
(H. pylori infection; %)

Odds ratio 95% CI p-value 

Age (years) 163 (137; 84.0) 1.17 1.03, 1.32 0.012 

Gender 
Female 
Male 

 
81 (65; 80.2) 
82 (72; 87.8) 

 
Reference 

1.77 

 
 

0.75, 4.18 

 
 

0.191 
Presence of symptoms*     
Abdominal pain 
     No 
     Yes 

 
112 (95; 84.8) 
51 (42; 82.4) 

 
Reference 

0.92 

 
 

0.37, 2.30 

 
 

0.867 
Nausea 
     No 
     Yes 

 
149 (128; 85.9) 

14 (9; 64.3) 

 
Reference 

0.29 

 
 

0.08, 0.99 

 
 

0.047 
Vomiting 
     No 
     Yes 

 
154 (128; 83.1) 

9 (6; 66.7) 

 
Reference 

0.49 

 
 

0.11, 2.22 

 
 

0.354 
Anorexia 
     No 
     Yes 

 
107 (92; 86.0) 
56 (45; 80.4) 

 
Reference 

0.84 

 
 

0.34, 2.03 

 
 

0.692 
Early Satiety 
     No 
     Yes 

 
101 (86; 85.1) 
62 (51; 82.3)  

 
Reference 

1.01 

 
 

0.42, 2.44 

 
 

0.988 
Any symptom 
     No 
     Yes 

 
79 (69; 87.3) 
84 (68; 81.0) 

 
Reference 

0.78 

 
 

0.32, 1.91 

 
 

0.595 
*adjusted for age and gender; %: percentage; 95% CI: 95 percent confidence interval 
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Table 2: Adjusted linear regression* analyzes for log-cytokine and log-chemokine levels and presence of co-morbid infections 

 
* age and gender adjusted; IL: interleukin; IFN: interferon gamma; TNF: tumor necrosis factor alpha; NS: not significant; 95% CI: 95 

percent confidence interval 

Infection 
Log-IL1b Log-IL2 Log-IL4 Log-IL15 Log-IL6 

 95% CI p  95% CI p  95% CI p  95% CI p  95% CI p 

H. pylori -0.20 
-0.80, 
0.40 

NS -0.69 
-1.44, 
0.061 

NS -0.18 -0.92, 0.57 NS 
-

0.099 
-0.54, 0.34 NS -0.23 -0.71, 0.25 NS 

Helminth 0.22 
-0.24, 
0.69 

NS 0.24 -0.35, 0.82 NS 0.071 -0.51, 0.65 NS 0.42 
0.077, 
0.76 

0.017 0.24 -0.13, 0.62 NS 

Malaria 0.37 
-0.39, 
1.13 

NS 0.53 -0.42, 1.48 NS -0.47 -1.42, 0.47 NS 0.096 -0.46, 0.65 NS -0.23 -0.84, 0.38 NS 

 

Infection 
Log-IL7 Log-IL8 Log-IL10 Log-IFN Log-TNF 

 95% CI p  95% CI p  95% CI p  95% CI p  95% CI p 

H. pylori 
-

0.056 
-0.42, 
0.31 

NS -0.68 
-1.16, -

0.19 
0.006 

-
0.0
79 

-0.54, 0.38 NS 
-

0.099 
-1.01, 0.81 NS 

-
0.073 

-0.33, 0.18 NS 

Helminth 0.17 
-0.12, 
0.45 

NS 0.12 -0.26, 0.49 NS 
0.3
4 

-0.018, 
0.70 

NS 0.28 -0.43, 0.99 NS 0.017 -0.18, 0.22 NS 

Malaria 
-

0.069 
-0.53, 
0.39 

NS -0.20 -0.81, 0.41 NS 
1.2
6 

0.67, 1,85 
<0.00

1 
0.83 -0.33, 1.98 NS 0.67 0.34, 1.01 <0.001 



 118

Figure 1A: Median IL10:IL12 ratio for children with Helicobacter pylori infection 

according to helminth status 
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Figure 1B: Median IL10:IL12 ratio for children with Helicobacter pylori infection 

according to malaria status 
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CHAPTER 6: EXTRA-GASTROINTESTINAL MANIFESTATIONS: 

IRON DEFICIENCY ANAEMIA 

 
6.1 INTRODUCTION 

Iron deficiency anaemia (IDA) is the most common micronutrient deficiency in the world.348-

350 It is endemic in developing nations and populations from low socioeconomic 

environments, and is commonly identified in refugee children resettled in Australia.351-359 

Young infants, pubertal children (particularly adolescent girls) and pregnant women are at 

highest risk of IDA as physical demands of growth and/or menstruation can outstrip iron 

intake.348,350,360-362 Insufficient dietary iron intake is the most common cause of IDA in 

children whereas in adults causes such as gastrointestinal blood loss (and/or associated 

malignancy) need to be excluded.348  

 

There is now some support for the view that refractory IDA may be an extra-

gastrointestinal manifestation of H. pylori infection in both adults and children,185,363,364 

however the mechanisms behind this phenomenon are not clear. This chapter will outline 

the current literature and discuss the issues related to IDA in children with respect to H. 

pylori infection. The chapter will conclude with the published study manuscript (Appendix 

10) which discusses the relationships between H. pylori infection, IDA, urinary hepcidin 

and circulating cytokines in African refugee children.365 

 

6.2 REVIEW OF LITERATURE  

6.2.1 H. PYLORI INFECTION AND IRON DEFICIENCY 

The evidence in favour of H. pylori-induced IDA continues to increase although data 

remain conflicting.34,63,361,363,364,366-373 Some epidemiological studies have demonstrated 

significant associations between iron deficiency (ID) and H. pylori infection, although 

multiple definitions for ID have been utilised.156,168,364,374-382 A study in Alaskan children 

demonstrated that active H. pylori infection (as detected by urea breath testing or faecal 

antigen assays) was not associated with anaemia or ID, whereas those with positive H. 

pylori serological titres were at higher risk of anaemia and/or ID. This may reflect a 

possible difference in  H. pylori infection chronicity and subsequent complications,383 but 

also raises the inherent issues around using serology to define current infection as 

discussed in Chapter 4 (Diagnostics).  
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There have been many reports of refractory IDA in asymptomatic patients (both adults and 

children), where H. pylori infection has been subsequently diagnosed and/or treated with 

significant improvements in haematological parameters.364,372,384-391 There are a few 

randomised controlled trials (RCTs) demonstrating varying haematological improvements 

in patients with concurrent H. pylori infection and IDA who were given H. pylori eradication 

therapy,364,392-395 although these findings are not supported elsewhere.367,370,395 Despite 

considerable heterogeneity between studies, a recent meta-analysis suggested that there 

appears to be an association between H. pylori infection and IDA.396 In contrast, the effects 

of  bacterium eradication on haematological parameters, was not statistically significant,  

which may possibly reflect the small number of RCTs included.396 

 

Although the data are not entirely clear, international consensus guidelines now include 

refractory IDA in children as an indication for H. pylori eradication.185,218,397 Additionally, 

there is growing interest in the effects of IDA in peri-pubertal children with H. pylori 

infection,168,374,377 and its possible impact on growth, which is discussed further in Chapter 

7.2.4.1. 

 

6.2.2 POSTULATED PATHOGENIC MECHANISMS  

The multiple mechanisms in which H. pylori infection may contribute to IDA in childhood 

will be discussed in this section. 

 

6.2.2.1 Blood loss 

The majority of H. pylori-infected children do not have gastric/duodenal ulceration or 

severe gastritis resulting in overt blood loss, although this needs to be excluded in those 

presenting with significant epigastric pain, haemetemesis, melaena or those who are 

positive for faecal occult blood.363,386 Interestingly, there appears to be no clear correlation 

between severity of histological gastritis and IDA,363,368,371,385,387,388 which suggests that 

blood loss is not the main driver of iron deficiency and anaemia in children (and possibly 

also in adults). 

 

6.2.2.2 Bacterial iron uptake  

The H. pylori bacterium has iron-scavenging abilities due to its Pfr gene which produces a 

protein similar in nature to ferritin. This pathogenic capacity may potentially compete with a 

host’s uptake of iron, leading to iron deficiency and/or IDA.398-400 Human lactoferrin, which 

is commonly found in gastric mucosa, is also thought to be an important growth factor for 

H. pylori, which can then acquire iron carried by the protein.401,402 This has been postulated 
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to be the mechanism responsible for IDA in pre-pubertal girls403 but the pathogenesis may 

be more complex.363 Other possible mechanisms discussed in the literature include an 

increased iron uptake,363 diversion of iron from the bone marrow by H. pylori,387 presence 

of iron-repressible outer membrane proteins404 and the role of H. pylori feoB gene, which 

produces a high affinity ferrous iron transporter.405,406 

 

6.2.2.3 Host impairment of iron uptake/absorption 

Impaired iron uptake or absorption by the host as a result of reductions in ascorbic acid 

levels and/or hypochlorydia has been suggested as other potential mechanisms behind H. 

pylori-induced IDA. Ascorbic acid, the biologically active form of vitamin C, facilitates the 

reduction of non-heme iron from ferric (Fe3+) to ferrous form (Fe2+), which potentiates 

absorption of iron in the duodenum and proximal jejunum.360,362 Ascorbic acid also chelates 

ferric chloride in the stomach, rendering it more stable.362 Woodward et al demonstrated 

that H. pylori infected subjects had substantially lower plasma levels of vitamin C 

compared to uninfected controls.407 Banerjee et al have shown that irrespective of plasma 

ascorbic acid levels, gastric ascorbic acid levels were inversely related to the degree of 

antral inflammation in H. pylori infected patients, and that gastric ascorbic acid levels rose 

significantly following eradication of the bacterium.408 It has also been suggested that poor 

iron absorption occurs secondary to hypochlorydia, higher intragastric pH levels and 

reduced gastric ascorbic acid levels in H. pylori infected patients, particularly in those with 

pangastritis or CagA positive strains.9,34,310,363,364,409,410  

 

6.2.2.4 Hepcidin  

Hepcidin is a type II acute phase reactant released by hepatocytes and is central to iron 

regulation and tissue distribution.411-413 There has been speculation in the literature that 

hepcidin (and its effects on circulating cytokines, particularly interleukin (IL) 6) is the link 

between H. pylori infection and anaemia of chronic disease (ACD).414 H. pylori has a 

lipopolysaccharide capsule, which has been shown to increases IL6 production which in 

turn stimulates hepcidin expression.415,416 Increased production of hepcidin leads to 

reduced intestinal iron absorption and impaired iron release from macrophages, 

enterocytes and hepatocytes resulting in hypoferremia and iron deficiency. This has been 

demonstrated in IDA, ACD and acute malarial infections.416-420 Although this is an attractive 

mechanism for IDA in H. pylori infection, currently there is no evidence to demonstrate that 

such alterations occur in H. pylori-induced anaemia, particularly in childhood. For this 

reason, urinary hepcidin levels were included in this study to determine whether there was 

an association between hepcidin, IDA, peripheral IL6 responses and active H. pylori 
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infection. A more substantial discussion of the role of hepcidin and IDA can be found in 

Chapter 6.3. 

 

6.2.2.5 Other potential mechanisms 

There has also been interest in the effect of other circulating inflammatory cytokines, 

particularly with respect to ACD. Recently, Afifi et al demonstrated a significant inverse 

relationship between tumour necrosis factor alpha (TNFα) and haemoglobin levels in a 

cohort of H. pylori seropositive adults.421 These adults had significantly higher levels of 

TNFα (a pro-inflammatory cytokine), but despite this, ID/IDA was not more prevalent 

compared to H. pylori seronegative subjects.421 There are no analogous studies in 

children.  

 

6.3 HAEMATOLOGIC ASSOCIATIONS MANUSCRIPT  

Iron deficiency anaemia is a common diagnosis in resettled refugee children, however the 

association with H. pylori infection was unclear at the time of study conception. 

Furthermore, there was no paediatric data on the association between IDA and urinary 

hepcidin levels in a cohort with a high prevalence of infections, such as H. pylori infection, 

malaria and helminths. Examination of peripheral cytokine responses, in particular IL6, 

IFNγ and TNFα levels, and the potential correlation with iron status and urinary hepcidin 

levels added a novel dimension to this study as presented in the following manuscript.  

 
Cherian S, Forbes DA, Cook AG, Sanfilippo FM, Kemna EH, Swinkels DW, Burgner 

DP. An insight into the relationships between hepcidin, anemia, infections and 

inflammatory cytokines in pediatric refugees: a cross-sectional study. PLoS ONE 

2008; 3 (12): e4030. 

 

ABSTRACT  

BACKGROUND: Hepcidin, a key regulator of iron homeostasis, is increased in response 

to inflammation and some infections, but the in vivo role of hepcidin, particularly in children 

with iron deficiency anemia (IDA) is unclear. We investigated the relationships between 

hepcidin, cytokines and iron status in a pediatric population with a high prevalence of both 

anemia and co-morbid infections.  

METHODOLOGY/PRINCIPAL FINDINGS: African refugee children <16 years were 

consecutively recruited at the initial post-resettlement health check with 181 children 

meeting inclusion criteria. Data on hematological parameters, cytokine levels and co-

morbid infections (Helicobacter pylori, helminth and malaria) were obtained and urinary 
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hepcidin assays performed. The primary outcome measure was urinary hepcidin levels in 

children with and without iron deficiency (ID) and/or ID anaemia (IDA). The secondary 

outcome measures included were the relationship between co-morbid infections and (i) ID 

and IDA, (ii) urinary hepcidin levels and (iii) cytokine levels.  IDA was present in 25/181 

(13.8%). Children with IDA had significantly lower hepcidin levels (IDA median hepcidin 

0.14nmol/mMol Cr (interquartile range 0.05-0.061) versus non-IDA 2.96nmol/mMol Cr, 

(IQR 0.95-6.72), p<0.001). Hemoglobin, log-ferritin, iron, mean cell volume (MCV) and 

transferrin saturation were positively associated with log-hepcidin levels (log-ferritin beta 

coefficient (): 1.30, 95% CI 1.02 to 1.57) and transferrin was inversely associated (: -

0.12, 95% CI -0.15 to -0.08). Cytokine levels (including IL-6) and co-morbid infections were 

not associated with IDA or hepcidin levels.  

CONCLUSION/SIGNIFICANCE: This is the largest pediatric study of the in vivo 

associations between hepcidin, iron status and cytokines. Gastro-intestinal infections (H. 

pylori and helminths) did not elevate urinary hepcidin or IL-6 levels in refugee children, nor 

were they associated with IDA. Longitudinal and mechanistic studies of IDA will further 

elucidate the role of hepcidin in paediatric iron regulation. 
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INTRODUCTION 

Iron deficiency anemia (IDA) is one of the commonest nutritional deficiencies globally, with 

young children, women of childbearing age and pregnant women at highest risk.1 

Adequate iron stores are important for normal childhood growth and development1 and 

IDA may impair cognitive development.2,3 Nutritional deficiencies are particularly prevalent 

in resettled pediatric refugees, who often have significant co-morbidities (including acute 

chronic infection and/or hemoglobinopathies) which may exacerbate IDA.4  

 

Hepcidin, a type II acute phase peptide, plays a central role in the regulation of iron 

homeostasis.5,6 Abnormal hepcidin regulation has been linked to anemia of chronic 

disease (ACD) and hemochromatosis.6 Hepcidin production is driven by pro-inflammatory 

cytokines, particularly interleukin-6 (IL-6).7 It has been proposed that the refractory IDA 

associated with Helicobacter pylori infection may be mediated by inflammation-driven 

hepcidin production.8 There are few in vivo human data, particularly in children, to 

substantiate these putative roles of hepcidin in either IDA or in infections.  

 

We explored associations between IDA, urinary hepcidin and cytokine levels in a pediatric 

population with a high prevalence of infections, including H. pylori and Plasmodium 

falciparum. The primary aim was to assess hepcidin levels in refugee children in whom a 

high prevalence of IDA and H. pylori infection was expected. The secondary aim was to 

investigate the effect of co-morbid infections on (i) ID and IDA, (ii) urinary hepcidin levels 

and (iii) cytokine levels. We hypothesized that children with H. pylori infection would have 

a higher prevalence of IDA, higher urinary hepcidin levels and increased inflammatory 

cytokines, particularly of IL-6.  

 

METHODS 

Study population and design 

A cross-sectional study was conducted at the initial health assessment unit responsible for 

screening the majority of humanitarian refugees resettled in Western Australia (WA).9 The 

health assessment takes place over two visits, one week apart, at a median time of six 

weeks post-resettlement (Dr A Thambiran, Medical Director, Migrant Health Unit (MHU), 

personal communication, 2007). African children (<16 years) were assessed between 

February and November 2006 and consecutively recruited, with informed consent obtained 

in the presence of trained interpreters, as appropriate. Ethical approval was obtained from 

the Women and Children’s Ethics Committee, Princess Margaret Hospital for Children, 

Perth, Australia (Reference #: EC06-04.13). 
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Data on age, gender, ethnicity, pre-migration and recent drug administration, the presence 

of gastrointestinal symptoms (in children 2 years) and details of menarche for pubertal 

girls were obtained. Blood and urine samples were obtained at the first visit and fecal 

samples at the second, as part of routine clinical care.10 Children were excluded if they 

had received antibiotics or specific treatment for H. pylori in the preceding month, had a 

diagnosis of immunodeficiency or active tuberculosis, or if H. pylori fecal antigen testing 

was not performed.  

 

Hematological analyses 

Complete blood count, blood film, iron and hemoglobinopathy studies (HPLC and genetic 

analyses) were performed on each child at the initial visit. Anemia was defined as a 

hemoglobin concentration less than age and gender-adjusted norms used in our pediatric 

population (PathWest Laboratories, Nedlands, Perth, WA).11 The reference intervals used 

in this study are comparable to those of the World Health Organization (WHO) Guidelines 

for anemia and iron deficiency.12 As ferritin, an acute phase reactant, may be elevated 

during co-morbid infection(s), iron deficiency (ID) was defined as ≥2 abnormal age-

corrected iron parameters (iron, ferritin, transferrin and transferrin saturation). IDA was 

defined as concurrent ID and anemia. 

 

Urinary hepcidin analysis 

Freshly voided urine samples were collected and 10mL aliquots were centrifuged at 

5000rpm for 5 minutes and frozen at -800C for batch analyses at the Department of 

Clinical Chemistry, Radboud University, Nijmegen Medical Centre, The Netherlands. 

Urinary hepcidin measurements of the bioactive hepcidin-25 isoform were performed by 

surface enhanced laser desorption ionization – time of flight mass spectrometry (SELDI-

TOF MS), using a mass spectrometry method updated from Kemna et al.13 A synthetic 

hepcidin-24 peptide (Peptide international Inc, Louisville, KY, USA) was used as an 

internal standard.14 After dissolving the lyophilized hepcidin-24 peptide in distilled water 

(0.5μM), 5μL of the solution was added as an internal standard to 495μL urine sample 

(5nmol), immediately followed by application of a 5μL sample to immobilized copper (Cu2+) 

affinity capture protein chip arrays (IMAC30-Cu2+), equilibrated with appropriate buffers 

according to the manufacturer’s instructions (Biorad, Hercules, CA, USA). Samples with 

hepcidin peak heights >55Int were considered out of linear range and were diluted with 

blank urine from a patient with juvenile hemochromatosis.15 The urine hepcidin 

concentrations were normalized to urine creatinine (Cr) values and are reported as 
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nmol/mMol Cr. Intra-assay or spot-to-spot variation of urinary hepcidin ranged from 6.1% 

at 3.2nmol to 7.3% at 1.2 nmol (n=8). Inter-assay variation ranged from 7.9% at 5nmol to 

10.9% at 1.0nmol (n=4). The normal range for adults is 0.01-10.6nmol/mMol Cr 

(www.hepcidinanalysis.com). The lower limit of detection lay between 0.003 and 

0.037nmol/mMol Cr. 

 

Cytokine analyses 

Peripheral blood samples for cytokine analyses were obtained from children >2 years of 

age, centrifuged and serum snap-frozen at -800C for batch analyses. Assays for IL-6, IL-

1, tumor necrosis factor alpha (TNF) and interferon gamma (IFN) were performed 

using a commercial assay (High Sensitivity Human Cytokine LINCOplex kit, Millipore, 

Missouri, USA) according to the manufacturer’s instructions. 

 

Diagnosis of infectious diseases 

H. pylori infection was diagnosed using monoclonal fecal antigen immunoassay 

techniques (MFAT) (Amplified IDEIA™ HpStAR™ kits, Dako, Denmark and Oxoid, 

Australia) in accordance with the manufacturer’s instructions and as previously 

described.16 H. pylori IgG was measured using a commercial assay (Genesis Diagnostics 

HpG Screen ELISA, Cambridgeshire, England).17 Helminth infection was defined by the 

presence one or more of the following results: (i) positive serology for schistosomiasis 

and/or strongyloidiasis, (ii) raised IgE levels (> 280kU/L), (iii) peripheral eosinophilia (≥ 0.7 

x109/L) or (iv) positive stool microscopy for ova cysts or parasites of known pathogenic 

helminths. Fecal microscopy for parasites was performed only if there was serological 

evidence of helminth activity, peripheral eosinophilia or clinical indications, in accordance 

with clinical protocols. Latent tuberculosis infection (LTBI) was defined as children with a 

positive QuantiFERON-Gold™ result (Cellestis, Carnegie, Australia), normal chest 

radiographs and an absence of clinical symptoms suggestive of active TB. All children 

were screened for malaria in WA with single thick and thin blood films and rapid 

immunochromatographic testing for P. falciparum malaria (Binax NOW, Portland, USA), 

irrespective of symptoms or pre-migration anti-malarial treatment.  

 

Statistical analyses 

All data were analyzed using SPSS version 14.0 for Windows (2005 Chicago, Illinois, 

USA). Continuous variables were transformed where necessary and compared using the 

independent t-test or Mann-Whitney (MW) test as appropriate. Associations between 
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categorical variables were initially analyzed using Pearson chi-squared or Fisher’s exact 

tests. Log-transformation (natural logarithm) of ferritin and urinary hepcidin was required to 

normalize the distribution of these variables for regression analyses. Logistic regression 

models were developed to analyze associations with ID and IDA using clinical and 

demographic factors as independent variables and adjusting for age and gender. Linear 

regression models were used to evaluate the effect of age- and gender-adjusted 

independent variables on log-hepcidin levels as a continuous dependent variable. 

Statistical significance was set at the 5% level and 2-sided p-values were calculated. 

 

RESULTS 

Characteristics of the study population 

In total, 198 children were recruited with 17 subsequently excluded (5 had received recent 

antibiotics, 11 did not have MFAT performed and 1 child did not have hematological 

assessment). Of the 181 children included in subsequent analyses, 93 were male (51.4%). 

The mean age was 8.0 years (standard deviation (SD) 4.3 years). There were six ethnic 

groups with Sudanese (33.7%), Burundian (28.7%) and Liberian (12.7%) children 

predominating. Ten girls had attained menarche (mean age 14.2 years (SD 1.0 years)). 

Approximately half the children (84/162, 51.8%) had no gastrointestinal symptoms at the 

time of interview. There was no difference in symptoms in the prevalence of symptoms in 

children with and without H. pylori or helminth infections (H. pylori infected: 69/137 (50.4%) 

asymptomatic versus 68/137 (49.6%) symptomatic, p=0.292 and helminth infected: 40/75 

(53.3%) asymptomatic versus 35/75 (46.7%) symptomatic, p=0.274 respectively). 

 

Hematologic parameters and iron status 

Hematologic characteristics of the study population are summarized in Table 1. Fifty six 

children (30.9%) were anemic and 35 (19.3%) had ID (Table 2). IDA was present in 25 of 

181 children (13.8%) who were younger than non-anemic children (6.3 years, SD 5.0 

versus 8.3 years, SD 4.2, p=0.033). There was no gender difference in the prevalence of 

IDA. A third of children (50/181) had a hemoglobinopathy with alpha thalassemia trait 

(single gene deletion) (20/50), sickle cell anemia (HbS) trait (15/50) and alpha thalassemia 

trait (single gene deletion)/HbS trait (7/50) the most common findings. No child was 

homozygous for thalassemia, HbS or double heterozygotes for β0 thalassemia/HbS.  

Hemoglobinopathies were not associated with ID, IDA or urinary hepcidin levels (Tables 3 

and 4). None of the girls who had attained menarche had IDA.  
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Logistic regression analyses were performed to assess the relationship between a range 

of predictive variables and the presence of ID and IDA (Table 3). In the adjusted model, 

log-hepcidin was inversely related to ID (odds ratio (OR) 0.64, 95% CI 0.48-0.85, p=0.002) 

whereas male gender significantly increased the odds of ID (OR 3.25, 95% CI 1.10-9.62, 

p=0.034). For those with IDA, univariate analysis indicated that age (in years) and log-

hepcidin were inversely associated. In the age- and gender-adjusted model, only lower 

log-hepcidin levels were significantly associated with IDA (OR 0.37, 95% CI 0.24-0.57, 

p<0.001).  

 

Urinary hepcidin analyses 

Urinary hepcidin assays were performed in 147 children. The median hepcidin level was 

2.23nmol/mMol Cr (interquartile range (IQR) 0.83-6.17). Children with ID and IDA had 

significantly lower hepcidin levels compared to those with normal hematologic parameters 

(Table 2). Adjusted linear regression analyses demonstrated that log-hepcidin was 

positively associated with hemoglobin, mean cell volume (MCV), iron, log-ferritin and 

transferrin saturation levels and negatively associated with transferrin (Table 4).  The 

presence of anemia, ID and IDA also were negatively associated with log-hepcidin levels. 

Log-ferritin and log-hepcidin levels were significantly correlated (Pearson r=0.587, 

p<0.001).  

 

Infectious diseases 

Pre-migration administration of albendazole (an anti-helminthic agent) was documented in 

143 children (79.0%), with the remainder receiving empiric albendazole at the first health 

assessment visit. The timing of albendazole administration did not influence ID, IDA or 

hepcidin levels (Tables 3 and 4). Helminth infections were diagnosed in 76/181 children 

(42.0%). Eosinophilia was present in 24 children; 12 had positive serology/fecal 

microscopy and elevated IgE levels, 5 had normal IgE levels with positive serology, 5 had 

elevated IgE levels with negative serology and only 2 had isolated eosinophilia (but had 

received pre-departure albendazole therapy). Elevated IgE levels were found in 63/181 

children (34.8%). Eosinophil and IgE levels were significantly higher in children with 

helminth infections (but not H. pylori infection) (Table 5). P. falciparum malaria was 

detected in 16 children (8.8%) and 11 children (6.1%) had LTBI.  No child with LTBI had ID 

or IDA; LTBI was therefore not included as a covariate in logistic regression analyses.  

 

There was a high prevalence of H. pylori infection in this cohort (148/181; 81.8%).18 

Children with H. pylori infection were significantly older (8.5 years (SD 4.2) versus 5.8 
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years (SD 4.3), p=0.001) and had a higher mean hemoglobin (119.5g/L (SD 14.9) versus 

112.2g/L (SD 12.3), p=0.010). Hematologic parameters and cytokine levels for children 

with and without H. pylori and helminth infections are shown in Table 5. 

 

Ferritin levels were significantly higher in those children with helminth (n=76) and malaria 

infections (n=16), but not in those with H. pylori infection (n=148). The median ferritin 

levels for helminth, malaria and H. pylori infected versus non-infected children were, 

respectively; 37.5g/L (IQR 22.0-51.7) versus 28.0g/L (IQR 15.0-41.0), MW p=0.002; 

39g/L (IQR 25.0-55.7) versus 31g/L (IQR 16.0-46.5), MW p=0.046; and 32.0g/L (IQR 

18.0-48.0) versus 32.0g/L (IQR 17.0-43.0), MW p=0.525. 

 

No co-morbid infections were associated with ID, IDA or hepcidin on regression analyses 

(Tables 3 and 4). Urinary hepcidin levels were not significantly different between children 

with (n=69) or without (n=78) helminth infections MW p=0.669) nor in children with (n=125) 

or without (n=15) H. pylori infection (MW p=0.598). Median hepcidin levels in children with 

helminth and H. pylori infection were 2.42 nmol/mMol Cr (IQR 0.84-5.41) and 2.17 

nmol/mMol Cr (IQR 0.84-6.20), respectively (Table 5). No differences in hepcidin levels 

were demonstrated in children who were H. pylori seropositive (n=78) compared to those 

who were seronegative (n=62) (data not shown). In children with malaria (n=16), median 

hepcidin levels were higher (4.69 nmol/mMol Cr (IQR 0.96-9.38) versus 2.19 nmol/mMol 

Cr (IQR 0.81-5.99) but this was not significant (MW p=0.209). Eight children had a repeat 

urinary hepcidin assay one month post malaria treatment (median hepcidin 1.65 

nmol/mMol Cr (IQR 0.48-3.04), with the reduction in hepcidin levels trending downwards 

(Wilcoxon rank sum test p=0.051).  

 

Cytokine analyses 

Serum cytokines were measured in 139 children (Table 1). There were no significant 

associations between ID, IDA or hepcidin levels and circulating IL-1, IL-6, TNF or IFN 

(Tables 3 and 4). IL-6 levels did not differ significantly between children with or without H. 

pylori infection diagnosed by MFAT (H. pylori infected 14.5pg/mL (IQR 10.8-24.3) versus 

uninfected 16.1 pg/mL (IQR11.4-40.2), MW p=0.262) (Table 5) or by serology (data not 

shown). 

 

DISCUSSION 
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This is the first in vivo study to explore the associations between hepcidin, iron status, co-

morbid infections and cytokine levels in children. Urinary hepcidin levels were significantly 

lower in children with ID and IDA. There was no relationship between hepcidin and serum 

cytokine levels, H. pylori or helminth infections. Our results support a feedback mechanism 

between IDA and/or low ferritin and hepcidin secretion. The effect of transferrin on 

hepcidin is likely mediated by low transferrin-bound iron and/or anemia.6  

 

Hepcidin and iron deficiency parameters 

ID and IDA are common in refugee children with a prevalence of IDA similar to other non-

Caucasian ethnic groups19,20 and higher than that in Caucasian Australian children.21 

Nutritional deficiencies are highly prevalent in paediatric refugees resettled in Australia,4 

partly due to lack of dietary iron, prolonged breastfeeding and/or delayed introduction of 

appropriate solid foods and excessive intake of cow’s milk. All children were United 

Nations High Commissioner of Refugees (UNHCR) designated refugees, and were likely 

to have experienced nutritional and socioeconomic deprivation. Additional nutritional data 

were not collected as part of this study. 

 

Many studies and guidelines define iron stores (and hence ID) by a single low ferritin 

level.1,12 Ferritin is an acute phase reactant and thus a poor measure of iron status in 

populations in whom infections are prevalent. The WHO defines ID as a ferritin of <30g/L 

in the presence of infection and/or a combination of other iron parameters to increase the 

specificity of ID detection.12 In this study, the broader definition of ID took account of the 

likely confounding effect of common co-morbid infections on ferritin levels. We found that 

children with helminth and malaria infections (but not H. pylori) had higher ferritin levels 

than uninfected children. Children in this cohort with replete iron stores (based on our ID 

definition) had median ferritin levels above 30g/L, in keeping with the WHO guidelines. 

Although iron levels may be subject to diurnal variation,22 samples were collected during a 

relatively narrow time period (late morning to early afternoon) and iron levels were not 

interpreted in isolation, rather combined with other iron parameters. 

 

Hepcidin is produced by hepatocytes and is rapidly cleared from the circulation.23 Urinary 

hepcidin levels correlate well with hepatic hepcidin mRNA.24 Three hepcidin isoforms 

(hepcidin-20, -22 and -25) are excreted in urine with hepcidin-25 and -20 also found in 

serum.13,23,25 Only hepcidin-25 has a dominant role in iron regulation and is measured in 

mass spectrometry analyses.13,25 A strength of this study was the use of an internal 



 132

standard, which allowed quantitative assessment of urinary hepcidin levels, in contrast to 

previous reported assays. Urine testing was chosen in preference to serum assays as (i) it 

is less affected by diurnal variation,13 and (ii) the non-invasive nature of sampling (which 

was important given the high level of past trauma in refugee children). 

 

The role of hepcidin in iron metabolism and hepcidin regulation is increasingly being 

defined.5,6,26-28 However, the majority of data are from in vitro or murine models, and in vivo 

human studies are largely of adult patients with hemaochromatosis,29,30  

hemoglobinopathies,31,32 chronic renal failure33 or infectious/inflammatory disease,29,34-36  

where data cannot be extrapolated to children and/or IDA. ACD in childhood is usually 

related to chronic infection (e.g. chronic osteomyelitis, tuberculosis), or chronic 

inflammatory conditions including systemic juvenile arthritis, systemic lupus 

erythematosus, inflammatory bowel disease or chronic renal disease.37 As occurs in 

adults, the low serum iron levels seen in children with ACD are accompanied by iron 

accumulation in tissue macrophages and is thought to be driven by pro-inflammatory 

cytokines (IL-1 and IL-6) which up-regulate hepcidin production.37  

 

Hepcidin expression is related to iron burden in thalassemia syndromes (which is common 

amongst children of African descent) but is inversely related to erythropoiesis (as 

measured by reticulocyte counts) in subjects with sickle cell anemia.31 We demonstrated 

that hepcidin levels were significantly lower in African children with IDA and correlated with 

ferritin levels, but are unaffected by those with hemoglobinopathy traits. 

 

Inter-relationship between hepcidin, IDA and H. pylori infection 

Hepcidin expression is induced by iron stores, erythropoiesis and inflammation 

(particularly IL-6).6,24,28 It is also down-regulated by hypoxia and anemia, possibly indirectly 

via erythropoiesis.38 Mediators such as hemojuvelin and bone morphogenetic proteins are 

central to hepcidin signaling pathways.39,40 In humans, functional mutations of 

transmembrane serine protease 6 gene (TMPRSS6), an inhibitor of hepcidin expression, 

result in inappropriately high hepcidin production and severe and iron-refractory IDA.41  

 

IDA is an extra-gastrointestinal manifestation of H. pylori infection,42 but data on H. pylori-

induced IDA are inconsistent.43-46 Potential mechanisms of IDA in H. pylori infection 

include sequestration of iron by the bacteria by various binding proteins and transporters 

(including lactoferrin47 and FeoB48), increased gastrointestinal blood loss and/or reduced 

iron absorption secondary to chronic gastritis.43 Our findings suggest that such a 
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phenomenon is uncommon in African children who have a high prevalence of both IDA 

and H. pylori infection, but show no relationship between the two diagnoses. We found that 

anemia was not increased in those with H. pylori infection, which also showed no 

relationship with hepcidin, and thus our data do not support the proposal that hepcidin is 

the primary mechanism of H. pylori-induced anemia.8   

 

The chronicity of H. pylori infection may be important, in particular the onset of gastritis 

and/or development of complications such as peptic ulceration, which cannot be identified 

by MFAT.44,49 However it was considered unethical and impractical to perform routine 

endoscopy on asymptomatic children and we cannot comment further on the relationship 

between the severity of gastritis and IDA.46,50 Moreover, H. pylori infection in children, in 

contrast to adults, results in a pre-dominantly regulatory T-cell response in the gastric 

mucosa, with local production of the counter-inflammatory cytokines transforming growth 

factor and IL-10.51 The lack of association between hepcidin and levels of circulating 

cytokines, measured by a high-sensitivity assay, suggest that H. pylori-induced 

inflammation does not influence iron status through increased hepcidin production in 

childhood. It remains unclear whether a minority of H. pylori-infected children develop 

more marked gastric inflammation, leading to increased pro-inflammatory cytokines, 

increased hepcidin production and subsequent refractory IDA and/or ACD. However, it is 

unlikely that this is a widespread mechanism of H. pylori-induced anemia in children, as 

previously proposed.8  

 

Hepcidin and other markers of infection 

The relationship between infection, inflammation and hepcidin (which has in vitro 

antimicrobial activity)23 is largely unexplored in humans. In response to inflammation, 

hepcidin down-regulates duodenal enterocyte iron absorption and macrophage iron 

release by binding to ferroportin and inducing its internalization and degradation,52 thus 

decreasing extracellular bacterial access to iron. It is postulated that bacterial 

lipopolysaccharide (LPS) stimulates IL-6 production and thus up-regulates hepcidin 

release leading to hypoferremia,7,52 as reported in human endotoxemia models.36 We did 

not find any association between serum cytokines and hepcidin levels,7,34 although our 

data are cross-sectional and cytokines have relatively short half-lives in the circulation, 

both of which are limitations of this study. In comparison, a report of two cases with 

Castleman’s disease (characterized by chronic IL-6 overproduction) showed reduction in 

hepcidin secretion following treatment with anti-IL-6 receptor antibodies, suggesting that 
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chronic stimulation and/or inflammation may drive inappropriate hepcidin responses and 

thus ACD.53,54  

 

Malaria infection occurred in a minority, but these children had higher median hepcidin 

levels than those children with helminth or H. pylori infection. This may reflect a more 

marked and acute inflammatory response in malaria than what is elicited by more chronic 

infections. Our malaria cohort was small thus limiting conclusions, however we 

demonstrated a non-significant trend for elevated hepcidin levels to fall following malaria 

treatment. A recent larger study of hepcidin and malaria is in agreement with our 

findings.55 Hepcidin may be up-regulated to prevent parasite access to iron, possibly via 

the induction of hypoferremia.52 In a small study of Ghanan children with acute falciparum 

malaria, log-hepcidin levels were associated with log-parasitemia but not with hemoglobin 

or anemia.56  

 

Schistosomiasis, strongyloides, and giardiasis were the main enteric infections identified, 

but none influenced either IDA or hepcidin levels. Ancyclostoma duodenale (hookworm) 

infection has been shown to increase the risk of IDA, by increasing gastrointestinal blood 

loss.57 Historically hookworm infection is prevalent in resettled refugees,9 however A. 

duodenale was not detected in this cohort probably because of empiric anti-helminthic 

therapy. It seems unlikely that hookworm will influence hepcidin production, but the effects 

of anti-helminthic treatment on hepcidin may warrant further investigation. 

 

We found no associations between hepcidin secretion and either circulating cytokine levels 

or co-morbid gastro-intestinal infections. This may be related to both the chronicity and 

lack of sustained inflammatory response to these infections as opposed to systemic 

infections such as falciparum malaria. The low levels of ferritin in H. pylori infected 

children, relative to those in children with malaria, also suggests that chronic infection with 

H. pylori does not result in significant or sustained systemic inflammation. The lack of 

symptoms in children with H. pylori and helminth infections in this cohort may also reflect 

less microbial load, less severe infections and hence less gastrointestinal and systemic 

inflammation, with consequently no relationship observed between these infections and 

cytokine and/or urinary hepcidin levels. In addition, the hepcidin effects on its ferroportin-

“receptor” are suggested to be cell- and time specific.58 Moreover, changes in hepcidin 

levels during inflammation and infections are accompanied by cytokines that may also 

directly influence erythropoiesis and intestinal iron uptake.59  
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CONCLUSION 

This is the largest in vivo study to date to explore the interaction between inflammation, 

erythropoiesis, anemia and hepcidin production. African refugee children resettled in 

Australia have a high prevalence of ID and IDA and a high burden of infection. Children 

with IDA had strongly down-regulated hepcidin expression but this was not influenced by 

co-morbid gastrointestinal infections and did not correlate with increased inflammatory 

cytokines. Urinary hepcidin was influenced positively by ferritin and most other 

hematologic parameters but negatively correlated with transferrin levels.  

 

These findings require confirmation in studies in other populations. Although infections in 

animal models and adult humans may be useful in understanding the relationship between 

inflammation and hepcidin, the data are not readily extrapolated to natural infection in 

children. The burden of infection falls largely on children in developing countries who often 

have multiple co-morbidities that potentially modify hepcidin and iron. Longitudinal studies 

of IDA treatment and hepcidin and cytokine responses, together with investigation of 

putative intermediate mediators and consideration of co-morbid infections, are required to 

further understand further the role of hepcidin in iron regulation in children.  
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TABLE 1: Characteristics of study population (n=181 African refugee children) 

VARIABLE  Estimate* 

Age (years)  8.0  4.3 

Gender (male) (%) 93/181 (51.4) 

Breastfeeding (%) 16/181 (8.8) 

Attained menarche (%)  10/88 (11.4) 

Hemoglobin (g/L)  118.2  14.7 

Mean cell volume(fL) (IQR) 80.0 (74.0-83.5) 

Iron (mol/L)  11.8  5.2 

Ferritin (g/L) (IQR) 32.0 (18.0-47.0) 

Transferrin (mol/L)* (IQR) 36.0 (33.5-40.0) 

Transferrin saturation (%)  16.6  7.9 

Urinary hepcidin** (nmol/mMol Cr) (IQR) 2.2 (0.8-6.2) 

IL-1 Level† (pg/mL) (IQR) 4.5 (2.8-5.4) 

IL-6 Level‡ (pg/mL) (IQR) 14.7 (11.0-26.2) 

TNF Level§ (pg/mL) (IQR) 9.7 (7.5-11.8) 

IFN Level‡ (pg/mL) (IQR) 22.8 (9.1-36.0) 

Anemia (%) 56/181 (30.9) 

Iron deficiency (%) 35/181 (19.3) 

Iron deficiency anemia (%) 24/181 (13.3) 

 

SD: standard deviation; IQR: interquartile range; %: percentage; *values represent mean  

SD, median and IQR or proportion; **n=147; †n=138; ‡n=139; §n=130 
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TABLE 2: Comparison of hematological parameters by presence versus absence of (i) iron deficiency* and (ii) iron deficiency 

anemia 

 

 
 
VARIABLE 

 
IRON DEFICIENCY 

 
IRON DEFICIENCY ANEMIA 

ID  
(n=35) 

NON-ID  
(n=146) 

p-
VALUE 

IDA  
(n=25) 

NON-IDA 
(n=156) 

p-
VALUE 

Hemoglobin (g/L) ± SD 106.4 ± 18.8 121.1 ± 120.2 <0.001 97.9 ±  12.8 121.5 ± 12.2 <0.001 

Mean cell volume (fL) 
(IQR) 

73.0 (62.0-
79.0) 

80.0 (76.0-84.0) <0.001 69.0 (60.5-74.0) 80.0 (76.0-84.0) <0.001 

Iron (moL/L) ± SD 5.7 ± 2.4 13.3 ± 4.5 <0.001 5.2 ± 2.0 12.9 ± 4.7 <0.001 

Ferritin (g/L) (IQR) 13.0 (7.0-22.0) 35.0 (22.7-51.2) <0.001 9.0 (5.0-16.5) 35.0 (22.0-49.5) <0.001 

Transferrin (moL/L) 
(IQR) 

41.0 (37.0-
48.0) 

36.0 (33.0-39.0) <0.001 47.0 (39.5-49.5) 36.0 (33.0-39.0) <0.001 

Transferrin saturation (%) 
± SD 

7.0 ± 3.6 18.8 ± 6.8 <0.001 6.1 ± 3.1 18.2 ± 7.1 <0.001 

Hepcidin (nmol/mMoL Cr) 
(IQR) 

0.3 (0.07-4.0) 2.9 (0.9-6.4) 0.004 0.1 (0.05-0.6) 3.0 (0.9-6.7) <0.001 

 

 

* ID: iron deficiency defined as the presence of ≥ 2 abnormal/low iron parameters (age and gender adjusted); IDA: iron deficiency anemia 

defined as the presence of anemia and iron deficiency; SD: standard deviation; IQR: interquartile range; %: percent. Parameter estimates 

represent mean ± SD or median and IQR. 
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TABLE 3: Odds ratios for clinical and hematological predictors of (i) iron deficiency* and (ii) iron deficiency anemia 

 
 
VARIABLE 

 
IRON DEFICIENCY 

 
IRON DEFICIENCY ANEMIA 

Number 
(ID present; %) 

Odds ratio 95% CI 
p-

value 
Number 

(IDA present; %) 
Odds 
ratio 

95% CI 
p-

value 

Age (years) 181 (35; 19.3) 0.926 0.849-1.011 0.085 181 (25; 13.8) 0.896 0.809-0.993 0.036 
Gender 
     Female 
     Male 

 
88 (11; 12.5) 
93 (24; 25.8) 

 
reference 

2.435 

 
 

1.112-5.333 

 
 

0.026 

 
88 (9; 10.2) 

93 (16; 17.2) 

 
reference 

1.824 

 
 

0.760-4.375 

 
 

0.178 
Log-hepcidin 147 (23; 15.6) 0.640 0.484-0.846 0.002 147 (15; 10.2) 0.373 0.242-0.573 <0.001 

IL-6 level (pg/mL)† 139 (23; 16.5) 1.022 0.997-1.048 0.082 139 (15; 10.8) 1.003 0.972-1.034 0.863 

IL-1 level (pg/mL) † 138 (22; 15.9) 1.048 0.863-1.271 0.637 138 (14; 10.1) 1.084 0.869-1.353 0.475 

TNF level (pg/mL) † 130 (23; 17.7) 1.009 0.923-1.103 0.847 130 (15; 11.5) 1.058 0.969-1.154 0.208 

IFN level (pg/mL) † 139 (23; 16.5) 1.020 0.998-1.043 0.075 139 (15; 10.8) 1.022 0.997-1.047 0.087 
Hemoglobinopathy 
present† 
     No 
     Yes 

 
127 (26; 20.5) 

54 (9; 16.7) 

 
reference 

0.699 

 
 

0.293-1.664 

 
 

0.418 

 
127 (18; 14.2) 

54 (7; 13.0) 

 
reference 

0.896 

 
 

0.332-2.310 

 
 

0.789 

H. pylori infection† 
     No 
     Yes 

 
33 (7; 21.2) 

148 (28; 18.9) 

 
reference 

0.992 

 
 

0.367-2.683 

 
 

0.987 

 
33 (6; 18.2) 

148 (19; 12.8) 

 
reference 

0.830 

 
 

0.285-2.417 

 
 

0.732 
Helminth infection† 
     No 
     Yes 

 
105 (21;20.0) 
76 (14;18.4) 

 
reference 

1.195 

 
 

0.500-2.855 

 
 

0.688 

 
105 (15; 14.3) 
76 (10; 13.2) 

 
reference 

1.464 

 
 

0.537-3.989 

 
 

0.457 
Malaria infection† 
     No 
     Yes 

 
165 (32; 19.4) 

16 (3; 18.8) 

 
reference 

1.026 

 
 

0.265-3.976 

 
 

0.970 

 
165 (22; 13.3) 

16 (3; 18.8) 

 
reference 

1.711 

 
 

0.431-6.795 

 
 

0.445 
Predeparture 
albdendazole† 
     No 
     Yes 

 
38 (11; 28.9) 
143 (24; 16.8) 

 
reference 

0.527 

 
 

0.221-1.258 

 
 

0.149 

 
38 (7; 18.4) 

143 (18; 12.6) 

 
reference 

0.281 

 
 

0.280-2.061 

 
 

0.588 

*ID: iron deficiency defined as  2 abnormal iron parameters; %: percent; 95% CI: 95 percent confidence interval; †age- and gender-

adjusted variable.
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TABLE 4: Adjusted linear regression* analyses for log-hepcidin levels 
 
 Beta 95% CI SE p-value 

Age (years) -0.039 -0.109, 0.030 0.350 0.266 

Gender (male=1) 0.454 -0.071, 0.979 0.266 0.090 

Hematologic parameters     

Hemoglobin (g/L) 0.042 0.022, 0.063 0.010 <0.001 

Mean cell volume (fL) 0.110 0.070, 0.150 0.027 <0.001 

Iron (Mol/L) 0.064 0.011, 0.117 0.027 0.018 

Log-ferritin 1.295 1.022, 1.569 0.138 <0.001 

Transferrin (Mol/L) -0.117 -0.151, -0.082 0.018 <0.001 

Transferrin saturation (%) 0.063 0.030, 0.096 0.017 <0.001 

IL-6 level (pg/mL) -0.005 -0.024, 0.014 0.010 0.587 

IL-1 level (pg/mL) 0.019 -0.103, 0.142 0.062 0.754 

TNF level (pg/mL) -0.009 -0.068, 0.051 0.030 0.770 

IFN level (pg/mL) -0.005 -0.020, 0.010 0.007 0.510 

Dichotomous clinical parameters (presence=1; absence=0)  

Anemia  
 

-1.282 -1.838, -0.725 0.282 <0.001 

Iron deficiency  
 

-1.361 -2.054, -0.667 0.351 <0.001 

Iron deficiency anemia  -2.555 -3.323, -1.787 0.388 <0.001 

Hemoglobinopathy present  -0.165 -0.753, 0.423 0.297 0.579 

H. pylori infection†  
      

-0.214 -0.970, 0.542 0.382 0.576 

H. pylori seropostivity  0.082 -0.508, 0.673 0.298 0.783 

Helminth infection  
 

0.072 -0.500, 0.644 0.289 0.803 

Malaria infection  
      

0.497 -0.368, 1.363 0.438 0.258 

Predeparture albendazole 0.281 -0.376, 0.939 0.333 0.399 

 

*age and gender adjusted; †H. pylori infection diagnosed using monoclonal fecal antigen 

methods; Beta: Beta co-efficient; IDA: iron deficiency anemia; 95% CI: 95percent 

confidence interval; SE: standard error; %: percentage.  
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TABLE 5: Comparison of hematological parameters and serum cytokine levels by presence versus absence of (i) H.  pylori 

infection* and (ii) helminth infection 

 
 
VARIABLE 

 
H. pylori infection 

 
Helminth infection 

Positive†  Negative‡ p-
value 

Positive§  NegativeØ p-
value 

Hemoglobin (g/L) ± SD 119.6 ± 14.9 112.2 ± 12.3 0.010 120.9 ± 14.2 116.3 ± 14.9 0.036 

Mean cell volume (fL) 
(IQR) 

80.0 (76.0-84.0) 75.0 (70.5-80.0) 0.001 80.0 (76.0-84.0) 79.0 (73.0-83.0) 0.065 

Iron (moL/L) ± SD 11.9 ± 5.3 11.6 ± 4.7 0.814 12.4 ± 5.2 11.4 ± 5.1 0.244 

Ferritin (g/L) (IQR) 32.0 (18.0-48.0) 32.0 (17.0-43.0) 0.525 37.5 (22.0-51.7) 28.0 (15.0-41.0) 0.002 

Transferrin (moL/L) 
(IQR) 

36.0 (33.0-41.0) 37.0 (35.0-39.5) 0.503 36.0 (33.0-40.0) 37.0 (34.0-40.5) 0.294 

Transferrin saturation (%) 
± SD 

16.7 ± 8.1 15.9 ± 6.8 0.586 17.4 ± 7.7 16.0 ± 8.0 0.241 

Hepcidin (nmol/mMoL Cr) 
(IQR) 

2.2 (0.8-6.2) 3.8 (0.8-5.8) 0.598 2.4 (0.8-5.4) 2.2 (0.8-7.2) 0.669 

Eosinophil level (x109/L) 
(IQR) 

0.2 (0.1-0.4) 0.1 (0.05-0.3) 0.085 0.3 (0.1-0.7) 0.1 (0.07-0.2) <0.001 

IgE (kU/L) (IQR) 
160.0 (53.5-

467.0) 
135.5 (29.0-

433.2) 
0.300 583.5 (312.7-1282.5) 60.0 (27.0-134.0) <0.001 

IL-6 level (pg/mL) (IQR) 14.5 (10.8-24.3) 16.1 (11.4-40.2) 0.262 15.8 (11.3-22.0) 14.5 (10.8-36.4) 0.771 

IL-1 level (pg/mL) (IQR) 4.5 (2.9-5.3) 4.8 (2.3-6.5) 0.507 4.8 (3.0-5.6) 4.3 (2.4-5.4) 0.377 

TNF level (pg/mL) (IQR) 9.5 (7.6-11.7) 11.7 (6.9-13.5) 0.163 10.5 (7.6-12.9) 9.0 (7.2-11.7) 0.183 

IFN level (pg/mL) (IQR) 24.8 (8.3-36.4) 17.5 (11.6-33.9) 0.636 23.7 (10.9-40.7) 21.5 (7.2-34.8) 0.299 

 

* H. pylori infection diagnosed using monoclonal fecal antigen methods; †n=148 (hemoglobin, MCV, eosinophil, iron, ferritin, transferrin, 

transferrin saturation), 145 (IgE), 125 (hepcidin), 117 (IL-6, IFN), 116 (IL-1), and 110 (TNF); ‡n=33 (hemoglobin, MCV, iron, ferritin, 

transferrin, transferrin saturation, eosinophil), 32 (IgE), 22 (hepcidin), 22 (IL-6, IL-1, IFN) and 20 (TNF); §n=76 (hemoglobin, MCV, iron, 
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ferritin, transferrin, transferrin saturation, eosinophil, IgE), 69 (hepcidin), 58 (IL-6, IFN), 57 (IL-1, TNF); Øn=105 (hemoglobin, MCV, 

eosinophil, iron, ferritin, transferrin, transferrin saturation), 78 (hepcidin), 102 (IgE), 81 (IL-6, IL-1, IFN) and 73 (TNF); SD: standard 

deviation; IQR: interquartile range; %: percent. Parameter estimates represent mean ± SD or median and IQR. 
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CHAPTER 7: EXTRA-GASTROINTESTINAL MANIFESTATIONS:  
GROWTH  
 

7.1 INTRODUCTION 

There is ongoing contention over whether H. pylori infection is causally related to growth 

restriction and/or growth failure in children. A study from The Gambia, which is frequently 

cited, demonstrated growth faltering associated with H. pylori infection in infancy,422 but 

this deficit was not sustained in the longer-term. There are few longitudinal studies 

investigating growth in children with H. pylori infection, and many have been performed in 

regions of socio-economic disadvantage, with the latter being a potential confounder with 

respect to nutrition and optimal growth. This chapter will outline the current literature and 

discuss the problems related to growth measurements in children with respect to H. pylori 

infection. The chapter concludes with the published study manuscript (Appendix 11) 

which explores the relationship between H. pylori infection, growth and co-morbid 

infections in refugee children.423 

 

7.2 REVIEW OF LITERATURE  

7.2.1 GROWTH MEASUREMENTS 

Height velocity, as defined by the change in height per unit of time, remains the optimal 

way to measure longitudinal growth in children.30 Not only can small changes in growth be 

detected, but serial measurements can identify trends and/or monitor potential catch-up 

growth. This may be particularly useful for young children (less than 3years) who 

experience rapid changes in growth and are thus potentially more susceptible to the 

effects of external factors on growth at critical periods.  

 

A reduction in height (or ‘stunting’) is thought to be more indicative of longer-term growth 

restriction in early childhood than ‘wasting’ (i.e. loss of muscle and/or subcutaneous fat) 

which may be either acute or chronic.30 The process of recovery from stunting is usually 

longer than weight restoration in children who are thought to be ‘wasted’, hence the 

importance of measuring growth velocity in addition to improvements in absolute 

anthropometric measures.30 Although chronic infection (particularly enteric infection) has 

been shown to reduce linear growth in children,424 there are few studies which have 

specifically looked at longitudinal growth and the relationship with H. pylori infection.422,425-

430  

 



 

 

 

149

7.2.2 H. PYLORI INFECTION AND GROWTH 

The majority of studies assessing growth and H. pylori infection utilise a cross-sectional 

approach, allowing only determination of associations and not of causal relationships. 

Furthermore, there is marked variability in the way growth restriction has been defined by 

investigators in H. pylori infected and non-infected children. Measures used include:  (i) 

proportional differences in absolute anthropometric measurements/indicators or 

standardised scores (Z-scores),35,107,168,429,431-436 (ii) categorical differences using cut-offs 

less than 10th-25th centile for anthropometric measures/indicators437-439 or cut-offs less than 

3rd-5th centile (approximating -2 standard deviations for standardised anthropometric 

indicators)151,440-444 and (iii) other variations.445 

 

At present, there remains no consensus as to the effect of H. pylori on growth and there is 

no relevant meta-analysis, presumably because the studies are so varied in their approach 

to both growth parameters and the diagnosis of H. pylori infection. The available data are 

heterogeneous; UBT or serological means are predominantly used to diagnose H. pylori 

infection, the latter failing to differentiate active from previous infection as previously 

discussed. Whilst there are data to suggest that H. pylori infection may contribute to 

growth restriction35,151,425,429-431,434,436,437,442,443,446,447 (particularly in younger 

children231,422,426,428 or in the peri-pubertal period377,448), there are also numerous studies 

that show no association.107,133,135,189,279,427,432,435,440,441,444,445,447-450 

 

Bravo et al demonstrated significantly lower growth velocity (0.5cm/yr) in H. pylori positive 

and socio-economically comparable pre-school children compared to non-infected 

controls.425 A difference persisted over the follow-up period (an average of 19.5 

months).425 Mera et al demonstrated a significant decrease in growth velocity in 1-5 year 

old Colombian children with newly acquired H. pylori infection (median follow-up 16.5 

months).180 However by 8 months of follow-up, this difference in growth velocity was no 

longer significant.180 In contrast, weight was only transiently affected in the 2 months 

immediately following a new infection.  

 

Questions arise as to whether (1) these alterations in growth velocity were clinically 

significant and (2) the effect persists into older childhood/adolescence or was any catch up 

growth sustained? Given the short duration of follow-up of these studies, neither question 

can be answered properly with the currently available data. It is possible that younger 

children are more susceptible to effects of H. pylori infection on growth compared to older 

children but the current evidence is limited.  Additionally, there is debate over whether H. 
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pylori eradication alone reverses any potential growth deficit, or if catch-up growth occurs 

irrespectively. Well structured, adequately powered longitudinal studies in high prevalence 

populations are needed to address these issues comprehensively, particularly with respect 

to addressing potential confounding factors such as nutrition, SES and co-morbid 

infections. 

 

7.2.3 MECHANISM OF GROWTH FAILURE 

7.2.3.1 Overview  

The pathogenesis of potential H. pylori-induced growth restriction is poorly understood. 

Various mechanisms have been postulated, but none have been proven convincingly.451 

These include H. pylori-induced hypochloridia secondary to acute infection and/or atrophic 

gastritis (+/- subsequent increased risk of enteric infections or iron 

deficiency),9,34,124,231,428,451-453 cytokine release with subsequent chronic inflammation,424 

neuro-endocrine hormonal alterations,430,450,454,455 chronic infection +/- long-standing 

dyspepsia leading to poor intake and/or malnutrition435,437,445,447 and variation in H. pylori 

virulence factors.443,451  

 

7.2.3.2 Neuro-endocrine regulation 

There has been considerable interest in the possible actions of H. pylori infection on 

gastric mucosal cells and alterations in neuro-endocrine hormone production, in particular 

the balance between leptin and ghrelin, which have opposing effects on growth in 

humans.454-456 Ghrelin is thought to play an integral role in growth and metabolism.457,458 It 

is a 28 amino acid peptide secreted primarily from oxyntic cells within the stomach in a 

pulsatile manner in response to fasting states.458 It binds to growth hormone secretagogue 

receptors 1a and 1b (GHS-R1a/b) and is a potent stimulus of growth hormone release, 

stimulating appetite and decreasing fat utilisation.459 Release correlates with insulin-like 

growth factor-1 (IGF-1) levels and inversely with body mass index (BMI), feeding and 

leptin release.456,459 It is thought that ghrelin is a better indicator of nutritional state than 

other hormones such as leptin (which is produced by adipocytes and has a role in 

satiety/appetite suppression).460 Ghrelin appears to be a more sensitive marker in 

conditions associated with malnutrition whereas leptin is thought to be more involved in 

obesity pathways.460,461  

 

In H. pylori-infected patients, especially those with atrophic gastritis, it is postulated that 

ghrelin levels are reduced and/or leptin levels are up-regulated, leading to an increased 

sensation of satiety and anorexia.454,462,463 Investigators have measured both gastric and 
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circulating levels of such hormones, but the evidence remains inconclusive in both adults 

and children.430,450,454,455,461-468 Similarly, there are inconsistent results with respect to 

improvements or reversal of ghrelin and/or leptin levels following treatment of H. pylori 

infection.455,461,463,469 A more recent study has demonstrated significant improvements in 

BMI in pre-pubertal children who had H. pylori infection successfully eradicated, however 

circulating ghrelin levels rose and leptin levels actually fell post-treatment, conflicting with 

earlier studies430 and contrary to the current understanding of the roles of these mediators. 

 

7.2.4 POTENTIAL CONFOUNDERS  

7.2.4.1 Iron deficiency anaemia 

Iron deficiency anaemia (IDA) is an associated risk factor with an inhibitory effect on 

childhood growth and is of particular concern in developing countries. Choe et al explored 

the interaction between H. pylori infection and IDA in peri-pubertal children.377 The study 

demonstrated that there was a significant reduction in height only in the context of IDA, 

whereas non-IDA children with H. pylori infection did not have any adverse growth 

outcomes.377  This study had several limitations; (i) it used cross-sectional data, (ii) there 

was a small sample size for H. pylori positive children with IDA, (iii) the cut-off for growth 

restriction was broad (<25th centile) and (iv) H. pylori diagnosis was based on serology. 

The authors postulated that H. pylori infection further decreased available iron stores that 

are required for pubertal growth spurt in children already compromised by IDA, thereby 

accounting for reduced growth in these children. The authors subsequently demonstrated 

that H. pylori infection contributes to gastric mucosal lactoferrin sequestration in 

adolescents, potentially increasing susceptibility to IDA, supporting their preliminary 

hypothesis.403 Other studies have also explored the inter-relation between IDA, H. pylori 

infection and growth in later childhood with mixed and contradictory 

results.35,168,371,427,431,436,447,451  

 

7.2.4.2 Socioeconomic status 

The impact of SES on a child’s nutritional status and/or susceptibility to infections may be 

an important confounder with respect to growth restriction.147,470 Hence any potential effect 

on growth by H. pylori infection may be confounded by low SES, the latter itself being a 

risk factor for malnutrition and deprivation.151,180,435-437,440,444,448,471 Stunting, wasting and 

obesity have been demonstrated to be inversely proportional to SES.30,470,472 Thus, treating 

infections such as H. pylori alone without alterations in SES and/or nutrition (including 

IDA),449 may hide H. pylori-specific effects and not improve linear growth nor may it 

change a child’s long-term health outlook.470 
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7.3 GROWTH MANUSCRIPT 

The review of the literature revealed that there is still conflicting evidence as to whether H. 

pylori infection induces growth restriction and/or failure in children as discussed in the 

previous review. Given the cross-sectional nature of this study, longitudinal assessment of 

growth velocity in refugee children infected with H. pylori was not feasible. Whilst this is a 

limitation of the study, the identification of growth failure in a complex and medically 

vulnerable paediatric population had not been previously undertaken. A strength of this 

study was the consideration of growth parameters in refugee children with respect to 

assessment of co-morbid infection and/or nutritional deprivation which may adversely 

impact on growth regardless of H. pylori infection as discussed in the following manuscript. 

It should be noted that standardised values (Z-scores) for anthropometric indices (Reults: 

Anthropometric analyses, p155) would have been more relevant than the non-adjusted 

values found in the published manyscript. 

 
Cherian S, Forbes D, Sanfilippo F, Cook A, Burgner D. Association between 

Helicobacter pylori and helminth infections and growth: a cross-sectional study in a 

high prevalence population. Acta Paediatr 2009; 98 (5): 860-4. 

 

ABSTRACT  

Aim: Helicobacter pylori (H. pylori) infection is usually acquired in childhood and may 

adversely affect growth, although data are inconsistent. This study investigated growth 

parameters in a paediatric cohort with a high prevalence of H. pylori and helminth 

infection.   

Methods: A cross-sectional study of African refugee children (<16 years) recruited at their 

initial health assessment following resettlement in Australia. Detailed demographic, 

infection and anthropometric data were obtained. H. pylori infection was diagnosed by 

monoclonal faecal antigen enzyme immunoassay testing (MFAT). Growth restriction was 

defined as children with any anthropometric measures below the fifth centile for age and 

gender.  

Results: H. pylori infection was detected in 149/182 (81.9%). Children with H. pylori 

infection were older (mean 8.5 years, standard deviation (SD) 4.2 years versus 5.8 years, 

SD 4.5 years, p<0.001). No gender differences were observed. After adjustment for age, 

H. pylori did not adversely affect body mass index or other anthropometric measurements. 

Helminth infections were common (41.8%) but not associated with reduced growth or with 

H. pylori infection.  
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Conclusion: H. pylori and helminth infections are prevalent in African refugee children but 

neither is associated with growth restriction. Longitudinal growth velocity studies are 

necessary to identify any long-term consequences of H. pylori on childhood growth. 

 

INTRODUCTION  

Helicobacter pylori (H. pylori) infection is generally acquired at a young age,1 although the 

significance of infection in childhood is controversial. Extra-gastrointestinal associations, 

particularly refractory iron deficiency anaemia, are recognised2,3 and there have been 

suggestions that H. pylori infection may affect growth, although data are inconsistent.4-8  

 

Australia resettles approximately 13000 humanitarian refugees annually, of whom 10% are 

resettled in Western Australia (WA) and approximately half are children.9 The majority of 

resettled refugees are from countries with a high prevalence of H. pylori, including those of 

sub-Saharan Africa.9 Poor nutrition is common in refugee children and growth may be 

further compromised by the presence of H. pylori and/or helminth infections. We 

conducted a cross-sectional study to assess the association between H. pylori and 

helminth infection and growth in refugee children shortly after resettlement. 

 

PATIENTS AND METHODS 

Study population and design 

A cross-sectional study was conducted at the Migrant Health Unit (MHU) (Perth, WA, 

Australia). The MHU is the sole screening unit for humanitarian refugees resettled in WA 

and approximately 80% of targeted refugees in WA receive an initial health assessment 

through the MHU.10 African children (<16 years) who presented for initial health 

assessment between February and November 2006 were eligible for inclusion in the study. 

Routine screening investigations were performed at the first clinic visit as part of standard 

clinical care11 and stools were collected at the second visit one week later. Children were 

excluded from the study if they had received antibiotics, bismuth or proton-pump inhibitors 

in the preceding month or if they had active tuberculosis. Ethical approval was obtained 

from the Women and Children’s Ethics Committee, Princess Margaret Hospital for 

Children, WA. Informed consent was obtained in the presence of trained interpreters, as 

appropriate.  

 

Demographic details 



 

 

 

154

Data on age, gender, ethnicity and recent medication details were obtained at the first visit. 

Pre-departure anti-helminthic treatment details were obtained from accompanying 

migration documentation.  

 

Helicobacter pylori diagnosis 

Fresh faecal samples were obtained from each child and frozen at -200C for batch 

analyses. Active H. pylori infection was diagnosed by a monoclonal faecal antigen enzyme 

immunoassay (MFAT) (Amplified IDEIA™ HpStAR™ kits (Dako, Denmark and Oxoid, 

Australia)) as previously described.12  

 

Anthropometric analyses 

Measurements of weight, height and mid-upper arm circumferences (MUAC) were 

performed for each child at the initial consultation by a single investigator. Data were 

analysed using Epi Info software (version 3.3.2, Centers for Disease Control and 

Prevention, Atlanta, USA). Growth parameters (body mass index (BMI), weight for height, 

height for age, weight for age, MUAC for age and MUAC for height) were determined and 

standardised values (Z-scores) calculated. Growth restriction was defined as 

anthropometric measurements below the fifth centile for age and gender, which 

approximated to Z-scores of less than 1.64 standard deviations below age- and gender-

corrected norms.  

 

Diagnosis of helminth infection 

Helminth infection was defined by the presence of one or more of the following results: (i) 

positive serology for schistosomiasis and/or strongyloidiasis, (ii) positive stool microscopy 

for ova cysts or parasites of known pathogenic helminths, (iii) peripheral eosinophilia (≥ 0.7 

x109/L) or (iv) raised immunoglobulin E (IgE) levels (> 280 kU/L). Pre-migration 

administration of albendazole was documented in 80% of children, with the remainder 

receiving empiric albendazole at the first health assessment visit. Routine faecal 

microscopy is undertaken only if there are positive serological results for schistosoma or 

strongyloides infection, persisting peripheral eosinophilia or clinical indications.  

 

Diagnosis of nutritional deficiencies 

Full blood count, iron studies and vitamin D levels were obtained for each child as part of 

routine screening. Iron deficiency anaemia (IDA) was defined as two or more abnormal 

iron parameters (iron, ferritin, transferrin and transferrin saturation) in the context of 
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anaemia (age- and gender-adjusted values). Vitamin D deficiency was defined as a 

vitamin D level <50nmol/L. 

 

Statistical analyses 

A sample size of 200 children was chosen to assess the prevalence of H. pylori in refugee 

children compared to that of local children (based on power of 0.8 and alpha 0.05). This 

sample size would detect a 15% difference in weight and/or BMI between H. pylori infected 

and non-infected children with 80% power. Data were analysed using SPSS version 14.0 

for Windows (2005 Chicago, Illinois, USA). In the initial analyses continuous variables 

were compared using the independent t-test or Mann-Whitney test as appropriate. 

Associations between categorical variables and H. pylori infection were initially analysed 

using the Pearson chi-squared or Fisher’s exact tests. Statistical significance was set at 

the 5% level and two-sided p-values were calculated. 

 

RESULTS 

Demographics 

Of the 201 children recruited, eight were excluded (5 received antibiotics prior to screening 

and 3 were non-African) and in eleven children MFAT for H. pylori was not performed.  Of 

the remaining total of 182 children, 89 (48.9%) were female. No child in the study 

population was HIV positive. The mean subject age was 8.0 years (standard deviation 

(SD) 4.3 years). The main ethnic groups were Sudanese (33.5%), Burundian (28.6%) and 

Liberian (12.6%).   

 

Helicobacter pylori infection  

In the 182 children in whom MFAT was performed, H. pylori infection was detected in 149 

(81.9%). MFAT gave clear discrimination between infected and uninfected populations 

with no equivocal results (12). Overall, children with H. pylori infection were older (mean 

8.5 years (SD 4.2) versus 5.8 years (SD 4.5), p <0.001) with no gender differences.  

 

Anthropometric analyses 

In the 182 children, median weight, mean height and BMI was 24.7kg (IQR 16.5-37.8), 

122.5cm (SD 29.4) and 17.3kg/m2 (SD 2.5), respectively. Comparison by age for children 

with and without growth restriction (defined by a Z-score for growth parameter(s) less than 

1.64 SD below the norm) was performed. No significant age differences were observed, 

with the exception of “height for age” analyses, where children with growth restriction were 

younger (6.5 years (SD 4.4) versus 8.5 years (SD 4.2), p=0.009).  
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Comparison of growth in children with and without H. pylori infection (by age strata) 

showed no differences apart from those aged 5-10 years, in whom those with H. pylori 

infection were heavier (Table 1). Overall, H. pylori infection was not associated with growth 

restriction and those with H. pylori infection were significantly less likely to have weight for 

age and MUAC for height Z-scores in the lowest centiles (Table 2). Relaxing the definition 

of growth restriction to include those with growth < 25th centile did not reveal any adverse 

relationship with H. pylori infection (data not shown).  

 

Helminth infection 

Seventy six children (41.8%) had evidence of helminth infection. After adjusting for age 

and gender, there was no significant association between H. pylori and helminth infection 

(odds ratio (OR) 0.99, 95% confidence interval (CI) 0.39-2.50). No difference in IgE or 

peripheral eosinophilia counts were demonstrated in children with or without H. pylori 

infection (data not shown). The presence of helminth infections did not adversely affect 

growth as measured by any standardised anthropometric variable (data not shown). 

 

Diagnosis of nutritional deficiencies 

Twenty five children (13.7%) had evidence of IDA on screening. Children with IDA were 

significantly younger than those with replete iron stores (mean age 6.3  SD 5.0years 

versus 8.3  SD 4.2years, p=0.033). Almost a third of children (54/182) had vitamin D 

deficiency with no differences in age demonstrated (mean age 8.5  SD 4.5years versus 

7.9  SD 4.2years, p=0.341). There was no difference in growth in children with or without 

IDA or vitamin D deficiency for any standardised anthropometric variable (data not shown). 

IDA was not associated with H. pylori or helminth infections in this cohort (data not shown).  

 

DISCUSSION 

The prevalence of H. pylori infection is high amongst resettled humanitarian refugee 

children. Our results support the premise that infection occurs early in life1,13 and that 

socioeconomic deprivation is a risk factor for acquisition.14 Importantly, though our data are 

cross-sectional, we did not demonstrate significant restriction of growth in refugee children 

with H. pylori infection. Instead, there appeared to be a protective effect against growth 

limitation, particularly in those aged 5-10 years, which we are unable to fully explain and 

may not be biologically relevant. Age stratification was performed as H. pylori infection 

increases with age,12 and children with H. pylori infection in this cohort were older. After 
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adjustment for age, refugee children with H. pylori infection were less likely to have growth 

restriction.  

 

In contrast to previous cross-sectional studies,15,16 we did not find significant differences in 

growth with a less rigorous definition of growth restriction (growth parameter(s) < 25th 

centile for age and gender). Although we were powered to detect differences in growth in 

the entire cohort, some sub-group analyses may be relatively underpowered to detect 

modest effects. Nevertheless, the overall trend was for children with H. pylori infection to 

be less likely to exhibit growth restriction.  

 

Data on H. pylori and childhood growth are conflicting.4-7,15-18 Growth faltering has been 

observed in Gambian infants with H. pylori infection, but this was not sustained into older 

childhood when catch-up growth occurred.4 A subsequent study demonstrated that infants 

of Gambian women whose breast milk contained anti-H. pylori-associated vacuolating 

cytotoxin A (VacA) immunoglobulin A antibodies were protected against early weight 

loss.19 VacA itself may predispose the infants to subsequent enteropathy which may then 

affect growth. In our study, H. pylori infection did not adversely influence growth in refugee 

children <5 years, who potentially are the most vulnerable to the effects of clinically 

significant infection on growth. H. pylori virulence factor heterogeneity was not assessed in 

this study but may also contribute to variable clinical manifestations.20-22  

 

Although we did not demonstrate an association between H. pylori infection and growth 

restriction, we did demonstrate that younger children were more likely to have lower height 

for age. This is thought to be a reflection of the increased vulnerability of the very young to 

factors interfering with growth, and their potential to catch up when these factors are no 

longer present.4  

 

Growth is a complex phenomenon with multiple determinants. Our study involved 

consecutively recruited and unselected refugee children. Other studies have focused on 

selected groups of children such as those with dyspeptic symptoms or those requiring 

endoscopy. It is possible that symptomatic children with more marked gastric inflammation 

may have a higher predisposition to reduced growth due to pain secondary to gastritis or 

other distal effects. In contrast the majority of our cohort was asymptomatic at the time of 

recruitment.  
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A recent study of dyspeptic Turkish children found no consistent association with H. pylori 

infection and growth restriction, but dyspepsia itself appeared to independently affect 

growth, possibly because of reduced dietary intake.8 Pre-settlement nutritional intake data 

are inherently unreliable and were not sought in our study. However refugee children are 

often malnourished23 and are socioeconomically deprived, both of which have adverse 

affects on growth.7 In the refugee population resettled in Australia, nutritional and vitamin 

deficiencies are common, and our data supports this premise.24 IDA was not associated 

with growth restriction or H. pylori infection in this cohort, which is in keeping with the 

conflicting literature.15,17,25  

 

The use of MFAT to diagnose H. pylori infection was chosen as it was not feasible or 

ethical to perform routine screening endoscopies on the study cohort. MFAT shows 

excellent correlation with both and urea breath test- and endoscopically-diagnosed H. 

pylori infection, the latter considered the “gold standard” for diagnosis.26 There is a strong 

positive correlation between indirect measures of the presence of H. pylori and 

histopathological change.27 We are therefore confident that children with H. pylori infection 

diagnosed by MFAT were infected, rather than colonised (where risks for nutritional 

deficits are lower). Clearly no conclusions can be drawn between the severity of H. pylori-

induced gastritis and growth using indirect non-invasive diagnostic methods.  

 

H. pylori-induced gastric atrophy may affect the secretion of hormones related to satiety 

and nutritional status, namely ghrelin, leptin and gastrin.28 A study of Polish children and 

adults demonstrated reduced levels of ghrelin and higher basal levels of leptin and gastrin 

in H. pylori infected subjects, which is postulated to contribute to dyspepsia and anorexia 

and thus poorer growth.28 We did not investigate hormonal effects of H. pylori infection in 

this study as the published data are inconsistent.28-32  

 

The prevalence of helminth infection in this cohort was higher than previously reported.10 

Despite widespread pre-departure anti-helminthic treatment, our data are likely to be more 

accurate due to inclusion of surrogate helminth markers. Serum IgE levels and peripheral 

eosinophilia were highly correlated with helminth infection, but were not associated with H. 

pylori infection. It has been suggested that H. pylori-induced hypochloridia predisposes 

children in developing countries to further enteric infections, which in turn may contribute 

to both micronutrient deficiencies and growth failure.33 Our data do not support this 

hypothesis. Helminth infection per se was also not associated with growth restriction in this 
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cohort. Similar results have been reported in a cross-sectional study of Amerindians, in 

which neither H. pylori or helminths significantly affected growth parameters.34  

 

Longitudinal assessments of growth were not undertaken in this study but may be of more 

clinical relevance particularly in refugee or disadvantaged children. Hence, we are only 

able to report associations rather than direct effects on growth velocity. Some studies 

report reduced growth velocity in H. pylori infected children,5,18 although this is not a 

consistent finding.17 Recent resettlement in a developed country also introduces a number 

of other factors (e.g. food availability, change in diet and psychological issues such as 

post-traumatic stress disorder) that may be important determinants of growth and nutrition 

in refugee children. These factors should be addressed in longitudinal studies that can 

also investigate whether H. pylori eradication affects growth.  

 

CONCLUSION 

The prevalence of both H. pylori and helminth infection in African refugee children is high 

but neither was associated with growth restriction in this cohort. Other issues such as 

heterogeneity in H. pylori virulence factors, psychological trauma, socio-economic 

determinants and nutritional deprivation may also influence growth of refugee children 

independently of H. pylori infection. As spontaneous eradication of H. pylori is rare, 

longitudinal studies should address all potential contributory factors to identify any 

significant effect of H. pylori infection on growth in childhood. 
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TABLE 1: Comparison of standardised anthropometric variables for children with and without H. pylori infection by age strata 

VARIABLE* (mean  
SD) 

<5 YEARS 5-10 YEARS >10 YEARS 

H. Pylori + 
(n=35) 

H. pylori – 
(n=16) 

p-
value 

H. Pylori + 
(n=56) 

H. pylori – 
(n=11) 

p-
value 

H. Pylori + 
(n=58) 

H. pylori – 
(n=6) 

p-
value 

BMI  0.5  1.5 0.7  1.1 NS 0.1  0.9 -0.9  1.6 0.002 -0.1  0.9 -0.06  0.7 NS 

Weight for Height  0.3  1.3 0.8  1.5 NS 0.4  0.9 -1.0  1.0 0.002 N/A N/A  

Height for Age  -0.9  1.3 -1.4  1.4 NS -0.4  1.3 -0.7  1.0 NS -0.3  1.4 -1.3  1.2 NS 

Weight for Age  -0.4  1.2 -0.4  1.2 NS -0.2  0.9 -1.0  0.9 0.005 -0.2  0.9 -0.8  0.9 NS 

MUAC for Height  -0.2  1.0 -0.3  1.2 NS -0.3  0.8 -1.4  1.3 0.001 -0.04  1.0 -0.2  0.4 NS 

MUAC for Age  -0.3  0.9 -0.5  1.1 NS N/A N/A  N/A N/A  

 

MUAC: mid-upper arm circumference; BMI: body mass index; N/A: not assessed; NS: non significant;*: Z-scores for each standardised 

variable. 
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TABLE 2:  Proportion of children with growth restriction* according to H. pylori 

infection status 

 

Standardised 
variable† 

Children with growth restriction; number 
(%) 

p-value 

H. pylori infection 
present 

H. pylori infection  
not present 

BMI  9/137 (6.6) 3/26 (11.5) NS 

Weight for height  3/62 (4.8) 4/22 (18.2) NS 

Height for age  32/149 (21.5) 11/33 (33.3) NS 

Weight for age  11/149 (7.4) 8/33 (24.2) 0.009 

MUAC for height  6/102 (5.9) 8/29 (27.6) 0.003 

MUAC for age   4/34 (11.8) 2/15 (13.3) NS 

 

BMI: body mass index; NS: non-significant; MUAC: mid-upper arm circumference; *Growth 

restriction defined as Z-score less than 1.64 standard deviations below norm (correlating 

to < 5th centile); †age and gender adjusted standardised variable (Epi Info program, 

version 3.3.2, Centers for Disease Control and Prevention, Atlanta, USA).  
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CHAPTER 8: CONCLUSIONS, IMPLICATIONS FOR PAEDIATRIC 

REFUGEES AND FUTURE DIRECTIONS 

 

8.1 INTRODUCTION 

This chapter will summarise the main findings with respect to each area of investigation 

and discuss the implications for paediatric refugees and other high-risk populations, 

together with suggestions for future studies. Although the thesis investigated H. pylori 

infection in African paediatric refugees, it is envisaged that the findings would be relevant 

to all paediatric humanitarian refugees, irrespective of ethnicity due to their similar 

demographic characteristics and general high prevalence of H. pylori infection in their 

respective countries of origin. Furthermore, the findings may be relevant to remote 

Australian indigenous children, given the high prevalence of co-existing H. pylori infection, 

larger family size, marked socio-economic deprivation and nutritional compromise, all of 

which are common to refugee children,87,202 (although there are other diverse variables 

that make indigenous child health more complex). 

  

8.2 EPIDEMIOLOGY 

8.2.1 CONCLUSIONS 

As expected, this thesis demonstrated an extremely high prevalence of active H. pylori 

infection in African refugee children (80%) which supported the primary hypothesis. The 

observed high prevalence in early childhood (less than 5 years of age) in this cohort was 

unexpected but was in keeping with the wider literature as discussed in Chapter 3.  

 

8.2.2 RISK FACTORS BEFORE RESETTLEMENT 

Refugees resettled in developed countries originate from H. pylori endemic areas, and 

thus “bring with them” a high prevalence of infection. This study examined the majority of 

risk factors discussed in Chapter 3.2 associated with transmission, with the major 

exception of water source and pre-settlement nutrition (due to concerns about unreliability 

of data). The findings of this study (as outlined in Chapter 3.351), are consistent with the 

above premise and are supported by the literature of both refugees and adopted children 

resettled in low H. pylori prevalence nations.100,101 The majority of transmission risk factors 

(age, ethnicity, SES, contamination of water supplies and rural environments) are directly 

applicable to refugee (and remote Indigenous) populations and probably override any 

protective effect from breastfeeding.  

 



 

 

 

167

8.2.3 RISK FACTORS AFTER RESETTLEMENT 

Even post-resettlement, risk factors such as large family size and familial infection status 

will continue to contribute to an increased infection risk compared to the local population, 

and needs to be considered when refugee patients present for clinical attention. Thus 

treatment of proven H. pylori infection in refugee children should prompt assessment of 

other family members, particularly mothers for suggestive clinical features and further 

investigations. Family-based refugee services would clearly facilitate this process and 

promote compliance with the complex triple therapy that is needed to treat H. pylori 

infection effectively. The high prevalence of infection in paediatric refugee populations will 

impact not only on diagnostic algorithms and treatment decisions but also on the need for 

an increased awareness of potential complications secondary to chronic H. pylori infection. 

 

8.3 DIAGNOSTICS 

8.3.1 CONCLUSIONS 

This thesis demonstrated the benefits of using monoclonal faecal antigen immunoassay 

testing (MFAT) in refugee children whereas diagnosis using monoclonal faecal 

immunochromatographic testing (ICT) was significantly more unreliable. In keeping with 

the hypotheses, H. pylori serology under-performed in the diagnosis of H. pylori, 

particularly in children under 6 years of age, and should not be recommended for 

screening purposes in populations with a high prevalence of H. pylori infection.  

  

8.3.2 OPTIMAL DIAGNOSTIC METHODS FOR REFUGEE CHILDREN 

As outlined, most refugees resettled in Australia and other developed nations come from 

areas of very high H. pylori prevalence. Hence, it is important to determine the optimal 

diagnostic methods for this population, particularly in children where infection is often sub-

clinical and acquired very early in life.  

 

“Test-and-treat” serological approaches in refugee families are not appropriate given the 

high background prevalence and low sensitivity of serology in children, which was 

demonstrated in this study. Furthermore, the reliance on serology may lead to an 

increased risk of missing malignancy or ulceration in adult refugees. Current Australian 

guidelines recommend endoscopy for refugee patients if there are any “red flag” symptoms 

(e.g. weight loss, haematemesis, nocturnal pain).20,21 Current Western Australian practice 

for screening refugee children for H. pylori infection is discussed in more detail in section 

8.7 (Policy implications).  
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8.3.3 DRUG INTERACTIONS AND DIAGNOSIS 

Drug interactions (particularly with respect to recent antimicrobial usage) are another 

consideration in this cohort, as false negative results may occur if diagnostic testing is 

performed within a month of specific drugs as discussed in Chapter 4. Anti-tuberculosis 

drugs (frequently prescribed for both latent and active tuberculosis in refugee children) 

have been reported to cause false negative UBT results,473 although there are no data for 

such drugs and MFAT, and further studies are warranted. This thesis has also 

demonstrated the potential interaction of anti-malarial therapy with H. pylori infection 

(Chapter 3.3).51 Refugee children who had received recent pre-departure anti-malarial 

treatment had significantly lower odds of H. pylori infection compared to non-treated 

children, a finding which has not been described previously in the literature.  

 

8.4 GASTROINTESTINAL SYMPTOMS AND CIRCULATING CYTOKINES 

8.4.1 CONCLUSIONS 

Contrary to the outlined hypotheses, a specific symptom or cytokine profile for children 

with active H. pylori infection was not elicited. This is in keeping with the literature that 

indicates the quiescent nature of H. pylori infection in childhood. Importantly, there was no 

association between H. pylori infection and abdominal pain, which is also consistent with 

current opinion.268 There was no particular circulating cytokine profile associated with H. 

pylori infection and a lack of T helper (Th) 1 dominance, which may be due to interaction 

with co-morbid infections, particularly helminths. Interestingly, different systemic cytokine 

responses in refugee children with malaria and helminth infections were distinguished, as 

opposed to H. pylori infection induced responses, reflecting the complex interplay between 

immunity and infection. One limitation of this study, was the absence of a healthy control 

group of children, which would have further explored the generalisability of the symptom 

profile questionnaire. 

 

8.4.2 MANAGEMENT OF ASYMPTOMATIC PAEDIATRIC INFECTION 

Although H. pylori infection is acquired in childhood, less than 1% of infected individuals 

will develop carcinoma in adulthood. It is possible that refugee children or those from high 

prevalence countries may be at higher risk of this, although this is not proven. This study 

has demonstrated the high prevalence of African children with active infection who are 

asymptomatic. Widespread eradication of paediatric H. pylori infection in this cohort, 

despite it being a recognised carcinogen and usually persisting for life,11 is not an 

appropriate management approach at this time. This is a reflection of the limitations of our 

current knowledge and lack of strong evidence regarding long-term outcomes in this 
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population, particularly with respect to malignancy.102,186,262 Furthermore, the sequelae of 

mass treatment such as poor compliance, particularly with complicated regimens in non-

English speaking families, may add to the risk of increasing or emerging bacterial 

resistance which is always a clinical concern.  

 

8.4.3 MANAGEMENT OF SYMPTOMATIC PAEDIATRIC INFECTION 

Refugee children with dyspepsia not attributable to ulcers, or with refractory iron deficiency 

secondary to presumed H. pylori infection, are a different consideration. Given the high 

prevalence of infection, the limited value of serology in this cohort and lack of public 

access to urea breath testing or faecal antigen assays, our clinic has taken a pragmatic 

approach of administering empirical H. pylori eradication treatment (amoxicillin, 

omeprazole and clarithromycin dosed according to weight, twice daily for 10 days) as per 

recommendations from the Australian Therapeutic Guidelines.474 There is increasing 

interest in the potential superiority of sequential triple therapy for H. pylori eradication.475,476 

However this approach is not currently advocated by either Australian or international 

guidelines.  

 

Clinical review of children is performed 2-4 months post-treatment, anecdotally with 

improvements in symptom profiles, appetite, weight and iron parameters. Medications are 

dispensed in the RHC clinic in the presence of interpreters and explained in person to the 

families in order to maximise compliance.477 Although there is a potential risk of masking 

complications, this is less likely in paediatric populations in contrast to adults, where 

symptoms may be due to more sinister causes such as peptic ulceration or carcinoma. 

Compared with adults, non-H. pylori causes of ulceration, such as alcohol, smoking or 

non-steroidal anti-inflammatory drugs, are extremely rare in paediatric refugee children, 

but need to be excluded by appropriate history and/or further investigations such as 

endoscopy. 

 

It is important to note that any refugee child with “red flag/alarm features” (weight loss, 

haematemesis, dysphagia, melaena, persistent nocturnal pain) is always referred for 

urgent gastroenterology opinion/endoscopy/biopsy to rule out organic disease, in keeping 

with current guidelines.10,186 Additionally, refugee children who remain symptomatic post-

empiric eradication therapy are also referred to clinical gastroenterology services for 

further investigation. This is particularly important as current treatment regimens are only 

effective at eradicating 70-80% of H. pylori infection,478-480 thus further evaluation may be 

necessary. Whilst inflammatory bowel disease and coeliac disease are uncommonly 
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recognised in paediatric refugee populations, they are important differential diagnoses to 

exclude in children with persistent abdominal pain and weight loss. 

 

8.4.4 CO-MORBID INFECTIONS 

Symptom profiles secondary to H. pylori infection in refugee children may be altered by 

various modulators, such as co-morbid infections, although this topic is not widely 

addressed in the literature. This thesis demonstrated that concurrent helminth infections 

are prevalent in this cohort and this may alter gastrointestinal symptoms and/or modify 

peripheral immune responses. Recent reports of children with H. pylori and helminth 

infections demonstrated more prominent Th2 immune profiles.60,331,335 Elevated levels of 

circulating IL5 in children with concurrent infection were demonstrated in this study, 

partially concurring with these findings. Importantly, this thesis demonstrated that children 

with concurrent malarial infections had much stronger peripheral immune responses – as 

indicated by elevated tumour necrosis factor alpha (TNFα) and IL10 levels - compared to 

those with helminth and H. pylori infections. The number of children with H. pylori infection 

and latent tuberculosis infection (LTBI) was too small to analyse, thus there was an 

inability to comment on potential Th1 skewing secondary to mycobacterium exposure. 

There was an absence of strong correlations between symptom profiles and cytokine 

levels for any infection, which is in keeping with the current literature. 

 

8.4.5 PSYCHOLOGICAL CO-MORBIDITY 

The psychological aspects of resettlement and/or manifestations of post-traumatic stress 

(particularly internalising symptoms) may also be important considerations in refugee 

children. Anecdotally Refugee Health Clinic (RHC) clinicians have found that the process 

of resettlement may mask symptoms secondary to organic disease, with symptoms only 

manifesting some 6-12 months after the “honeymoon” period is over. Symptom profiles in 

this study were performed during the time of acute resettlement (4-6 weeks post-arrival in 

Australia) and the apparently negative findings of this study may not be a true reflection of 

the symptoms of infected children that are reviewed in clinic some months later. 

Additionally, exposure to different foods and eradication of helminth/parasite infections 

may also modify appetite and other gastrointestinal symptoms experienced by refugee 

children, and may not be apparent at the time of resettlement.  
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8.5 EXTRA-GASTROINTESTINAL MANIFESTATIONS: IRON DEFICIENCY 

ANAEMIA 

8.5.1 CONCLUSIONS 

Contrary to the outlined hypotheses, this thesis did not demonstrate either (i) an 

association between active H. pylori infection and iron deficiency anaemia (IDA) or (ii) an 

association between H. pylori infection, urinary hepcidin levels and raised IL6. A strong 

association between iron status and hepcidin levels, as well as elucidating the different 

hepcidin responses to concurrent infection (helminth, malaria and H. pylori), was 

described.  

 

8.5.2 DIAGNOSIS OF IRON DEFICIENCY 

Ferritin levels have traditionally been used as a surrogate measure of body iron stores,481 

however this is clinically inappropriate in newly resettled paediatric refugees. Ferritin is an 

acute phase marker which is often raised in refugee children at the time of initial health 

screening due to multiple co-morbid infections (including malaria or upper respiratory tract 

infections). The World Health Organisation (WHO) guidelines recommend a different 

approach in those with high risk of concurrent infection, in which more than one measure 

of iron status is used to determine ID.349 This methodology was employed in this study. All 

haematological parameters in children need to be corrected for age and gender, however 

at this point in time there is no validated reference range for African children in use in 

Australia.28,482 Despite the significant changes in urinary hepcidin levels in IDA (and 

malaria), this is not a clinically useful investigation at present nor are assays available in 

WA outside of research settings. Urinary hepcidin levels are not recommended as part of 

routine refugee health management, particularly as we have not demonstrated alterations 

in the context of H. pylori infection. 

 

8.5.3 CAUSES OF IRON DEFICIENCY ANAEMIA IN REFUGEE CHILDREN 

Anecdotally, nutritional deficiencies appear to be a more prevalent cause of IDA, 

especially in children less than 2 years of age, rather than H. pylori-induced refractory IDA 

in those presenting to the RHC. Prolonged (and often exclusive) breastfeeding and excess 

ingestion of compounds which reduced iron bioavailability such as tannins (e.g. black tea), 

phytates (e.g. cereal, nuts and legumes) and cow’s milk (greater than 600ml/day in those 

older than 12 months of age) are all common and significant risk factors for IDA in this 

population.360,362,483-485 The need for specialised dietitian input to provide education with 

respect to appropriate introduction of iron-rich and culturally appropriate weaning foods is 
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an important adjunct to iron supplementation (ferrous sulphate elixir or ferrous gradumet 

tablets dosed according to age and weight). The PMH RHC has close links with the 

Association for Services to Torture and Trauma Survivors  (ASeTTS) which has a 

culturally appropriate food education programme (Good Food for New Arrivals: 

http://goodfood.asetts.org.au) which is used by the RHC staff for education purposes.  

 

It is possible that older children may experience dyspepsia secondary to H. pylori infection, 

which may reduce appetite and dietary iron intake, but this has not been established, and 

our current results also do not support this premise. Once dietary issues have been 

excluded and/or treated (and in the absence of symptoms or signs of inflammatory bowel 

disease or coeliac disease), then refugee children with persisting IDA, should be 

considered for treatment of H. pylori infection even in the absence of gastrointestinal 

symptoms, which is in line with international guidelines, although further research in this 

area is warranted.185,218,397,486  

 

8.5.4 CO-MORBID INFECTIONS  

This thesis demonstrated that asymptomatic helminth infections are extremely prevalent in 

resettled refugee children, however there does not appear to be a consistent association 

with IDA in the literature.358,487 Similarly, there are reports of no interaction between 

helminth infection and IDA in communities with concurrent high prevalence of H. pylori 

infection.374 Interestingly, McDonald et al correlated the effects of chronic Schistosoma 

japonicum infection in mice with iron stores and hepcidin levels.488 They demonstrated that 

although hepcidin levels correlated with changes in iron status, hepcidin was not 

significantly influenced by the level of gastrointestinal inflammation secondary to S. 

japonium in keeping with our findings.365  

 

Infection with Ancylostoma duodenale (hookworm) is a known risk factor for iron deficiency 

but this is uncommonly reported in resettled refugees in Australia.14,358 In contrast, 

hookworm infestations  with secondary anaemia and ID, are endemic in indigenous 

populations in the north of Western Australia (which is also an area of high H. pylori 

prevalence).87,489 One reason for the current low rates of hookworm detection in resettled 

refugees is likely to be empiric administration of anti-helminthic treatment (albendazole)  

pre-departure17 which may subsequently reduce the yield of stool cultures on arrival in 

Australia, in a manner similar to that described in an earlier American study.490  
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Latent tuberculosis was detected in a small percentage of refugee children, but no child 

had a diagnosis of active tuberculosis or other immunodeficiency (such as human 

immunodeficiency virus (HIV)), both of which could lead to anaemia of chronic disease. 

Due to the small numbers of those with LTBI, analysis of any potential correlations 

between H. pylori infection, LTBI and haematological parameters was not able to be 

undertaken. 

 

Acute falciparum malarial infections were more common, and this thesis demonstrated that 

hepcidin levels are significantly elevated in infected children (with a downward trend within 

a month of anti-malarial treatment). In contrast, the presence of H. pylori infection did not 

produce increases in urinary hepcidin. These preliminary findings have been confirmed in 

two other studies of paediatric malaria,420,491 although Howard et al did not demonstrate an 

association between elevated hepcidin levels and anaemia.491  De Mast et al 

demonstrated that elevated hepcidin levels were significantly reduced after malaria 

treatment with correction of hypoferremia as well as reductions in pro-inflammatory 

cytokines (IL1Ra, IL6, tumour necrosis factor alpha (TNFα)) and anti-inflammatory 

cytokine IL10, even though regression analysis indicated that none of the cytokines were 

independent predictors of hepcidin levels.420 Interestingly, the acute up-regulation of 

hepcidin in malaria infections is believed to be a protective mechanism to limit Plasmodium 

access to iron and thus restrict organism growth and survival. This process may have 

implications for other iron-dependent bacteria including H. pylori.420  

 

De Mast et al subsequently demonstrated that in those with even low level malaria 

parasitemia, the increase in IL6 and serum hepcidin produced marked hypoferremia.492 

The authors concluded that until hepcidin levels were normalised (e.g. following anti-

malarial treatment), iron supplementation for IDA would not be efficacious.492 This has 

implications for refugee children with ID/IDA and co-morbid infections, and may partially 

explain poor initial response to iron supplementation sometimes encountered in this 

subgroup.  

 

8.5.5 HAEMOGLOBINOPATHIES 

Homozygous haemoglobinopathies were uncommon in African refugee children partaking 

in this study. On the contrary, many children were heterozygous for thalassaemia (alpha 

and beta) and/or sickle cell disease (HbS). This study suggests that haemoglobinopathy 

traits are an unlikely explanation for changes in iron metabolism and/or IDA and are not 

associated with an increased likelihood of H. pylori infection.  
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8.6 EXTRA-GASTROINTESTINAL MANIFESTATIONS – GROWTH  

8.6.1 CONCLUSIONS 

This thesis did not demonstrate any association between H. pylori infection and growth 

restriction in African refugee children. On the contrary, infected children had better muscle 

mass and weight status compared to non-infected counterparts. The lack of an association 

between H. pylori infection and growth restriction in this cohort is consistent with the 

literature which has failed to draw conclusions on this controversial topic (as discussed in 

Chapter 7).  

 

8.6.2 SOCIO-ECONOMIC STATUS 

Socio-economic deprivation, as discussed in the literature,147 is an important independent 

risk factor for infection in refugee children, and is closely related to malnutrition in camp 

environments. As outlined in Chapter 6, co-existing IDA is very common in this cohort and 

may contribute to poor growth, although this thesis did not demonstrate such a finding, in 

contrast to the literature.438 In reality, it is the combination of these factors that is probably 

more important in refugee children presenting with growth restriction, rather than H. pylori 

infection alone. A careful dietary and nutritional history and examination should be 

undertaken in all refugee children with poor growth, including attention to weaning and 

introduction of solids in young infants. Furthermore, longitudinal follow-up including 

sequential growth measurements is important to detect improvements post-resettlement, 

and where possible, utilise the expertise of a dietitian experienced in refugee health and 

culturally appropriate foods.  

 

8.6.3 CO-MORBID INFECTIONS 

There is a high prevalence of non-H. pylori co-morbid infections in resettled children. It is 

acknowledged that untreated chronic infections can contribute to growth restriction.147,424 

No child in this study had active tuberculosis (TB) or HIV, both of which are important 

differential diagnoses to exclude in refugee children presenting with failure to thrive. In 

contrast, this thesis demonstrated that helminth infection does not negatively affect growth 

in refugee children, which is consistent with the literature.432 As such, helminth or parasitic 

infections are, in themselves, not usually sufficient to account for poor growth in resettled 

refugee children. 
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8.6.4 OTHER ISSUES 

At this stage, there is no evidence to conclusively support the link between H. pylori 

infection and growth failure in refugee children. Therefore, it would be premature to either 

(1) conduct routine investigations for H. pylori infection in all children with poor growth or 

failure to thrive and/or (2) treat growth restricted children empirically with H. pylori 

eradication therapy, which is consistent with international guidelines.185,187. Psychological 

factors (including post-traumatic stress and/or the trauma of resettlement) and parental 

unfamiliarity with new Western foods should also be explored in resettled refugee children 

with poor growth, once other organic causes are excluded.  

 

8.7 POLICY AND FUTURE DIRECTIONS 

8.7.1 AUSTRALIAN REFUGEE SCREENING PROTOCOLS 

As a direct result of this research, H. pylori serology has been removed from Australasian 

paediatric refugee screening protocols20,21 which is a significant change and demonstrates 

the translation of this research into clinical practice. The abridged version of the 

Australasian Society of Infectious Diseases refugee screening guidelines,21of which the 

candidate is a co-author, is attached as Appendix 12. As discussed previously, routine 

endoscopy is not recommended in refugee children. Reasons for such a policy include (i) 

the ethics of invasive procedures and anaesthesia in non-symptomatic traumatised 

children, (ii) logistics of endoscopy in non-English speaking families and (iii) the 

uncertainty of the long-term consequences of childhood H. pylori infection in this 

population. In states where UBT is available routinely then this remains the first-line 

diagnostic modality recommended for paediatric refugees, with MFAT an acceptable 

alternative.  

 

At the present time, neither UBT nor MFAT is available in the Western Australian public 

paediatric health system, although can be accessed via selected private laboratories or by 

sending assays to interstate facillities. As a consequence, symptomatic paediatric 

refugees are treated through the specialised RHC at PMH and given an empiric course of 

10 days eradication treatment and/or gastroenterology referral for endoscopy and biopsy 

(as discussed in section 8.4.2 and 8.4.3). This protocol is consistent with current best 

practice.  

 

In agreement with the current literature, identification of a typical symptom profile for 

refugee children with active H. pylori infection was not identified. A high index of clinical 

suspicion is required in clinicians managing refugee children from H. pylori endemic areas, 
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which should be combined with diagnostic testing for active infection where appropriate. 

Routine use of peripheral cytokine responses and urinary hepcidin levels to facilitate the 

diagnosis of H. pylori infection at this stage is premature, especially given the lack of 

correlation with symptoms, although urinary hepcidin levels do correlate strongly with iron 

deficiency anaemia.  

 

8.7.2 AREAS FOR FUTURE RESEARCH 

This study has answered several research questions about the specific nature of H. pylori 

infection in African refugee children. Consequently, other areas of interest and deficiencies 

in current local and international knowledge have become apparent, which will be 

discussed in this section. 

 

It is acknowledged that the use of proton pump inhibitors, bismuth and antibiotics 

(particularly amoxicillin) within a month of UBT and/or faecal antigen testing may increase 

the number of false negative results. Further evaluation is needed to assess the effects of 

anti-TB therapy on newer H. pylori diagnostic methods, particularly monoclonal faecal 

antigen testing (MFAT). Although, active TB treatment is uncommon, many refugee 

children are commenced on dual therapy (isoniazid and rifampicin) for treatment of LTBI 

and false negative results have been reported when this combination is used in the 

present of UBT.473 With the increased utilisation of MFAT, it is important to identify 

potential diagnostic pitfalls, particularly in high-prevalence paediatric populations where 

endoscopy is not advocated as a first line investigation. 

 

The role of ethnic practices (eg communal dishes, pre-mastication) as well as the potential 

variation in genetic factors amongst refugee families needs to be assessed in a larger 

study, as the latter may influence both cytokine responses and/or susceptibility to H. pylori 

infection. 

 

Longitudinal studies are needed to evaluate multiple aspects of the treatment approach in 

high prevalence paediatric refugee populations. Future research needs to focus on various 

aspects including correlating H. pylori associated symptoms (temporally dissociated from 

resettlement) with peripheral cytokine responses and/or correlations with gastric 

mucosal/histological findings and virulence markers, adjusting for co-morbid infection and 

psychological disease burden. Larger samples of refugee children with similar co-morbid 

infections (including active TB) need to be investigated in order to confirm our preliminary 

cytokine findings and/or refute the absence of Th1 dominant peripheral immune responses 
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in this sub-population. Alternatively, the long-term evolution of H. pylori associated immune 

responses in refugee children, following helminth eradication, is a fascinating area of 

interest as this may demonstrate loss of Th2 dominant cytokine expression and/or be 

associated with Th1 patterns, similar to other adult populations. 

 

Moreover, there needs to be an analysis of long-term clinical success or H. pylori 

eradication, particularly with respect to any persistent effects on haematological or 

anthropometric parameters. Assessment of IDA in refugee children needs to encompass 

more than one haematologic parameter and may need inclusion of other acute phase 

markers, such as C-reactive protein or alpha1 (α1)-acid glycoprotein, which has been 

shown to correlate with serum ferritin in the context of chronic helminth infections,493 which 

are common in this sub-population. Further research into the correlation of urinary 

hepcidin levels after treatment of H. pylori infection is also recommended, although routine 

clinical use of hepcidin levels and IDA in this context appears premature. Of note, remote 

indigenous children also have a high prevalence of IDA (and in some areas H. pylori 

infection).87 Thus, research evaluating hepcidin down-regulation may also be a valuable 

clinical adjunct in these similarly vulnerable communities. 

 

An evaluation of the potential cost-effectiveness of empirical treatment of symptomatic 

children (especially with respect to avoiding general anaesthesia/endoscopy and 

associated hospital costs) must also be undertaken given the potential for long-term H. 

pylori associated complications, including peptic ulceration and/or malignancy. The role of 

sequential versus traditional triple H. pylori eradication regimes also needs to be evaluated 

in refugee families. Despite the potential for better eradication fractions with sequential 

treatment,476 the added complexity of treatment instructions for non-English speaking 

families may reduce compliance,477 and thus impact on treatment success. 

 

The Western Australian Data Linkage System494 has been developed and expanded to 

facilitate long-term tracking of health service utilisation by the WA population. It is 

postulated that African families may harbour more virulent and potentially oncogenic 

strains, however there is little support for empiric eradication of H. pylori infection in 

childhood as the longitudinal effects of such measures remains unknown.262  Thus 

utilisation of the WADLS to identify chronic H. pylori-induced complications, including 

gastric carcinoma, may be an avenue of future research guiding the development of 

specific investigation and/or treatment protocols for high risk sub-populations, such as 

resettled refugees.  
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8.7.3 IMPACT OF THESIS ON PAEDIATRIC REFUGEE HEALTH 

Paediatric refugee health is a new area of medicine in Australia, which is steadily 

increasing in size and complexity.41 Specific literature in the area of paediatric refugee 

health is sparse, although there has been considerable work in the areas of psychological 

health of resettled families internationally. There are little relevant data available for 

clinicians managing these children, much of which has been extrapolated from studies of 

immune function or infectious diseases in adults. The current PMH RHC has been praised 

for its holistic approach to refugee families in the recent WA Auditor’s General report on 

WA refugee services15 and currently is one of the strongest RHCs in Australia. The 

candidate has significantly increased the awareness of this complex area of paediatric 

medicine both nationally and internationally through research presentations and published 

works arising from this thesis. It is anticipated that this research has also provided a strong 

evidential basis from which to develop future longitudinal intervention trials both in 

Australia and internationally.  
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APPENDIX 1: MIGRANT HEALTH UNIT PAEDIATRIC SCREENING 

PROTOCOL  

 

BLOOD TESTS 

 Full Blood Picture (FBP) 

 Iron Studies (Iron, Ferritin, Transferrin, Transferrin Saturation) 

 Thick/thin blood films for malaria 

 Malaria ICT +/- PCR 

 Serum for haemoglobinopathy studies (request only if FHx, anaemia, or low MCV) 

 Calcium, phosphate and 25(OH) Vitamin D levels 

 Liver biochemistry: alanine transaminase, alkaline phosphatase, gamma glutamyl 

transpeptidase, albumin, bilirubin 

 Serology for Hepatitis B (HBV), Hepatitis C (HCV), HIV 1+2*, Syphilis,  

H. pylori, Schistosomiasis and Strongyloides 

 Whole blood assay (QuantiFERON®-TB-Gold) for M. tuberculosis 

MICROBIOLOGY SAMPLES 

 Stool for O+P if positive Schistosoma serology (collected routinely, but used only if 

positive serology) 

 Urine for O+P if positive Schistosoma serology 

 

All children with abnormal results and/or clinical concerns to be referred to 

Paediatric Refugee Health Clinic, PMH for further management (* Offer HIV testing with 

appropriate counselling and informed consent to all children. If family are unwilling for the test to be performed, 

refer to Paediatric Refugee Health Clinic for further management)  

 

STUDY SAMPLES REQUIRED IN ADDITION TO ABOVE PROTOCOL: 

Blood tests (NB. This will be collected at same time as initial bloods and stored. No extra 

blood tests are required for the study.) 

 IgE 

 Plasma hepcidin  

Microbiological samples 

 Stool for H. pylori monoclonal antigen testing (ELISA and ICT on same sample) 

 Urine for hepcidin assay (frozen for batch analysis) 
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APPENDIX 2: DATA COLLECTION SHEET 
         ID# ____________ 
 

BASELINE ASSESSMENT 
 
1 DOB (dd/mm/yyyy)     _________________ 

2 DATE OF SCREEN (dd/mm/yyyy)   _________________ 

3 ETHNICITY      _________________ 

4 COUNTRY OF BIRTH     _________________ 

5 LAST COUNTRY OF TRANSIT    _________________ 

6 PERIOD IN LAST COUNTRY    _________________ 

7 TYPE OF DWELLING (circle)  

House  Tent Camp Apartment     Other _________________ 

8 NAME OF CAMP (if applicable)    _________________ 

9 ANTHROPOMETRIC DATA 

Weight (Kg) _______Height (cm)_______BMI _______ BMI Z score______ 

Mid-arm circumference (cm) _______ Weight for Height (for age) ______ 

10 PRE-MIGRATION TREATMENT (circle answer – specify what treatment if yes)  

  Anthelminthic    YES / NO _________________ 

  Antimalarial   YES / NO _________________ 

11 PREVIOUS MEDICATION LAST 4 WEEKS (circle answer – specify treatment if yes) 

  Helicobacter eradication YES / NO _________________ 

  H2- antagonists  YES / NO  _________________ 

  Proton pump inhibitors YES / NO  _________________ 

  Tuberculosis therapy  YES / NO  _________________ 

  Antibiotics   YES / NO  _________________ 

12 DATE OF ANTIHELMINTH TREAMENT (MHU)  ________________ 

13 DATE OF BLOODS     _________________ 

14 DATE OF STOOL COLLECTION   _________________ 

15 SYMPTOMS –fill out separate checklist 
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APPENDIX 3: RESULTS SHEET       
         

ID# ____________ 
 
(A) INVESTIGATIONS 

FBP   Hb (g/l) ________ WCC (10x9/L) ________ Eo (10x9/L) ________ 

Plt (10x9/L) ________ MCV (fL) ________ 

Iron studies   Fe (umol/L) ________  Ferritin (ug/L) ________ 

Transferrin (umol/L) ________ T.Saturation ________ 

QFN-G   Mitogen ________(IU/mL)  

ESAT6 (IU/mL) ________CFP10 (IU/mL) ________ 

Positive   Negative Indeterminate  Not done 

LFT  TP (g/L) ________  Alb (g/L) ________ Glob (g/L) ________ 

Bili (uMol/L) ________  ALP (U/L) _______  ALT (U/L) ________  

GGT (U/L) ________ 

 Corrected Ca  (mMol/L) ________ 

IgE (kU/L) ________ 

H. pylori screening 

 Serology titre  _________________  PWNed PWRPH 

 IDEIA Hp StAR _________________ 

 RAPID Hp StAR _________________ 

Urinary hepcidin   _________________ 

 Plasma stored (2ml)   _________________ 

 

(B) COMORBIDITIES (circle answer – specify answer if able) 

Malaria    YES / NO  _________________ 

Schistosomiasis  YES / NO  _________________ 

Strongyloides   YES / NO  _________________ 

Haemoglobinopathy  YES / NO  _________________ 

Bloodborne viruses  YES / NO  _________________ 

Tinea capitis   YES / NO  _________________ 

Vitamin D level (nmol/L)   _________________ 
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APPENDIX 4: SYMPTOM QUESTIONNAIRE 
        ID# ____________ 
    
 

SYMPTOMS DETAILS 
FREQUENCY 

NEVER RARELY SOMETIMES OFTEN 

1 ABDOMINAL PAIN      

 

If answered yes to 
(1), please complete 
the following 
questions: 

Location:  Central   Epigastric   Non-specific    

                  Other (specify) ____________ 

Relationship to meals: Pre-meal   Post-meal   No relationship 

Severity of pain:  Mild   Moderate   Severe 

Nocturnal pain: Yes   No 

2 NAUSEA 
Does your child 
feel like they 
may vomit? 

    

3 VOMITING 
Does your child 
ever vomit? 

    

4 ANOREXIA 

Has your child 
lost their 
appetite/ not 
eating as well? 

    

5 EARLY SATIETY 

Does your child 
finish meals/say 
they are full with 
small amounts 
of food? 

    

6 REGURGITATION 

Does your child 
complain of a 
sour taste in 
their mouth? 

    

7 HAEMATEMESIS 
Does your child 
ever vomit up 
blood? 

    

SUBTOTAL     

 

 
 
FREQUENCY SCORES AND DEFINITIONS: 
 
Never (0)  No episodes (for any symptom subpoint) 
Rarely (1) On average, once a month 
Sometimes (2) On average, once a week  
Often (3) On average, more than once a week 
 
SEVERITY SCORES AND DEFINITIONS: 
Mild  Complains of pain, no change to activity 
Moderate Complains of pain, some restriction of activity 
Severe  Complains of pain, requires analgesia and/or stops activity or lays down

TOTAL
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 APPENDIX 5: INFORMED CONSENT CHECKLIST 
 

Helicobacter pylori in paediatric refugees: epidemiology, symptomatology and 

clinical consequences. 

 
NAME OF INVESTIGATOR:  DR SARAH CHERIAN 

STUDY ID #    _________________________________ 

NAME OF INTERPRETER  _________________________________ 

DATE     _________________________________ 

 

ISSUES FOR CONSENT EXPLAINED 

AIM OF STUDY YES / NO 

EXPLANATIONS 
Bacterial infection 
Prevalence in refugee children 
Symptoms 
Complications of infection 
Treatment options 
                

YES / NO 

EXTRA SAMPLES REQUIRED FOR STUDY YES / NO 

PARTICIPATION IS VOLUNTARY / WITHDRAWAL YES / NO 

NO IMPACT ON VISA STATUS YES / NO 

NO COST TO FAMILY YES / NO 

STUDY PAMPHLET EXPLAINED YES / NO 

QUESTIONS YES / NO 

 
 

CONSENT OBTAINED (circle)  YES / NO 

NAME OF PARENT    _________________________________ 

SIGNATURE OF PARENT   _________________________________ 
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APPENDIX 6: PARENT INFORMATION SHEET 
 

Helicobacter pylori in paediatric refugees: epidemiology, symptomatology and 

clinical consequences. 

 

Chief Investigator: Dr Sarah Cherian (Paediatric Refugee Health Fellow) 

Contact number: (08) 9340 8222, Princess Margaret Hospital. 

 

Thank you for taking the time to read this information sheet. 

 

This research project is looking at a germ called Helicobacter pylori in refugee children. 

This is a very common infection throughout the world – especially in many regions of 

Africa. It affects the lining of the stomach (see diagram below), and may live in the 

stomach for a long time. Children who have this infection may have tummy discomfort or 

pain, and it can lead to poor appetite or growth, as well as stomach ulcers in adults. We 

are studying this infection as it is not well understood in children and seems to be very 

common in refugee children. If we understand the infection better, we can treat it and 

hopefully make children healthier. 

For this study, we want to collect a faeces (‘poo’) sample from each child to check for 

infection. We also wish to collect an extra urine (‘pee’) sample from each child to look for 

a chemical made by the body that may be making the children anaemic. No extra blood 

Helicobacter 
pylori infects the 
stomach, leading 
to pain, loss of 
appetite and 
other problems 
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tests will be needed for this study; we will just take an extra spoonful of blood when your 

child’s blood test is done at the Migrant Health Centre. 

 

We will also ask you some simple questions about your child’s health. This will take about 

15 minutes.  

 

Test results will only be seen by the doctors and nurses helping in this study; they will be 

kept confidential and will not be seen by anyone else. This study is voluntary, which 

means that if you do not wish to take part, this will not affect the care and medical 

treatment that your family receives. You can stop being part of the study at any time simply 

by telling the researchers. This study does not involve any cost to you or your family. 

Taking part (or refusal) will have no impact on your child or family’s visa status. 

 

If we find that your child has an infection with the Helicobacter germ, and the doctors think 

this is making them unhealthy, your child will receive treatment to get rid of this infection. 

 

If you are happy to take part in the study, we will ask you to sign a consent form that 

means we can collect a faeces and urine sample from your child and ask you some 

questions about their health. If you do not understand what you have been told about the 

study, please ask any questions. We will also provide interpreters for this session. You 

should not agree for you and your child to be part of the study until you understand what 

the study involves. 
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APPENDIX 7: EPIDEMIOLOGY MANUSCRIPT 
 

Cherian S, Forbes D, Sanfilippo F, Cook A, Burgner D. The epidemiology of 

Helicobacter pylori infection in African refugee children resettled in Australia. Med J 

Aust 2008; 189 (8): 438-41. (Chapter 3.3) 
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and risk factors include increasing age, large
family size and socioeconomic deprivation.5-7

Refugees resettled in developed countries gen-
erally come from regions of high H. pylori
prevalence, whereas those who have grown up
in industrialised nations have a lower preva-
lence of H. pylori infection.3,8 Increased preva-

Main
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438 M
ABSTRACT

Objective:  To determine the prevalence and associated epidemiological features of 
Helicobacter pylori infection in child refugees in Western Australia.
Design and participants:  Cross-sectional study of 193 eligible African refugee children 
(aged < 16 years) at their initial health assessment after resettlement in Australia 
between 1 February and 30 November 2006.

 outcome measures:  (i) Prevalence of H. pylori infection determined by 
clonal faecal antigen enzyme immunoassay testing (MFAT); (ii) associations of 

lori infection with epidemiological factors (age, sex, transit through refugee camps, 
rbidities and treatment interventions).

lts:  MFAT was performed in 182 of the 193 children; 149 of these 182 (82%) had 
lori infection. Age was an independent predictor of H. pylori infection (odds ratio 
 1.18; 95% CI, 1.07–1.31). No sex differences were observed. Premigration 

antimalarial therapy (with sulfadoxine–pyrimethamine and artesunate) significantly 
reduced the prevalence of H. pylori infection (age-adjusted OR, 0.33; 95% CI, 0.15–0.75).
Conclusion:  African refugee children have a high prevalence of H. pylori infection. 
Increasing age is a strong predictor of infection and antimalarial treatment may have a 

MJA 2008; 189: 438–441

protective effect.
eli
ac
tioH
 cobacter pylori infection is usually

quired in childhood.1,2 Acute infec-
n is often silent, with symptoms

and disease manifesting later in life, as does an
increased risk of H. pylori-related malignancy.

The prevalence of H. pylori infection is
markedly increased in developing countries,3,4

lence is also found in migrants and indigenous
populations; adverse socioeconomic condi-
tions in these groups account for some of the
excess risk.7,9,10

Western Australia resettles about 1300
humanitarian refugees annually, represent-
ing over 10% of Australia’s refugee intake.11

Currently, many families are African, and
about half the refugees are children.12

In this study, we investigated the preva-
lence and epidemiological associations of
H. pylori infection in a high-risk paediatric
population. The main outcome measure was
H. pylori infection diagnosed by monoclonal
faecal antigen enzyme immunoassay testing
(MFAT). The effects of age, sex, transit
through refugee camps, comorbidities and
treatment interventions were investigated.

METHODS
We conducted a cross-sectional study at the
Migrant Health Unit (MHU) in Perth, WA,
the sole screening unit for humanitarian refu-

gees resettled in WA. About 80% of targeted
refugees in WA receive an initial health
assessment at the MHU.12 African children
(aged less than 16 years) who presented for
initial health assessment between 1 February
and 30 November 2006 were included.
Blood samples were obtained for routine
screening investigations at the first clinic visit
as part of standard clinical care and stool
samples were collected 1 week later. Children
were excluded from our study if they had
received antibiotics or proton-pump inhibi-
tors in the preceding month, if they had an
immunodeficiency or active tuberculosis.
Ethical approval was obtained from the

Women and Children’s Ethics Committee,
Princess Margaret Hospital for Children.
Informed consent was obtained in the pres-
ence of trained interpreters, as appropriate.

Data on age, sex, ethnicity, country of last
transit, transit period, country of birth, type
of dwelling in country of transit, and recent
drug administration were obtained at the
first visit by means of a structured question-
naire. Breastfeeding history was recorded for
children under 2 years of age. Details of
premigration antihelminthic and antimalar-
ial treatment were obtained from accom-
panying International Office of Migration
documentation.

1 Ethnicity, country of birth and transit profiles of the 193 African refugee children in the study

Ethnicity Country of birth Country of last transit

Group No. Country No. Country No. Median transit time (IQR)

Sudanese 66 (34%) Sudan 54 (28%) Tanzania 64 (33%) 6.1 years (3.0–9.0)

Burundian 55 (29%) Tanzania 40 (21%) Kenya 33 (17%) 5.5 years (4.0–9.4)

Liberian 23 (12%) Kenya 21 (11%) Egypt 28 (15%) 2.0 years (1.2–2.9)

Congolese 22 (11%) Burundi 14 (7%) Guinea 26 (13%) 5.8 years (4.0–7.3)

Eritrean 20 (10%) Democratic Republic of Congo 13 (7%) Sudan 19 (10%) 6.4 years (3.3–9.4)

Other* 7 (4%) Other† 51 (26%) Other‡ 23 (12%) 7.0 years (3.3–10.0)

IQR = interquartile range. * Other ethnicity: Sierra Leonian (7). † Other countries of birth: Liberia (11); Egypt (9); Guinea (9); Zambia (8); Sierra Leone (6); Ethiopia (2); 
Ghana (2); Zimbabwe (2); Ivory Coast (1); Nigeria (1). ‡ Other transit countries: Zambia (11); Ghana (3); Ethiopia (3); Uganda (3); Zimbabwe (2); Nigeria (1). ◆
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Helicobacter pylori diagnosis
Fresh faecal samples were obtained from
each child and frozen at −20° C for batch
analyses. We assessed H. pylori status using
Amplified IDEIA HpStAR kits (Dako, Glos-
trup, Denmark) following the manufac-
turer’s instructions and as previously
reported.13

Identification of other infections
Details of helminth infection, tinea capitis,
tuberculosis and malaria were obtained for
each child. Helminth infection was defined
as the presence of any of the following
results: positive serological test for schisto-
somiasis and/or strongyloidiasis, positive
stool microscopy for ova, cysts or parasites
of pathogenic helminths, peripheral eosino-
philia (� 0.7 � 109/L) or elevated immuno-
globulin E (IgE) levels (> 280 kU/L). Pre-
migration administration of albendazole was
documented in 80% of children, with the
remainder receiving empiric albendazole at
the first health assessment visit.

A clinical diagnosis of tinea capitis was
made at the initial visit based on skin exam-
ination. Latent or active tuberculosis infec-
tion was diagnosed by QuantiFERON-TB
Gold testing (Cellestis International, Mel-
bourne, Vic) in children over 2 years of age,
with chest radiographs as indicated. All
children had a single blood film and smears
and rapid immunochromatographic testing
(BinaxNOW, Portland, Ore, USA), irrespec-
tive of symptoms or premigration antimalar-
ial treatment.

Statistical analyses
All data were analysed with SPSS, version
14.0 for Windows (SPSS Inc, Chicago, Ill,
USA). Continuous variables were compared
by independent t tests or Mann–Whitney
tests, as appropriate. Associations between
categorical variables and H. pylori infection
were initially analysed by Pearson χ2 or
Fisher’s exact tests. Logistic regression was
used to determine the effect of independent
variables separately on H. pylori infection,
adjusting only for age and sex. Multivariate
logistic regression was used to evaluate the
effect of covariates on H. pylori infection.
Statistical significance was set at the 5% level
and two-sided P values were calculated.

RESULTS
Two-hundred and one African refugee chil-
dren presenting for screening at the MHU
were recruited consecutively, with a 100%
response rate. Eight children were excluded

2 Adjusted odds ratios for factors tested for independent associations with 
Helicobacter pylori infection

Variable
No. of 

children
No. infected with 

H. pylori
Odds ratio*

(95% CI) P

Age (years) 182 149 (82%) 1.17 (1.07–1.28) 0.002

Age strata (sex-adjusted) 0.013
< 5 years 51 35 (69%) 1.0
5–10 years 67 56 (84%) 2.29 (0.95–5.53) 0.064
> 10 years 64 58 (91%) 4.35 (1.55–12.19) 0.005

Sex (age-adjusted)
Female 89 70 (79%) 1.0
Male 93 79 (85%) 1.51 (0.69–3.31) 0.3

Protracted refugee stay (> 5 years)
Yes 98 85 (87%) 1.0
No 84 64 (76%) 1.03 (0.38–2.80) 0.95

Type of dwelling 0.42
Refugee camp 123 99 (81%) 1.0
Apartment 28 22 (79%) 0.96 (0.33–2.74) 0.93
House 31 28 (90%) 2.34 (0.65–8.63) 0.2

Ethnicity 0.35
Sudanese 61 54 (89%) 1.0
Liberian 23 19 (89%) 0.48 (0.12–1.94) 0.3
Congolese 19 16 (84%) 0.61 (0.13–2.28) 0.53
Burundian 52 37 (71%) 0.30 (0.11–0.85) 0.023
Eritrean 20 17 (85%) 0.73 (0.16–3.22) 0.68
Sierra Leonian 7 6 (86%) 0.61 (0.06–6.29) 0.68

Last transit country 0.23
Tanzania 61 45 (74%) 1.0
Kenya 32 31 (97%) 11.3 (1.40–91.28) 0.023
Guinea 26 23 (88%) 2.34 (0.59–9.30) 0.23
Egypt 24 19 (79%) 1.61 (0.49–5.27) 0.44
Sudan 19 16 (84%) 2.02 (0.49–8.20) 0.33
Other† 20 15 (75%) 0.96 (0.28–3.24) 0.95

Breastfeeding
Yes 16 10 (63%) 1.0
No 166 139 (84%) 1.12 (0.30–4.21) 0.87

Premigration antihelminthic treatment
Yes 144 119 (83%) 1.0
No 38 30 (79%) 1.05 (0.41–2.68) 0.92

Premigration antimalarial treatment
No 103 91 (88%) 1.0
Yes 79 58 (73%) 0.31 (0.14–0.72) 0.006

Helminth infection
Yes 76 66 (87%) 1.0
No 106 83 (78%) 1.01 (0.40–2.55) 0.98

QuantiFERON-TB Gold test result
Negative 120 99 (83%) 1.0
Positive‡ 11 11 (100%)
Indeterminate 22 17 (77%) 0.85 (0.27–2.71) 0.79

Plasmodium falciparum infection
Yes 16 12 (75%) 1.0
No 166 137 (83%) 2.06 (0.57–7.23) 0.26

Tinea capitis
Yes 15 11 (73%) 1.0
No 167 138 (83%) 1.84 (0.52–6.46) 0.34

* Odds ratios are age- and sex-adjusted by logistic regression. † Other transit countries: Zambia (11); 
Ghana (3); Ethiopia (3); Uganda (3); Zimbabwe (2); Nigeria (1). ‡ No odds ratio reported for positive 
QuantiFERON-TB Gold test results because of small numbers. ◆
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(five received antibiotics before screening
and three were of non-African ethnicity). Of
the 193 eligible children, 100 (52%) were
male. The mean age was 7.9 years (SD, 4.4
years). Box 1 shows the main demographic
features of the cohort.

Eighteen children (9%) were breastfeed-
ing at the time of enrolment (mean age of
breastfeeding children, 11.3 months; SD,
5.2 months). There were 116 children
(60%) who had lived in refugee camps, with
the remainder living in urban dwellings
(apartments or houses). Almost all children
who transited through Tanzania or Kenya
(96 of 97; 99%) had lived in refugee camps,
while all 28 who transited through Egypt
had lived in apartments. The overall median
transit time before resettlement in WA was
5.5 years (interquartile range [IQR], 3.0–
8.4). Protracted refugee stays (more than 5
years in transit) were common (98 of 193;
51%); the median transit time for these 98
children was 8.0 years (IQR, 6.5–10.0).

Helicobacter pylori infection
MFAT was performed in 182 children, and
H. pylori infection was diagnosed in 149
(82%). MFAT results clearly discriminated
between populations that were infected
(median positive optical density [OD], 2.85;
IQR, 1.18–3.61) and uninfected (median
negative OD, 0.10; IQR, 0.08–0.18), with
no equivocal results (P < 0.001).

Children with H. pylori infection were
significantly older (mean age, 8.5 years [SD,
4.2] v mean age, 5.8 years [SD, 4.5];
P < 0.001) with no sex differences. The
prevalence of H. pylori infection was 63%
for children under 2 years of age, rising to
95% for those older than 14 years. When
analysed by age strata, the odds of infection
were more than fourfold higher for children
aged over 10 years compared with those
aged less than 5 years (odds ratio [OR],
4.42; 95% CI, 1.58–12.35). Where two or
more children in a family were enrolled (51
families), 45 of the 51 oldest siblings (88%)
had H. pylori infection compared with 35 of

the youngest siblings (69%; OR 3.43; 95%
CI, 1.21–9.67).

Logistic regression was used to assess
the effect of various factors on the odds of
H. pylori infection (Box 2). Age was a signifi-
cant predictor of H. pylori infection, with the
odds of infection increasing by 17% for each
year of age (OR, 1.17; 95% CI, 1.07–1.28).
While the odds of infection were numer-
ically largest for children transiting through
Kenya, the overall relationship between
country of transit and infection was not
significant after adjusting for age and sex.
Premigration antimalarial treatment (79 of
182 children; 43%) significantly reduced
the odds of H. pylori infection after adjusting
for age and sex (OR, 0.31; 95% CI, 0.14–
0.72). Multivariate regression showed that
only age and premigration antimalarial
treatment were significantly associated
with H. pylori infection (Box 3).

Effect of other infectious diseases on 
Helicobacter pylori infection
In total, 76 of the 182 children (42%) had
evidence of helminth infection, 15 (8%) had
tinea capitis, 16 (9%) had Plasmodium falci-
parum infection, and 11 of the 153 children
(7%) tested had positive QuantiFERON-TB
Gold results (with normal chest radio-
graphs), indicative of latent tuberculosis
infection. After adjusting for age and sex,
the prevalence of H. pylori infection was not
affected by the presence any of these infec-
tions (Box 2). No difference in IgE levels or
peripheral eosinophilia counts were found
in children with or without H. pylori infec-
tion (data not shown).

DISCUSSION
Our study shows a high prevalence of
H. pylori infection in African refugee chil-
dren, confirming that children from develop-
ing countries are at greater risk of infection.14

Our results support the observation that
early childhood is the main period of acqui-
sition of H. pylori infection in high-preva-

lence populations.1,2,4 H. pylori infection was
present in 82% of this cohort, and the odds
of infection increased significantly with age.
In comparison, the prevalence of H. pylori
infection in Australian children is low,8

although the prevalence in Australian
Aboriginal children is significantly higher,
especially in those from remote areas,9

reflecting differences in socioeconomic status.
The protective effect of antimalarial treat-

ment on H. pylori infection is a potentially
important and unexpected finding. In chil-
dren who received empirical premigration
antimalarial treatment, this was given about
6 weeks before study enrolment. This cor-
related with the median time between arrival
in Australia and the MHU health screening
(Dr A Thambiran, Medical Director, MHU,
Perth, WA, personal communication).
Empirical premigration antimalarial treat-
ment was ceased in mid 2006 because of
concerns about efficacy and coverage.15

The antimalarial therapy may have eradi-
cated existing H. pylori infection. The period
between administration of antimalarial
drugs and collection of faecal samples was
short, and so reacquisition of H. pylori infec-
tion during this intervening period is
unlikely. The elimination half-lives of
pyrimethamine and sulfadoxine are rela-
tively long (3–4 and 6–9 days, respectively)
and that of dihydroartemisinin, the active
metabolite of artesunate, is less than 1
hour.16 Antimalarial therapy is unlikely to
have affected MFAT performance. The effect
of antimalarial therapy remained significant
in our final regression analyses, and was
independent of albendazole therapy. To our
knowledge, this in-vivo association has not
been previously reported, although artemi-
sinins are known to have antibacterial prop-
erties.17 It has been postulated that
artemisinin derivatives may interact with
iron-dependent bacteria (such as H. pylori)
and potentially provide a mechanism for
targeted bacterial death.18 The possible
therapeutic role of artemisinins, which are
cheap and well tolerated, in H. pylori eradi-
cation warrants further investigation.

A limitation of our study is the lack of a
traditional “gold standard” for the diagnosis
of H. pylori infection. Methods based on
endoscopy and biopsy, or urea breath test-
ing, are neither practical nor ethical for
population-based screening of children, par-
ticularly in non-English speaking and often
traumatised families. Recent international
guidelines now recommend MFAT as an
alternative in both adult and paediatric pop-
ulations.19,20

3 Multivariate logistic regression model of variables associated with 
Helicobacter pylori infection

Variable
No. of 

children
No. infected
with H. pylori

Odds ratio
(95% CI) P

Age (years) 182 149 (82%) 1.18 (1.07–1.31) < 0.05

Premigration antimalarial treatment

No 103 91 (88%) 1.0

Yes 79 58 (73%) 0.33 (0.15–0.75) < 0.05
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In this study, we investigated potential
epidemiological risk factors that may predis-
pose refugee children to H. pylori infection.
Surprisingly, transit through refugee camps
did not place children at increased risk of
infection, despite harsh environmental and
nutritional conditions. The ubiquitous dep-
rivation and overcrowding that characterise
urban refugee conditions (eg, Egyptian
apartments) may instead contribute to the
non-significant association between dwell-
ing type and H. pylori infection.

Intrafamilial spread of H. pylori, particu-
larly mother-to-child transmission2,21,22 or
from infected older siblings,2,23 is a poten-
tially important mechanism for acquisition.
In our cohort, older siblings had odds of
H. pylori infection three times higher than
those of their youngest siblings, supporting
this premise. Parental H. pylori infection was
not assessed in this study, but a high preva-
lence would be expected, in keeping with
analogous published results.22-24 Reliable
data on family size could not be obtained, as
many siblings and/or parents were displaced
in transit.

The relationship between breastfeeding
and infection was not found to be statist-
ically significant; however, the number of
children being breastfed at the time of enrol-
ment was small. Our study did not address
the phenomenon of transient H. pylori infec-
tions.25 Over 60% of children aged under 2
years had H. pylori infection, which is simi-
lar to other reports of African infants.4 Given
the high levels of overall infection in this
cohort, reinfection is likely even if there
were cases of transient infection in infancy.

Clinicians should be aware of the high
prevalence of H. pylori infection in resettled
refugee children, including the potential devel-
opment of chronic complications. Longitud-
inal studies of this population are warranted.
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ABSTRACT

Objectives: Accurate methods for diagnosing active
Helicobacter pylori infection in children have been limited
to invasive or time-consuming techniques. Recently, fecal
antigen testing has been used successfully for the diagnosis
of H pylori infection in the pediatric population. We compared
2 monoclonal fecal antigen diagnostic methods in a population
of children with a suspected high prevalence of H pylori
infection. We also assessed the diagnostic performance of
H pylori immunoglobulin G serology.
Materials and Methods: In a cross-sectional study of African
refugee children (<16 years) we compared an immuno-
chromatographic technique (ICT) and serology with a
monoclonal fecal antigen enzyme immunoassay (MFAT)
method for the detection of active H pylori infection. Following
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was performed. The prevalence of active infection increased
with age; children with active infection were significantly older,
and there were no sex differences. ICT and serology
underperformed in comparison with MFAT (ICT sensitivity
74.6%, specificity 63.6%, positive predictive value 89.8%,
negative predictive value 36.8%; and serology sensitivity
57.9%, specificity 77.4%, positive predictive value 92.0%,
negative predictive value 29.9%).
Conclusions: Monoclonal enzyme immunoassay fecal antigen
testing is a practical and feasible alternative to traditional
invasive diagnostic methods in high-prevalence pediatric
populations. Neither immunochromatography nor serology
is useful for the diagnosis of active H pylori infection in
these children. JPGN 47:130–135, 2008. Key Words:
Helicobacter pylori—Diagnosis—Fecal antigen testing—
Refugee. # 2008 by European Society for Pediatric
and negative predictive values were calculated.
 Gastroenterology, Hepatology, and N

Results: Of the 193 eligible children enrolled, active H pylori

utrition and North
American Society for Pediatric Gastroenterology,

Hepatology, and Nutrition
Helicobacter pylori is a cause of one of the most
 the main routes of transmission (5,6). Acute infection
with this gram-negative spirochete is often silent, with
symptoms and pathologic changes manifesting later
in life, although spontaneous eradication is uncommon
(7). H pylori–induced gastritis and peptic ulcer disease
affect both adults and children (1,8,9), but malignant
transformation (gastric adenocarcinoma and mucosal-
associated tissue lymphoma) is rare in childhood.

The gold standards for diagnosis of active H pylori
infection are methods based on endoscopy and biopsy
(culture, histology, and/or rapid urease testing). Nonin-
vasive diagnostic methods include urea breath testing
(UBT), fecal antigen testing, and, more recently, poly-
authorized reproduction of this article is prohibited.

merase chain reaction testing of feces. Culture of stool
(or vomitus) is possible but technically difficult and has a
low yield (5). Mass screening can be performed with
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UBT, but the technique is problematic in young children
(10). Serology, commonly used for epidemiological
studies, critically fails to differentiate between active
and previous H pylori infection.

Monoclonal enzyme immunoassay fecal antigen test-
ing (MFAT) is increasingly recommended for the diag-
nosis of H pylori in both adult and pediatric populations
(11,12). Polyclonal fecal antigen tests are available but
generally have lower diagnostic performance compared
with MFAT and/or gold standard investigations (11,13).
Lateral flow monoclonal immunochromatographic test-
ing (ICT) techniques have the potential for use as a rapid
‘‘bedside’’ diagnostic method, but there are limited data
on their use in children.

The primary objective of this study was to compare
noninvasive fecal antigen methods (MFAT and ICT) in a
pediatric population with a likely high prevalence of active
H pylori infection. A secondary objective was to assess the
diagnostic performance of H pylori serology, a method
used in routine screening of refugees entering Western
Australia, and whether the screening guidelines should be
amended to remove the use of H pylori serology.

MATERIALS AND METHODS

Study Population and Design

The study was conducted at the Migrant Health Unit (Perth),
the centralized health assessment unit for United Nations–
designated humanitarian refugees resettled in Western Australia.
The study population was composed of African children younger
than 16 years who were brought for initial health assessment
between February and November 2006. All of the children
attended twice, with an interval of 1 week. Blood was drawn
on a single occasion for serological and routine pediatric refugee
screening tests at the first visit (as part of standard clinical care for
all of the refugees entering Western Australia) (14,15), and stools
were collected at the second visit and frozen at �208C for
subsequent analyses. Children were excluded from the study if
they had received antibiotics, bismuth, or proton pump inhibitors
in the preceding 4 weeks, had a diagnosis of immunodeficiency or
active tuberculosis, or were of non-African ethnicity. Ethical
approval was obtained from the Women’s and Children’s Ethics
Committee, Princess Margaret Hospital for Children. Informed
consent was obtained from all of the families in the presence of
trained interpreters as required.

Demographic Details

Age, sex, ethnicity, and the presence of any gastrointestinal
symptoms were obtained at the first visit by use of a structured
questionnaire. Details of premigration antihelminthic treatment
and other recent drug administration were recorded.

H pylori Laboratory Diagnosis

DIAGNOSIS OF H PYLORI INFECTION
yright © 2008 by Lippincott Williams & Wilkins.U

Active H pylori infection was assessed by MFAT, using
amplified IDEIA HpStAR kits (Dako, Glostrup, Demark, and
Oxoid, Adelaide, Australia) according to the manufacturer’s
instructions. Approximately 0.1 g of stool was emulsified in
500 mL diluent, vortex-mixed, and then centrifuged at 5000 rpm
for 5 minutes. Supernatant (50 mL) was added to monoclonal
H pylori antibody-coated microwells to which 50 mL of per-
oxidase-conjugated anti-H pylori antibody was added. Wells
were sealed and incubated at ambient temperature for 1 hour
and then washed with buffer solution. Substrate (100 mL tetra-
methlybenzidine) was added and incubated for 10 minutes, and
the reaction was terminated. Samples were read at single
wavelength optical density (OD450) by use of a SpectraMax
250 spectrophotometer (Molecular Diagnostics, Sunnyvale,
CA). Readings of<0.190 and�0.190 were considered negative
and positive, respectively, as suggested by the manufacturer.

Rapid ICT was performed in accordance with the manufac-
turer’s instructions (Rapid HpSTAR, Dako, Denmark).
Approximately 0.1 g of stool was added to the diluent filled
vial (containing PBS buffer) and capped with a filter top. The
vial was inverted and mixed gently for 15 seconds, then 8 drops
of diluted sample were added to a test tube, and the cap and ICT
strip were replaced. Test tubes were incubated for 15 minutes at
room temperature, and the strips were read by eye. Samples
were defined as positive if 2 lines of any strength were visible,
negative if only the control line was visible, and invalid if no
control line was present.

Routine H pylori serological testing was performed by the
staff at PathWest Laboratories (Nedlands, Western Australia) by
use of a commercial assay (Genesis Diagnostics HpG Screen
ELISA, Cambridgeshire, England) (16). The results were
classed as positive if anti–H pylori immunoglobulin (Ig) G
titers were >7.0 U/mL, negative if they were <6.25 U/mL, and
equivocal if they were between 6.25 and 7.0 U/mL.

Identification of Other Infections

Owing to potential cross-reactivity with H pylori antigens,
evidence of helminth infections, tuberculosis, and malaria was
sought for each child and used as covariates in regression
analyses. Helminth infection was defined if any child had 1 or
more of the following results: positive serological results for
schistosomiasis and/or strongyloidiasis, positive stool micro-
scopic results for ova cysts or parasites of pathogenic hel-
minths, peripheral eosinophilia (�0.7� 109/L) or raised IgE
levels (�280 kU/L). Premigration administration of albendazole
was documented in 80% of children, and the remainder received
empirical albendazole at the first initial health assessment visit, in
keeping with clinical practice guidelines (14). Routine stool
microscopy is not part of pediatric refugee screening protocols
in Western Australia and is undertaken only if there are positive
serological results, peripheral eosinophilia, or clinical indica-
tions. Tuberculosis status was determined by QuantiFERON-
Gold testing (Cellestis, Carnegie, Australia) in children 2 years
old or older, with chest radiographs as appropriate. Children were
screened for malaria with a single blood film and smears and with
rapid antigen testing for malaria (Binax NOW, Portland, OR)
irrespective of symptoms or premigration antimalarial treatment.

Statistical Analyses

HIGH-PREVALENCE POPULATION 131
nauthorized reproduction of this article is prohibited.

On the basis of a power of 0.8 and an a error of 0.05, a
sample size of at least 120 children was required to detect a 10%
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difference in active H pylori infection prevalence in African
refugee children against children from the metropolitan Perth
area (predominantly white and Asian; with an estimated
pediatric disease prevalence of �20%) (17,18). Data were
analyzed by use of the SPSS version 14.0 for Windows
(2005 Chicago, IL). Continuous variables were compared by
use of the independent t test or nonparametric tests (Mann-
Whitney or Kruskal-Wallis tests) as appropriate. Associations
between categorical variables were analyzed by use of the
Pearson x2 tests or the Fisher exact test. Two-sample pro-
portions were compared by the Fisher exact test (Statistix
version 8.1, Analytical Software, Tallahassee, FL). Logistic
regression models were developed by use of forward and
backward stepwise regression methods, and the effect of poten-
tial confounding variables on active H pylori infection was
evaluated. Statistical significance was set at the 5% level, and
2-sided P values were calculated.

RESULTS

Characteristics of Study Population

Of the 201 children initially recruited, 8 were excluded
(3 were of non-African ethnicity, and 5 had recently
received antibiotics). No child had an immunodeficiency
or a diagnosis of active tuberculosis. Of the 193 children
included in the analysis, 100 (51.8%) were male. The
mean age was 7.9 (standard deviation� 4.4) years. The
main ethnic groups were Sudanese (34.2%), Burundian
(28.5%), and Liberian (11.9%). Approximately half
(90/193, 46.6%) had no gastrointestinal symptoms at
the time of clinical interview.

Comparison of H pylori Fecal Antigen–Based
Diagnostic Methods

The MFAT was performed in 182 (94%) children, with
active H pylori infection present in 149 (81.9%). There

132 CHE
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was clear discrimination in MFAT optical density (OD)
values with no equivocal results (Fig. 1). The median
(interquartile range) positive and negative OD values

TABLE 1. Prevalence of active H pylori infection by age groups: com

Age group, y

Serology
�

Positive/total % Positive

0–2 3/20 15.0
2–4 7/26 26.9
4–6 5/19 26.3
6–8 16/26 61.5
8–10 12/27 44.4
10–12 15/23 65.2
12–14 16/18 88.9
�14 16/22 72.7
Total 90/181 49.7

�
Serology proportions exclude 11 equivocal results.
yTwo-sample proportions compared by use of Fisher exact test.

J Pediatr Gastroenterol Nutr, Vol. 47, No. 2, August 2008
were 2.854 (1.181–3.608) and 0.102 (0.078–0.178),
respectively (P< 0.001). Children with active H pylori
infection were significantly older (8.5�SD 4.2 vs
5.8�SD 4.5 years; P< 0.001), but there was no difference
between sexes. The prevalence of active infection
increased with increasing age, ranging from 12 of 19 chil-
dren (63.2%) younger than 2 years, to 20 of 21 children
(95.2%) older than 14 years (Table 1).

Immunochromatographic testing was performed in
176 (91.2%) children; 118 (67.0%) had positive results,
and there was 1 nonreactive sample. Following the
manufacturer’s instructions, reactions of any strength
were classed as positive results. Positive MFAT results
were demonstrated in 67 of 70 (95.7%) ICT reactions
classed as ‘‘strong’’ and in 39 of 48 (81.2%) classed
as ‘‘weak.’’ Only 22 of 57 (38.6%) stool samples with a

FIG. 1. Scatterplot of optical density (OD) results of monoclonal
fecal antigen enzyme immunoassay testing (positive >0.190 OD,
negative �0.190 OD).
authorized reproduction of this article is prohibited.

negative ICT also had a negative MFAT. When the results
were analyzed by age, no significant difference in ICT
results was demonstrated (negative: 8.7� 4.7 years vs

parison between MFAT and immunoglobulin G serology results

MFAT

PyPositive/total % Positive

12/19 63.2 0.003
14/22 63.6 0.019
20/23 87.0 0.0001
22/28 78.6 0.236
23/26 88.5 0.001
22/24 91.7 0.036
16/19 84.5 0.999
20/21 95.2 0.095

149/182 81.9 <0.001
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TABLE 2. Diagnostic performance (%) of ICT and serology compared with MFAT for detection of active H pylori infection

Test (n) Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

ICT (176) 74.6 (66.7–81.6) 63.6 (45.1–79.6) 89.8 (82.9–94.6) 36.8 (24.4–50.7)
(58.9–

DIAGNOSIS OF H PYLORI INFECTION IN A HIGH-PREVALENCE POPULATION 133
positive: 7.7� 4.8 years; P ¼ 0.192). Overall, when
MFAT was used as the diagnostic gold standard, ICT
had a sensitivity of 74.6%, a specificity of 63.6%, a
positive predictive value of 89.8%, and a negative pre-
dictive value of 36.8% (Table 2).

H pylori Serology

Serological results were assessed in 192 children;
91 (47.4%) were seropositive for H pylori with a median
IgG of 13.0 U/mL (IQR 9.0–21.0 U/mL). Equivocal
results were obtained in 11 (5.7%) children. Seropositive
children were significantly older (9.8�SD 4.2 years vs
6.1�SD 3.9 years; P< 0.001). Of the children who were
seronegative, 71.1% (59/83) had evidence of H pylori
infection on MFAT. More than half of the children who
were seropositive (48/91, 52.7%) were asymptomatic at
the time of testing. The diagnostic performance of ser-
ology in comparison with MFAT is shown in Tables 1 and
2. Serology had a lower sensitivity (59.7%) but a higher
specificity than ICT (77.4%) when compared with MFAT
as a gold standard.

Potential Confounders and Comorbidities

The effect of important comorbidities and potential
confounders (sex, helminth status, malaria infection,
QuantiFERON-Gold status, and premigration antihel-
minthic treatment) on risk estimates was analyzed (data
not shown). Age was the only predictor of active H pylori
infection. Hence, H pylori status was not affected by
concomitant helminth infestation, premigration antihel-
minthic treatment, malaria, or latent tuberculosis infec-
tion after adjustment for age and sex. Overall, 78 of the
193 children (40.4%) had evidence of helminth infec-
tion, 18 (9.3%) had Plasmodium falciparum infection,
and 11 of the 159 children (6.9%) tested had positive
QuantiFERON-Gold, indicative of latent tuberculosis
infection.

DISCUSSION

To our knowledge, this is the first study comparing
MFAT, ICT, and serology for the diagnosis of H pylori in
a highly vulnerable pediatric cohort. H pylori is classed

Serology (192) 57.9 (49.2–66.2) 77.4

PPV¼ positive predictive value; NPV¼ negative predictive value.
yright © 2008 by Lippincott Williams & Wilkins.U

as a Group 1 carcinogen (1), but the health significance of
infection in children remains uncertain, particularly in
African children, who may harbor more virulent strains
(19). The long-term complications of H pylori, including
carcinoma, do occur in African populations—a fact that
has been previously ignored because of a belief in the
‘‘African enigma’’ (9). Our study used noninvasive diag-
nostic methods to demonstrate a high prevalence (81.9%)
of active but often asymptomatic infection that was
acquired in early childhood in African refugee children.

Fecal antigen testing for H pylori, using highly specific
monoclonal antigens, can be used for both diagnosis and
follow-up after eradication (20–24). Variation in stool
consistency, such as diarrhea, does not seem to affect
stool antigen results (25). In a growing number of studies
in young children, MFAT has been used successfully
(22–24,26–30). MFAT methods have excellent technical
performance in comparison with the gold standard of
endoscopy and biopsy-based methods and/or UBT (11).
Hence, we did not compare MFAT with another gold
standard in our study. A recent meta-analysis explored
the role of MFAT as an alternative to traditional diag-
nostic methods, confirming the accuracy and usefulness
of this test in both adult and pediatric populations (11).
Our OD results demonstrated clear discrimination between
positive and negative results in children, an advantage of
MFAT over polyclonal assays (11,24,31,32). According to
the manufacturers’ instructions, the amplified IDEIA
HpStAR is a qualitative assay; thus, quantitative analyses
were not performed.

A limitation of this study was the lack of comparison
with a traditional gold standard diagnostic technique.
Upper gastrointestinal endoscopy and biopsy is neither
ethical nor feasible as a screening method in a largely
asymptomatic pediatric population (33). Although UBT
is noninvasive, there are additional logistic and technical
difficulties in the young and in non-English speaking
patients (10). The recent Maastricht III Consensus Report
on the management of H pylori infection now recom-
mends MFAT as an alternative diagnostic method to
endoscopy and UBT in children and adults (12).

Parental H pylori infection was not assessed, but high
levels of active infection would be expected, given the
results of previous epidemiological studies (2,3,34–38).
It is important to note that the presence of helminth
infection (potentially a significant confounder in this
population) did not seem to affect the MFAT results.
This is supported by an earlier study demonstrating that

90.4) 92.0 (84.3–96.7) 29.9 (19.5–39.9)
nauthorized reproduction of this article is prohibited.

the presence of Ascaris lumbricoides seemed to be
protective against H pylori seropositivity in an adult
Zambian population (35). Furthermore, all of the children
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in this study were given empiric antihelminthic treat-
ment; no differences were found in MFAT infection rates
between those who received treatment before migration
and those who received treatment at the first health visit.

Fecal antigen testing using ICT underperformed sig-
nificantly compared with MFAT. Potential reasons for the
discrepancies include emulsification difficulties, vari-
ation in stool nature, and difficulty in differentiating
between ‘‘weak’’ positive and true negative results. In
accordance with the instructions, tubes were inverted for
a short period, which may potentially lessen the antigen
load available for reaction with the strip compared with
vortexing the samples (as with MFAT). Hardened stools
may not break down sufficiently when mixed with buffer
solution, further reducing the likelihood of positive reac-
tions, although this problem was uncommon in the study
cohort. Whereas any strength of reaction constituted a
positive result, the majority of our ‘‘negative strips’’ had
corresponding positive MFAT OD results, indicating
relatively poor sensitivity of the ICT.

Pediatric data are limited with regard to RAPID
HpStAR kits, but a recent study supports our findings
of reduced sensitivity in comparison with MFAT. Schwar-
zer et al (23) evaluated the performance of the RAPID
HpStAR with invasive diagnostic methods (before treat-
ment) and with UBT (after H pylori eradication), in
addition to a comparison with MFAT performance.
Whereas MFAT had excellent technical performance
(sensitivity 98%, specificity 100% before treatment), the
ICT underperformed (sensitivity 63.8%–71.1%, speci-
ficity 91.1%–96.2% before treatment) and had several
invalid results (5.9%) (23). Similar results were demon-
strated in our cohort. Furthermore, in comparison with
serology results, the sensitivity of ICT was higher, but
the specificity was notably lower. By contrast, an alterna-
tive ICT (Immunocard HpSTAT, Meridien Diagnostics,
Cincinnati, OH) has been more widely assessed in both
adults and children (31,39–42). The Immunocard
HpSTAT has been compared with both endoscopy and
biopsy and with UBT with more promising performance
characteristics (sensitivity 86.2%–100%, specificity
76.0%–95.8%) (31,39–43).

Our data demonstrate that serology does not reliably
diagnose active H pylori infection in refugee children,
supporting the results of other studies (44). Furthermore,
serology seems to underperform in the very young when
compared with MFAT. The diagnostic value of H pylori
serology is therefore of doubtful utility in the increasing
numbers of refugee and immigrant children resettled
in developed nations (45) who come from populations
with a likely high prevalence of H pylori infection
(9,27,35,38,46). Seroprevalence increases with age and
is related to deprivation (2,19,36–38,47,48), with indi-
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genous populations in developed nations also at higher
risk (49). Furthermore, in such high-prevalence pediatric
populations, clinicians should not use serology as

J Pediatr Gastroenterol Nutr, Vol. 47, No. 2, August 2008
part of a ‘‘test and treat’’ policy because seropositivity
does not correlate with symptoms. This study confirms
that H pylori serology is not a useful diagnostic moda-
lity in high-prevalence pediatric populations. As a result
of our study, Australian pediatric refugee screening
protocols no longer recommend the use of H pylori
serology.

CONCLUSIONS

This study provides important results regarding the
optimal noninvasive diagnostic techniques for detecting
active H pylori infection in high prevalence pediatric
populations. This is increasingly relevant with large-scale
resettlement of refugees in developed countries, where
the communities generally have a lower population
prevalence of H pylori. Monoclonal fecal antigen testing
(using enzyme immunoassay techniques) is a practical
noninvasive method to investigate symptomatic children
from high-prevalence populations. At present, it is pre-
mature to recommend rapid immunochromatographic
methods, given their relatively poor performance charac-
teristics compared with MFAT. Seropositivity for H pylori
does not correlate with disease activity, and serology does
not yield useful diagnostic information in high-prevalence
populations, irrespective of gastrointestinal symptoms.
Therefore, serology should not be used for H pylori
diagnosis in refugee children.
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Refugee children are increasingly resettled in developed

countries. This population has a high prevalence of

co-existing infective and nutritional burdens that need

assessment by treating physicians [1–4]. Infections can

be acute and life-threatening, such as falciparum

malaria or more chronic, including Helicobacter pylori or

helminths (e.g., schistosomiasis or stronglyoides) [2,4].

Little is known however about the relationship

between these infections, gastrointestinal symptoms

and immune responses in resettled refugee children.

Helicobacter pylori infection is prevalent worldwide but

infection does not correlate reliably with clinical symp-

toms, especially in children [5]. Acute infection is often

transient [6,7] and occurs in early life in developing
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Abstract

Background: Refugee children have complex medical needs and often have

multiple infections. The relationship between infection, gastrointestinal

symptoms, and systemic inflammation is poorly understood. We investigated

these parameters in refugee children with a high prevalence of Helicobacter

pylori, helminth, and malaria infection.

Materials and Methods: African refugee children were recruited at resettle-

ment health screening. Data were collected on demography, gastrointestinal

symptoms, co-morbid infection, and serum for peripheral cytokine levels.

Helicobacter pylori infection was diagnosed by a fecal-based immunoassay.

Results: Data from 163 children were analyzed, of which 84.0% were

positive for H. pylori. Infected children were significantly older (9.2 years ±

3.7 vs 7.1 years ± 3.9, p = .01). Half the cohort (84 ⁄ 163, 51.5%) described

gastrointestinal symptoms but these were not strongly associated with

co-morbid infections. Helicobacter pylori-infected children had significantly

lower circulating log-interleukin-8 (IL-8) (odds ratio 0.61, 95% confidence

interval (CI) 0.40, 0.94, p = .025). Helminth infections were common

(75 ⁄ 163, 46%) and associated with elevated log-IL-5 (b: 0.42, 95% CI

0.077, 0.76). Children with malaria (15 ⁄ 163, 9.2%) had elevated log-tumor

necrosis factor-a (TNFa) and log-IL-10 (b: 0.67, 95% CI 0.34, 1.0 and b: 1.3,

95% CI 0.67, 1.9, respectively). IL-10 : IL-12 ratios were increased in

H. pylori-infected children with malaria or helminth infections. Symptoms

were generally not associated with levels of circulating peripheral cytokines

irrespective of co-morbid infection diagnosis.

Conclusions: There is a high prevalence of asymptomatic H. pylori infection

in recently resettled African refugee children. Gastrointestinal symptoms

were not predictive of H. pylori nor of helminth infections. Serum cytokines,

particularly IL-5, IL-10, and TNFa, were significantly elevated in children

with malaria and helminth infections but not in those with H. pylori

infection.
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countries and in the socioeconomically disadvantaged

including refugees [5,8–10]. Chronic infection may

result in inflammation of the gastric mucosa, mucosal

ulceration, gastric atrophy, and, in a minority of adults,

result in malignant transformation [11,12].

Despite the recognized long-term complications of

chronic infection [11], the clinical importance of H. pylori

in childhood remain unclear. Helicobacter pylori-induced

dyspepsia, gastritis, and ulceration are reported but less

frequently than in adults [5,13–16]. Helicobacter pylori

infection is not believed to play an etiologic role in recur-

rent abdominal pain (RAP) of childhood [17–24]. Cur-

rently, there is no validated clinical screening tool to

identify H. pylori-related symptoms in children or adults.

Variations in both microbial virulence and immuno-

logic responses are suggested to account for the spec-

trum of symptoms described in H. pylori infection

[25–28]. Studies of gastric and duodenal mucosal bio-

psies demonstrate adults predominantly mount a

T-helper 1 (Th1)-skewed immune responses to H. pylori

infection [25], which is less pronounced in children

[27,29,30], in whom Th1 responses are generally less

mature. There are few data on H. pylori infection and

circulating cytokine levels [31].

In contrast, helminth infections in refugee children

are often asymptomatic and their presence may pro-

mote a Th2 immune response [32]. Refugee children

with malaria may present with abdominal pain and ⁄ or

nausea and vomiting but peripheral immune responses

depend on the age of the child, relative antimalarial

immunity and degree of parasitemia [33].

This study investigated the prevalence of gastrointes-

tinal symptoms in a pediatric refugee population using

a locally devised screening questionnaire. We investi-

gated associations between gastrointestinal symptoms,

co-morbid infections (H. pylori, helminth, and malaria)

and circulating cytokine levels. We hypothesized that

refugees with H. pylori infection would not exhibit Th1

skewing due to interactions with common co-morbid

infections.

Materials and Methods

Study Population and Design

A cross-sectional study was conducted at the central ref-

ugee health assessment unit, the Migrant Health Unit

(MHU) (Perth, WA, Australia), between February and

November 2006. The MHU is located in metropolitan

Perth and provides the initial voluntary health assess-

ment unit for the majority of humanitarian refugees

resettled in Western Australia [2]. African children

(<16 years) who presented for screening were eligible for

inclusion in the study. Blood samples were obtained for

routine screening tests at the first clinic visit as part of

clinical care [34]. Children were excluded if they had

received antibiotics, treatment for H. pylori in the preced-

ing 4 weeks or if monoclonal fecal antigen immunoassay

testing (MFAT) was not performed. The study cohort was

restricted to children ‡2 years of age as younger children

would not reliably report gastrointestinal symptoms.

Ethical approval was received from the Princess

Margaret Hospital for Children Research and Ethics

Committee. Informed consent was obtained from par-

ticipating families in the presence of trained interpreters

where necessary.

Data regarding age, gender, and ethnicity were

obtained from participating families. Details of prede-

parture and recent drug administration were obtained

from migration documentation.

Assessment of Symptoms

A locally devised standardized symptom questionnaire

was administered to each child by a single investigator

at the first visit using interpreters as required. Children

over the age of 8 years were interviewed with parental

confirmation, where children were younger, their par-

ents were asked directly. The questions were designed

to identify the presence and frequency of gastrointesti-

nal symptoms (abdominal pain, nausea, vomiting, anor-

exia, early satiety, regurgitation, and hematemesis) in

the preceding month and a score was assigned to each

symptom. Abdominal pain was further defined by ana-

tomical location of discomfort, relationship to meals,

severity, and nocturnal occurrence. The frequency of

symptoms was scored as follows: never (0), rarely (1: on

average once a month), sometimes (2: on average once a

week), and often (3: more than once a week). A total

possible score of 21 was obtained for each child. For a

smaller number of children (n = 18), the test–retest

reliability of the questionnaire was evaluated by repeat

administration of the questionnaire at the second visit.

Helicobacter pylori Diagnosis

Fecal samples were obtained from each child at the sec-

ond visit and frozen at )20�C for batch analyses using a

MFAT (Amplified IDEIA� HpStAR� kits (Dako, Glostrup,

Copenhagen, Denmark and Oxoid, Adelaide, Australia))

as previously described [35].

Diagnosis of Helminth Infections

Helminth infection was defined as the presence of any of

the following results in a child: (1) positive serology for

Cherian et al. Helicobacter pylori, symptoms and cytokines
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schistosomiasis and ⁄ or strongyloidiasis, (2) peripheral

eosinophilia (‡0.7 · 109 ⁄ L), (3) raised IgE levels

(>280 kU ⁄ L), or (4) positive stool microscopy for ova

cysts or parasites of pathogenic helminths. Fecal micros-

copy for parasites was undertaken only if there were posi-

tive serologic results, persisting peripheral eosinophilia or

clinical indications in keeping with local protocols [34].

Eighty percent of children received premigration anti-

helminthic treatment (albendazole), with the remainder

receiving albendazole at the first MHU visit.

Diagnosis of Plasmodium falciparum Infection

All children were screened for malaria with a single

blood film and smears, and rapid immunochromato-

graphic testing for P. falciparum malaria (Binax NOW�,

Portland, OR, USA), irrespective of symptoms or premi-

gration antimalarial treatment.

Cytokine and Chemokine Analyses

Peripheral blood samples for cytokine and chemokine

analyses were obtained from children >2 years of age,

centrifuged, and serum snap-frozen at )80�C for batch

analyses. Assays for IL-1b, -2, -4, -5, -6, -7, -8, -10, -12,

and -13, tumor necrosis factor-a (TNFa), and interferon

gamma (IFNc) were performed by the Centre for

Microscopy, Characterisation and Analysis, University

of Western Australia, using a commercial assay (High

Sensitivity Human Cytokine LINCOplex kit; Millipore,

Billerica, MO, USA) according to the manufacturer’s

instructions.

Statistical Analyses

Continuous variables were compared using the indepen-

dent t-test or Mann–Whitney (MW) nonparametric test

as appropriate. Statistical significance was set at the 5%

level and two-sided p-values were calculated. Associa-

tions between categorical variables were initially ana-

lyzed using the Pearson’s chi-squared test or Fisher’s

exact test. Logistic regression models were developed to

evaluate the effect of symptoms and cytokines on the

positive diagnosis of H. pylori infection with adjustment

for confounders. Linear regression models were utilized

to evaluate the effect of co-morbid infections and symp-

toms on circulating cytokine levels. Cytokine values

were log-transformed to normalize the data for regres-

sion analyses. Cytokine ratios were calculated to explore

possible skewing of cytokines toward Th1, Th2, or T reg-

ulatory (Treg) pathways. Ratios of IL-10 : IL-12, IFNc :

IL-5, and IFNc : IL-13 were calculated for children with

and without H. pylori infection and stratified by

co-morbid infection status (helminth and malaria). All

data were analyzed using SPSS version 14.0 for Windows

(2005; SPSS, Chicago, IL, USA) and Intercooled STATA

version 9.2 (2005; Stata Corporation College, TX, USA).

Results

Demographic Characteristics of the Study Cohort

We recruited 201 children, of whom 38 (18.9%) were

subsequently excluded as they did not meet selection

criteria. Of those excluded from final analyses, five had

received previous antibiotics, three were of non-African

ethnicity, 11 did not undergo MFAT, and 19 children

were under 2 years of age. The mean age was

8.8 years ± SD 3.8 years, with equal gender distribu-

tion: females 81 ⁄ 163 (49.7%). The prominent ethnic

groups were Sudanese (54 ⁄ 163, 33.1%), Burundian

(46 ⁄ 163, 28.2%), or Liberian (22 ⁄ 163, 13.5%) ethnic-

ity. The majority of children had spent prolonged

periods in refugee camps prior to resettlement [8].

Helicobacter pylori, Helminth, and Malaria

Infection Status

A total of 137 children (84.0%) had H. pylori infection

diagnosed by MFAT. Infected children were older

(mean 9.2 years ± 3.7 vs 7.1 years ± 3.9, p = .01) with

no significant difference in gender. When analyzed by

age strata, 23 ⁄ 32 (71.9%) children less than 5 years

had evidence of H. pylori infection rising to 58 ⁄ 64

(90.6%) for children greater than 10 years of age

(p = .06). There was a high prevalence of helminth

infections (75 ⁄ 163, 46%) and 15 children (9.2%) had

P. falciparum malaria. Malaria parasitemia was low

(median 0.1% parasitized red blood cells, range

0.1–1.2%). Median IgE levels were significantly

elevated in those with either helminth or malaria

infections compared with those without infections (for

the presence of helminths: 589.0 U ⁄ L (interquartile

range (IQR) 315.0–1286.0 U ⁄ L) vs 61.0 U ⁄ L (IQR

32.0–146.0 U ⁄ L), MW p < .001; for the presence of

malaria: 420.0 U ⁄ L (IQR 136.0–3374.0 U ⁄ L) vs

166.0 U ⁄ L (IQR 54.0–473.0 U ⁄ L), MW p = .018, respec-

tively). There was no difference in median IgE levels in

those with or without H. pylori infection (H. pylori

190.5 U ⁄ L (IQR 58.2–553.8 U ⁄ L) vs 162.0 U ⁄ L (IQR

37.8–604.2 U ⁄ L) MW p = .89).

Assessment of Symptoms

Approximately half of the children (79 ⁄ 163, 48.5%)

were asymptomatic at the time of health assessment

Helicobacter pylori, symptoms and cytokines Cherian et al.
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with a median symptom score of 1.0 (IQR 0.0–6.0) and

a maximum score of 12.0. Children who reported

symptoms were significantly younger (symptomatic

8.0 years ± SD 3.6 vs asymptomatic 9.7 years ± SD

3.9, p = .005). There was no gender difference in

prevalence of either specific gastrointestinal symptoms

or overall combined symptom presence (data not

shown). Reliability analysis of the symptom question-

naire for 18 children ⁄ parents produced a kappa score

of 0.53 (p < .001) indicating moderate agreement. The

kappa scores for individual symptoms were as follows:

(1) abdominal pain: kappa = 0.52, p = .0002; (2)

nausea: kappa = .78, p < .001; (3) anorexia: kappa =

1.00, p < .001; and (4) early satiety: kappa = 0.79,

p < .001.

Abdominal pain was reported by 51 children

(31.3%) with no significant age difference between

children with or without pain (8.4 years ± SD 3.7 vs

9.0 years ± SD 3.9, p = .35) and no gender difference.

Most children reported central abdominal pain

(32 ⁄ 51, 62.7%) with nonspecific pain reported in

13 ⁄ 51 (25.5%) and epigastric pain in 6 ⁄ 51 (11.8%).

The abdominal pain was severe in 9 ⁄ 51 children

(17.6%) and less than a third (27.4%) experienced

nocturnal pain. Pain was unrelated to meals in the

majority of children (39 ⁄ 51, 76.5%). Specific features

of the abdominal pain were unrelated to H. pylori

infection.

Anorexia and early satiety were commonly reported

(56 ⁄ 163, 34.4% and 62 ⁄ 163, 38.0%, respectively).

Nausea was reported by 14 of 163 children (8.6%),

vomiting by nine children (5.5%), and regurgitation by

nine children. No child described hematemesis in the

preceding month.

The presence of gastrointestinal symptoms was associ-

ated with younger age (with an odds ratio (OR) for age

in years of 0.89, 95% CI 0.82, 0.97). The odds of

helminth infection was of borderline statistical signifi-

cance in those who reported abdominal pain (adjusted

OR 2.14, 95% CI 1.00, 4.57, p = .049). Analysis by age

strata (<5, 5–10, and >10 years) showed that children

>10 years were significantly less likely to complain of

anorexia or early satiety (OR 0.29, 95% CI 0.11, )0.73

and OR 0.27, 95% CI 0.11, 0.67, respectively). Malaria

infections were not associated with any gastrointestinal

symptom.

Table 1 summarizes the association between H. pylori

infection and symptoms, adjusting for age and gender.

There was an inverse relationship between nausea

and H. pylori infection (OR 0.29, 95% CI 0.085, 0.99).

Helicobacter pylori infection was not associated with

any other symptom, nor affected by the presence of

helminth or malaria infections.

Assessment of Cytokine Levels

Predictors of circulating log-cytokine and log-chemoki-

ne (IL-8) levels including age, gender, and co-morbid

infections were assessed. Age was inversely associated

with natural log-levels of TNFa, IL-6, and IL-8 (log-

TNFa beta (b): )0.032, 95% CI )0.058, )0.007; log-IL-6

b: )0.058, 95% CI )0.10, )0.013; and log-IL-8 b:

)0.059, 95% CI )0.105, )0.013, respectively). Gender

did not influence cytokine or IL-8 levels.

Co-morbid infections were analyzed separately,

adjusting for age and gender. Helicobacter pylori infection

was significantly associated with lower levels of the

chemokine log-IL-8 (b: )0.67, 95% CI )1.15, )0.19)

but did not influence any cytokine levels. Helminth

infections were related to significantly elevated levels of

circulating anti-inflammatory cytokines log-IL-5

(b: 0.43, 95% CI 0.105, 0.76) and log-IL-10 (b: 0.54,

95% CI 0.17, 0.91). In contrast malaria infections were

positively associated with higher circulating levels of

the proinflammatory cytokine log-TNFa (b: 0.68, 95%

CI 0.37, 1.0) and the regulatory cytokine log-IL-10

(b: 1.41, 95% CI 0.84, 2.0). When all co-morbid infec-

tions were analyzed together in the model (Table 2),

Table 1 Adjusted odds ratiosa for positive diagnosis of Helicobacter

pylori infection versus gastrointestinal symptoms

Variable

Number (H. pylori

infection; %) Odds ratio 95% CI p-value

Age (years) 163 (137; 84.0) 1.17 1.03, 1.32 .012

Gender

Female 81 (65; 80.2) Reference 0.75, 4.18 .191

Male 82 (72; 87.8) 1.77

Presence of symptomsa

Abdominal pain

No 112 (95; 84.8) Reference 0.37, 2.30 .867

Yes 51 (42; 82.4) 0.92

Nausea

No 149 (128; 85.9) Reference 0.08, 0.99 .047

Yes 14 (9; 64.3) 0.29

Vomiting

No 154 (128; 83.1) Reference 0.11, 2.22 .354

Yes 9 (6; 66.7) 0.49

Anorexia

No 107 (92; 86.0) Reference 0.34, 2.03 .692

Yes 56 (45; 80.4) 0.84

Early satiety

No 101 (86; 85.1) Reference 0.42, 2.44 .988

Yes 62 (51; 82.3) 1.01

Any symptom

No 79 (69; 87.3) Reference 0.32, 1.91 .595

Yes 84 (68; 81.0) 0.78

aAdjusted for age and gender; 95% CI, 95% confidence interval.
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H. pylori infection was significantly associated with

lower levels of log-IL-8, helminths were positively asso-

ciated only with log-IL-5 and there was a persisting

relationship observed between malaria and higher lev-

els of log-TNFa and IL-10.

Analysis of Cytokine Ratios

In children with H. pylori infection, there was a signifi-

cantly higher median IL-10 : IL-12 ratio in those with

concurrent helminth infection (Fig. 1A; helminth posi-

tive (n = 63): median IL-10 : IL-12 ratio 3.03 (IQR

2.01–8.11) vs helminth negative (n = 63): median

IL-10 : IL-12 ratio 2.33 (IQR 1.52–3.38), p = .022)).

Similarly, in children with H. pylori infection, those

with concurrent malaria infection (Fig. 1B) also had

significantly elevated IL-10 : IL-12 ratios (malaria posi-

tive (n = 10): median IL-10 : IL-12 ratio 8.86 (IQR

5.13–19.85) vs malaria negative (n = 104): median

IL-10 : IL-12 ratio 2.34 (IQR 1.76–3.55), p = .001)).

There was no difference in IL-10 : IL-12 ratios in chil-

dren without H. pylori infection and either co-morbid

infection (Fig. 1A and B). No difference in IFNc : IL-5

and IFNc : IL-13 ratios were demonstrated in H. pylori

positive or negative children with respect to either

malaria or helminth infections (data not shown).

Cytokine Levels, Co-Morbid Infections, and

Reported Symptoms in Children with

Helicobacter pylori Infection

Linear regression models were used to assess the effects

of reported symptoms on each circulating cytokine in

those children with H. pylori infection (n = 137) after

adjustment for age, gender, and co-morbid infections.

Symptoms of nausea were positively associated with

log-IL-10 levels in children with H. pylori infection

(nausea b: 0.79, 95% CI 0.14, 1.43). The presence of

anorexia, early satiety, abdominal pain, or the overall

presence of any gastrointestinal symptom was not asso-

ciated with circulating cytokines in H. pylori-infected

children.

Cytokine Ratios, Co-Morbid Infections, and

Reported Symptoms

There was no differences in median cytokine ratios

(IL-10 : IL-12, IFNc : IL-5, or IFNc : IL-13) for reported

gastrointestinal symptoms with the exception of children

who reported anorexia who had had significantly lower

median IFNc : IL-13 ratios (anorexia positive median

IFNc : IL-13 ratio 1.0 (IQR 0.52–1.50) vs anorexia nega-

tive median IFNc : IL-13: 1.25 (IQR 0.87–1.77),T
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p = .028). Similarly, malaria-negative children also had

significantly lower median IFNc : IL-13 ratios in children

who reported anorexia (malaria negative ⁄ anorexia

positive: median IFNc : IL-13 ratio 1.0 (IQR 0.40–1.54)

vs malaria negative ⁄ anorexia negative median IFNc :

IL-13: 1.26 (IQR 0.87–1.77), p = .042). Helicobacter

pylori-negative children who reported anorexia had

nonsignificantly lower IFNc : IL-13 ratios (p = .051), but

there was no difference for helminth-negative children

and anorexia. In contrast, no differences in cytokine

ratios and symptoms were demonstrated when analyzed

by positive infection status.

Discussion

The prevalence of H. pylori, helminth, and malaria

infection in this cohort of resettled refugee children was

high, but importantly was not associated with signifi-

cant gastrointestinal symptoms. Helicobacter pylori infec-

tion appears to be acquired early in life, consistent with

previous data [32,36]. Furthermore, the lack of correla-

tion of H. pylori, symptoms, and circulating cytokines in

African children has not been previously described and

may add to a greater understanding of pediatric

H. pylori infection.

In this cohort, most children were asymptomatic or

had mild gastrointestinal symptoms, reflected by the

low median symptom scores. Children who reported

anorexia and early satiety tended to be younger, but

age was not associated with abdominal pain. No specific

gastrointestinal symptom was predictive of H. pylori

infection, although infected children were less likely to

report nausea, in keeping with previous reports [23,37].

There was no association between H. pylori infection

and circulating proinflammatory cytokines, which is

consistent with the relatively quiescent nature of

H. pylori infection in childhood in the absence of muco-

sal ulceration [5].

Helminth infections were common and were margin-

ally associated with abdominal pain but not with other

symptoms. This prevalence estimate is likely to be more

accurate than previous reports in this population [2]

due to the inclusive nature of our diagnostic criteria,

particularly as positive fecal identification may be

affected by empiric anti-helminthic treatment. There

was no other association between helminths and symp-

toms and ⁄ or H. pylori infection, in contrast to a reported

association between concurrent H. pylori infection and

giardiasis and RAP [38], although other data are con-

flicting [22]. Malaria infections were generally mild (as

reflected by level of parasitized red blood cells and

probable relative anti-disease immunity in African refu-

gee children) and were not associated with any specific

abdominal symptoms.

Helicobacter pylori symptom profiles in children reflect

an interplay between the chronicity of infection, the

host’s immune response [15,39,40], heterogeneity of

bacterial virulence [25,26,41,42], and the ability of a

child to report and describe symptoms. In addition,

psychological symptoms, unfamiliarity with foods and

language may contribute to and ⁄ or alter patterns of
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Figure 1 (A) Median IL-10 : IL-12 ratio for children with Helicobacter

pylori infection according to helminth status. (B) Median IL-10 : IL-12

ratio for children with H. pylori infection according to malaria

status.
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symptom reporting in refugee families. In keeping with

other population-based studies in children, there was

no association observed between H. pylori infection and

abdominal pain although not all studies are consistent

[19,20,37,43–45]. Previous data indicate that children

may remain asymptomatic despite histologic progres-

sion of H. pylori-induced gastritis [46]. In our subset of

H. pylori-infected children, IL-10 levels were elevated in

those reporting nausea and this association was inde-

pendent of helminth [47] and malaria co-infections

[48], but the biologic significance is unclear.

There is no validated H. pylori-specific screening tool

for children. Our symptom questionnaire was derived

from a combination of clinical experience in managing

refugee children and from published data [23,37,49].

The questionnaire was administered through profes-

sional interpreters and showed reasonable test–retest

reliability. The cross-sectional nature of our data and

the timing of the study immediately following resettle-

ment, a period of significant physical and psychological

readjustment, may influence the spectrum of physical

symptoms reported and limit the sensitivity of symptom

identification. Larger longitudinal studies that include

refugee children who have been resettled for longer

periods and do not have psychological co-morbidities

(including post-traumatic stress disorder) are warranted

to delineate the roles of psychological factors and ⁄ or

co-morbid infections in gastrointestinal symptoms in

refugee children.

This is the first study to assess peripheral cytokines

in refugee children with multiple co-morbid infections.

There was no relationship between H. pylori infection

and circulating cytokines in this pediatric cohort,

although infected children had significantly lower lev-

els of the chemokine IL-8. Data from adults with

H. pylori infection show Th1-skewing of gastric mucosal

cytokines but this is not consistently demonstrated in

children [15,29,30,50]. There is evidence that Treg

modify cytokine production, leading to increased IL-10

and transforming growth factor b1 and subsequent

clinical presentation [15,51,52]. Treg IL-10 expression

inhibits IL-8 production in H. pylori-infected gastric

cells in vitro [51], which may contribute to the lower

circulating IL-8 levels observed in H. pylori-infected

children. Similar findings are reported in asymptomatic

adult patients [53]. Reduced IL-8 levels may reflect

downregulation of monocyte neutrophil activation [54]

and ⁄ or the effect of Treg cells [15,51] although we did

not demonstrate an association between elevated

peripheral IL-10 levels and either H. pylori infection or

IL-8 levels. However, it is difficult to comment on the

kinetics of cytokine production in a cross-sectional

study. Longitudinal studies with repeated sampling are

required to assess the interplay of host mediators in

chronic H. pylori infection.

There have been previous reports of Th2-skewed

immune responses that are partly attributable to con-

current helminth burden in both children and adults

[32,40,55,56]. Similarly in our cohort, helminth infec-

tions were prevalent in H. pylori-infected children

and were significantly associated with elevated IL-5 (a

prototypical Th2 cytokine) and IL-10 levels. Similarly

elevated IL-10 levels have been reported in African

children with chronic schistosomiasis and malaria [57],

both common findings in this cohort. IgE levels were

significantly elevated in those with helminth and

malaria infections but we are unable to comment

further on antibody responses as H. pylori-specific IgG

subclasses were not measured [55,56]. We have previ-

ously reported that H. pylori serology in this cohort is

not useful diagnostically, particularly in the younger

age group [35]. Elevated TNFa levels (a proinflamma-

tory Th1 cytokine) were observed in children with

malaria who also had elevated IL-10 levels, which

downregulates TNFa and modulates severity of presen-

tation [48,58,59].

Interestingly, children with H. pylori infection and

concurrent helminth and malaria infections had signifi-

cantly elevated IL-10 : IL-12 ratios reflecting a possible

Treg influence, but there was no significant Th2 skew-

ing with respect to IFNc : IL-5 and IFNc : IL-13 ratios

in this cohort. Furthermore, we did not demonstrate

any strong associations between cytokine ratios and

symptom reports. Although there was a statistically sig-

nificant difference in median IFNc : IL-13 ratios in chil-

dren who reported anorexia (with a slight skewing

toward Th2 pathway in anorectic children), the clinical

significance of this is uncertain and requires

replication.

There are some limitations of this study. First, the

lack of endoscopy and gastric biopsy findings that

would allow correlation between local inflammation,

gastrointestinal symptoms, and circulating cytokines is

an important consideration. However, in an unselected

and predominantly asymptomatic cohort of children,

endoscopy under anesthesia was considered both

impractical and unjustifiable. Helicobacter pylori-induced

cytokine expression within the gastric mucosa may be

more clinically relevant than circulating cytokine levels,

although previous studies do not show a consistent cor-

relation between severity of gastritis and cytokine

expression [30,50]. Furthermore, we did not address

genotype or virulence heterogeneity (e.g., cytotoxin-

associated gene A pathogenicity island [42,60], vacuo-

lating cytotoxin A [61], or HomB strains [62]) which

may contribute to the manifestation of symptoms and

Helicobacter pylori, symptoms and cytokines Cherian et al.

94 ª 2010 Blackwell Publishing Ltd, Helicobacter 15: 88–97



disease [25,28,46]. Finally, a cross-sectional study

design does not address either the dynamic nature of

both symptom modifiers in recently resettled refugees

nor the kinetics of the host cytokine response.

Conclusion

There is a high prevalence of asymptomatic gastrointes-

tinal infections in African refugee children, especially

helminths and H. pylori. Our results are novel and

reflect the complex interaction between Th1, Th2, and

Treg responses, infections, and age. Circulating cytokine

levels were not significantly elevated in H. pylori-

infected children in keeping with the relatively quies-

cent nature of pediatric infection. In contrast, children

with malaria and helminth infections had elevated

TNFa, IL-5, and IL-10 levels as well as evidence of ele-

vated IL-10 : IL-12 ratios in those with concurrent

H. pylori infection and co-morbid infections. Despite the

potential complications of chronic infection, eradication

of H. pylori in this pediatric subpopulation requires care-

ful consideration given the lack of correlation with clin-

ical symptoms, increasing antibiotic resistance, potential

side-effects, and significant costs of therapy. In line

with current pediatric H. pylori guidelines, a ‘‘test and

treat’’ policy is not recommended for African refugee

children [21]. Further longitudinal studies addressing

the correlation between symptomatology, gastric muco-

sal histology, cytokine levels, and virulence factor

expression are warranted in high prevalence

populations.
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Abstract

Background: Hepcidin, a key regulator of iron homeostasis, is increased in response to inflammation and some infections,
but the in vivo role of hepcidin, particularly in children with iron deficiency anemia (IDA) is unclear. We investigated the
relationships between hepcidin, cytokines and iron status in a pediatric population with a high prevalence of both anemia
and co-morbid infections.

Methodology/Principal Findings: African refugee children ,16 years were consecutively recruited at the initial post-
resettlement health check with 181 children meeting inclusion criteria. Data on hematological parameters, cytokine levels
and co-morbid infections (Helicobacter pylori, helminth and malaria) were obtained and urinary hepcidin assays performed.
The primary outcome measure was urinary hepcidin levels in children with and without iron deficiency (ID) and/or ID
anaemia (IDA). The secondary outcome measures included were the relationship between co-morbid infections and (i) ID
and IDA, (ii) urinary hepcidin levels and (iii) cytokine levels. IDA was present in 25/181 (13.8%). Children with IDA had
significantly lower hepcidin levels (IDA median hepcidin 0.14 nmol/mmol Cr (interquartile range 0.05–0.061) versus non-IDA
2.96 nmol/mmol Cr, (IQR 0.95–6.72), p,0.001). Hemoglobin, log-ferritin, iron, mean cell volume (MCV) and transferrin
saturation were positively associated with log-hepcidin levels (log-ferritin beta coefficient (b): 1.30, 95% CI 1.02 to 1.57) and
transferrin was inversely associated (b: 20.12, 95% CI 20.15 to 20.08). Cytokine levels (including IL-6) and co-morbid
infections were not associated with IDA or hepcidin levels.

Conclusions/Significance: This is the largest pediatric study of the in vivo associations between hepcidin, iron status and
cytokines. Gastro-intestinal infections (H. pylori and helminths) did not elevate urinary hepcidin or IL-6 levels in refugee
children, nor were they associated with IDA. Longitudinal and mechanistic studies of IDA will further elucidate the role of
hepcidin in paediatric iron regulation.
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Introduction

Iron deficiency anemia (IDA) is one of the commonest nutritional

deficiencies globally, with young children, women of childbearing age

and pregnant women at highest risk [1]. Adequate iron stores are

important for normal childhood growth and development [1] and

IDA may impair cognitive development [2,3]. Nutritional deficiencies

are particularly prevalent in resettled pediatric refugees, who often

have significant co-morbidities (including acute chronic infection

and/or hemoglobinopathies) which may exacerbate IDA [4].

Hepcidin, a type II acute phase peptide, plays a central role in

the regulation of iron homeostasis [5,6]. Abnormal hepcidin levels

have been linked to anemia of chronic disease (ACD) and

hemochromatosis [6]. Hepcidin production is driven by pro-

inflammatory cytokines, particularly interleukin-6 (IL-6) [7]. It has

been proposed that the refractory IDA associated with Helicobacter

pylori infection may be mediated by inflammation-driven hepcidin

production [8]. There are few in vivo human data, particularly in

children, to substantiate these putative roles of hepcidin in either

IDA or in infections.
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We explored associations between IDA, urinary hepcidin and

cytokine levels in a pediatric population with a high prevalence of

infections, including H. pylori and Plasmodium falciparum. The

primary aim was to assess hepcidin levels in refugee children in

whom a high prevalence of IDA and H. pylori infection was

expected. The secondary aim was to investigate the effect of co-

morbid infections on (i) ID and IDA, (ii) urinary hepcidin levels

and (iii) cytokine levels. We hypothesized that children with H.

pylori infection would have a higher prevalence of IDA, higher

urinary hepcidin levels and increased inflammatory cytokines,

particularly of IL-6.

Methods

Study population and design
A cross-sectional study was conducted at the initial health

assessment unit responsible for screening the majority of

humanitarian refugees resettled in Western Australia (WA) [9].

The health assessment takes place over two visits, one week apart,

at a median time of six weeks post-resettlement (Dr A Thambiran,

Medical Director, Migrant Health Unit (MHU), personal

communication, 2007). African children (,16 years) were assessed

between February and November 2006 and consecutively

recruited, with informed consent obtained in the presence of

trained interpreters, as appropriate. Ethical approval was obtained

from the Women and Children’s Ethics Committee, Princess

Margaret Hospital for Children, Perth, Australia (Reference #:

EC06-04.13).

Data on age, gender, ethnicity, pre-migration and recent drug

administration, the presence of gastrointestinal symptoms (in

children $2 years) and details of menarche for pubertal girls were

obtained. Blood and urine samples were obtained at the first visit

and fecal samples at the second, as part of routine clinical care

[10]. Children were excluded if they had received antibiotics or

specific treatment for H. pylori in the preceding month, had a

diagnosis of immunodeficiency or active tuberculosis, or if H. pylori

fecal antigen testing was not performed.

Hematological analyses
Complete blood count, blood film, iron and hemoglobinopathy

studies (HPLC and genetic analyses) were performed on each child

at the initial visit. Anemia was defined as a hemoglobin

concentration less than age and gender-adjusted norms used in

our pediatric population (PathWest Laboratories, Nedlands, Perth,

WA) [11]. The reference intervals used in this study are

comparable to those of the World Health Organization (WHO)

Guidelines for anemia and iron deficiency [12]. As ferritin, an acute phase

reactant, may be elevated during co-morbid infection(s), iron

deficiency (ID) was defined as $2 abnormal age-corrected iron

parameters (iron, ferritin, transferrin and transferrin saturation).

IDA was defined as concurrent ID and anemia.

Urinary hepcidin analysis
Freshly voided urine samples were collected and 10 mL aliquots

were centrifuged at 5000 rpm for 5 minutes and frozen at 280uC
for batch analyses at the Department of Clinical Chemistry,

Radboud University, Nijmegen Medical Centre, The Netherlands.

Urinary hepcidin measurements of the bioactive hepcidin-25

isoform were performed by surface enhanced laser desorption

ionization – time of flight mass spectrometry (SELDI-TOF MS),

using a mass spectrometry method updated from Kemna et al

[13]. A synthetic hepcidin-24 peptide (Peptide international Inc,

Louisville, KY, USA) was used as an internal standard [14]. After

dissolving the lyophilized hepcidin-24 peptide in distilled water

(0.5 mM), 5 mL of the solution was added as an internal standard

to 495 mL urine sample (5 nmol), immediately followed by

application of a 5 mL sample to immobilized copper (Cu2+)

affinity capture protein chip arrays (IMAC30-Cu2+), equilibrated

with appropriate buffers according to the manufacturer’s instruc-

tions (Biorad, Hercules, CA, USA). Samples with hepcidin peak

heights .55Int were considered out of linear range and were

diluted with blank urine from a patient with juvenile hemochro-

matosis [15]. The urine hepcidin concentrations were normalized

to urine creatinine (Cr) values and are reported as nmol/mmol Cr.

Intra-assay or spot-to-spot variation of urinary hepcidin ranged

from 6.1% at 3.2 nmol to 7.3% at 1.2 nmol (n = 8). Inter-assay

variation ranged from 7.9% at 5 nmol to 10.9% at 1.0 nmol

(n = 4). The normal range for adults is 0.01–10.6 nmol/mmol Cr

(www.hepcidinanalysis.com). The lower limit of detection lay

between 0.003 and 0.037 nmol/mmol Cr.

Cytokine analyses
Peripheral blood samples for cytokine analyses were obtained

from children .2 years of age, centrifuged and serum snap-frozen

at 280uC for batch analyses. Assays for IL-6, IL-1b, tumor

necrosis factor alpha (TNFa) and interferon gamma (IFNc) were

performed using a commercial assay (High Sensitivity Human

Cytokine LINCOplex kit, Millipore, Missouri, USA) according to

the manufacturer’s instructions.

Diagnosis of infectious diseases
H. pylori infection was diagnosed using monoclonal fecal antigen

immunoassay techniques (MFAT) (Amplified IDEIATM

HpStARTM kits, Dako, Denmark and Oxoid, Australia) in

accordance with the manufacturer’s instructions and as previously

described [16]. H. pylori IgG was measured using a commercial

assay (Genesis Diagnostics HpG Screen ELISA, Cambridgeshire,

England) [17]. Helminth infection was defined by the presence

one or more of the following results: (i) positive serology for

schistosomiasis and/or strongyloidiasis, (ii) raised IgE levels

(.280 kU/L), (iii) peripheral eosinophilia ($0.76109/L) or (iv)

positive stool microscopy for ova cysts or parasites of known

pathogenic helminths. Fecal microscopy for parasites was

performed only if there was serological evidence of helminth

activity, peripheral eosinophilia or clinical indications, in accor-

dance with clinical protocols. Latent tuberculosis infection (LTBI)

was defined as children with a positive QuantiFERON-GoldTM

result (Cellestis, Carnegie, Australia), normal chest radiographs

and an absence of clinical symptoms suggestive of active TB. All

children were screened for malaria in WA with single thick and

thin blood films and rapid immunochromatographic testing for P.

falciparum malaria (Binax NOWH, Portland, USA), irrespective of

symptoms or pre-migration anti-malarial treatment.

Statistical analyses
All data were analyzed using SPSS version 14.0 for Windows

(2005 Chicago, Illinois, USA). Continuous variables were

transformed where necessary and compared using the indepen-

dent t-test or Mann-Whitney (MW) test as appropriate. Associa-

tions between categorical variables were initially analyzed using

Pearson chi-squared or Fisher’s exact tests. Log-transformation

(natural logarithm) of ferritin and urinary hepcidin was required to

normalize the distribution of these variables for regression

analyses. Logistic regression models were developed to analyze

associations with ID and IDA using clinical and demographic

factors as independent variables and adjusting for age and gender.

Linear regression models were used to evaluate the effect of age-

and gender-adjusted independent variables on log-hepcidin levels

Hepcidin, Anemia and Infection
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as a continuous dependent variable. Statistical significance was set

at the 5% level and 2-sided p-values were calculated.

Results

Characteristics of the study population
In total, 198 children were recruited with 17 subsequently

excluded (5 had received recent antibiotics, 11 did not have

MFAT performed and 1 child did not have hematological

assessment). Of the 181 children included in subsequent analyses,

93 were male (51.4%). The mean age was 8.0 years (standard

deviation (SD) 4.3 years). There were six ethnic groups with

Sudanese (33.7%), Burundian (28.7%) and Liberian (12.7%)

children predominating. Ten girls had attained menarche at a

mean age of 14.2 years (SD 1.0 years). Approximately half the

children (84/162, 51.8%) had no gastrointestinal symptoms at the

time of interview. There was no difference in symptoms in the

prevalence of symptoms in children with and without H. pylori or

helminth infections (H. pylori infected: 69/137 (50.4%) asymptom-

atic versus 68/137 (49.6%) symptomatic, p = 0.292 and helminth

infected: 40/75 (53.3%) asymptomatic versus 35/75 (46.7%),

p = 0.274 respectively).

Hematologic parameters and iron status
Hematologic characteristics of the study population are

summarized in Table 1. Fifty six children (30.9%) were anemic

and 35 (19.3%) had ID (Table 2). IDA was present in 25 of 181

children (13.8%) who were younger than non-anemic children

(6.3 years, SD 5.0 versus 8.3 years, SD 4.2, p = 0.033). There was

no gender difference in the prevalence of IDA. A third of children

(50/181) had a hemoglobinopathy with alpha thalassemia trait

(single gene deletion) (20/50), sickle cell anemia (HbS) trait (15/50)

and alpha thalassemia trait (single gene deletion)/HbS trait (7/50)

the most common findings. No child was homozygous for

thalassemia, HbS or double heterozygotes for b0 thalassemia/

HbS. Hemoglobinopathies were not associated with ID, IDA or

urinary hepcidin levels (Tables 3 and 4). None of the girls who had

attained menarche had IDA.

Logistic regression analyses were performed to assess the

relationship between a range of predictive variables and the

presence of ID and IDA (Table 3). In the adjusted model, log-

hepcidin was inversely related to ID (odds ratio (OR) 0.64, 95% CI

0.48–0.85, p = 0.002) whereas male gender significantly increased

the odds of ID (OR 3.25, 95% CI 1.10–9.62, p = 0.034). For those

with IDA, univariate analysis indicated that age (in years) and log-

hepcidin were inversely associated. In the age- and gender-

adjusted model, only lower log-hepcidin levels were significantly

associated with IDA (OR 0.37, 95% CI 0.24–0.57, p,0.001).

Urinary hepcidin analyses
Urinary hepcidin assays were performed in 147 children. The

median hepcidin level was 2.23 nmol/mmol Cr (interquartile range

(IQR) 0.83–6.17). Children with ID and IDA had significantly lower

hepcidin levels compared to those with normal hematologic

parameters (Table 2). Adjusted linear regression analyses demon-

strated that log-hepcidin was positively associated with hemoglobin,

mean cell volume (MCV), iron, log-ferritin and transferrin saturation

levels and negatively associated with transferrin (Table 4). The

presence of anemia, ID and IDA also were negatively associated with

log-hepcidin levels. Log-ferritin and log-hepcidin levels were

significantly correlated (Pearson r = 0.587, p,0.001).

Infectious diseases
Pre-migration administration of albendazole (an anti-helminthic

agent) was documented in 143 children (79.0%), with the

remainder receiving empiric albendazole at the first health

assessment visit. The timing of albendazole administration did

not influence ID, IDA or hepcidin levels (Tables 3 and 4).

Helminth infections were diagnosed in 76/181 children (42.0%).

Eosinophilia was present in 24 children; 12 had positive serology/

fecal microscopy and elevated IgE levels, 5 had normal IgE levels

with positive serology, 5 had elevated IgE levels with negative

serology and only 2 had isolated eosinophilia (but had received

pre-departure albendazole therapy). Elevated IgE levels were

found in 63/181 children (34.8%). Eosinophil and IgE levels were

significantly higher in children with helminth infections (but not H.

pylori infection) (Table 5). P. falciparum malaria was detected in 16

children (8.8%) and 11 children (6.1%) had LTBI. No child with

LTBI had ID or IDA; LTBI was therefore not included as a

covariate in logistic regression analyses.

There was a high prevalence of H. pylori infection in this cohort

(148/181; 81.8%) [18]. Children with H. pylori infection were

significantly older (8.5 years (SD 4.2) versus 5.8 years (SD 4.3),

p = 0.001) and had a higher mean hemoglobin (119.5 g/L (SD

14.9) versus 112.2 g/L (SD 12.3), p = 0.010). Hematologic

parameters and cytokine levels for children with and without H.

pylori and helminth infections are shown in Table 5.

Ferritin levels were significantly higher in those children with

helminth (n = 76) and malaria infections (n = 16), but not in those

with H. pylori infection (n = 148). The median ferritin levels for

helminth, malaria and H. pylori infected versus non-infected children

were, respectively; 37.5 mg/L (IQR 22.0–51.7) versus 28.0 mg/L

(IQR 15.0–41.0), MW p = 0.002; 39 mg/L (IQR 25.0–55.7) versus

Table 1. Characteristics of study population (n = 181 African
refugee children).

VARIABLE Estimate*

Age (years) 8.064.3

Gender (male) (%) 93/181 (51.4)

Breastfeeding (%) 16/181 (8.8)

Attained menarche (%) 10/88 (11.4)

Hemoglobin (g/L) 118.2614.7

Mean cell volume(fL) (IQR) 80.0 (74.0–83.5)

Iron (mmol/L) 11.865.2

Ferritin (mg/L) (IQR) 32.0 (18.0–47.0)

Transferrin (mmol/L)* (IQR) 36.0 (33.5–40.0)

Transferrin saturation (%) 16.667.9

Urinary hepcidin** (nmol/mmol Cr) (IQR) 2.2 (0.8–6.2)

IL-1b Level{ (pg/mL) (IQR) 4.5 (2.8–5.4)

IL-6 Level{ (pg/mL) (IQR) 14.7 (11.0–26.2)

TNFa Level1 (pg/mL) (IQR) 9.7 (7.5–11.8)

IFNc Level{ (pg/mL) (IQR) 22.8 (9.1–36.0)

Anemia (%) 56/181 (30.9)

Iron deficiency (%) 35/181 (19.3)

Iron deficiency anemia (%) 24/181 (13.3)

SD: standard deviation; IQR: interquartile range; %: percentage.
*values represent mean6SD, median and IQR or proportion.
**n = 147.
{n = 138.
{n = 139.
1n = 130.
doi:10.1371/journal.pone.0004030.t001
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Table 2. Comparison of hematological parameters by presence versus absence of (i) iron deficiency* and (ii) iron deficiency
anemia.

VARIABLE IRON DEFICIENCY IRON DEFICIENCY ANEMIA

ID (n = 35) NON-ID (n = 146) p-VALUE IDA (n = 25) NON-IDA (n = 156) p-VALUE

Hemoglobin (g/L)6SD 106.4618.8 121.16120.2 ,0.001 97.9612.8 121.5612.2 ,0.001

Mean cell volume (fL) (IQR) 73.0 (62.0–79.0) 80.0 (76.0–84.0) ,0.001 69.0 (60.5–74.0) 80.0 (76.0–84.0) ,0.001

Iron (mmoL/L)6SD 5.762.4 13.364.5 ,0.001 5.262.0 12.964.7 ,0.001

Ferritin (mg/L) (IQR) 13.0 (7.0–22.0) 35.0 (22.7–51.2) ,0.001 9.0 (5.0–16.5) 35.0 (22.0–49.5) ,0.001

Transferrin (mmoL/L) (IQR) 41.0 (37.0–48.0) 36.0 (33.0–39.0) ,0.001 47.0 (39.5–49.5) 36.0 (33.0–39.0) ,0.001

Transferrin saturation (%)6SD 7.063.6 18.866.8 ,0.001 6.163.1 18.267.1 ,0.001

Hepcidin (nmol/mmol Cr) (IQR) 0.3 (0.07–4.0) 2.9 (0.9–6.4) 0.004 0.1 (0.05–0.6) 3.0 (0.9–6.7) ,0.001

*ID: iron deficiency defined as the presence of $2 abnormal/low iron parameters (age and gender adjusted).
IDA: iron deficiency anemia defined as the presence of anemia and iron deficiency; SD: standard deviation; IQR: interquartile range; %: percent. Parameter estimates
represent mean6SD or median and IQR.
doi:10.1371/journal.pone.0004030.t002

Table 3. Odds ratios for clinical and hematological predictors of (i) iron deficiency* and (ii) iron deficiency anemia.

VARIABLE IRON DEFICIENCY IRON DEFICIENCY ANEMIA

Number
(ID present; %) Odds ratio 95% CI p-value

Number
(IDA present; %) Odds ratio 95% CI p-value

Age (years) 181 (35; 19.3) 0.926 0.849–1.011 0.085 181 (25; 13.8) 0.896 0.809–0.993 0.036

Gender

Female 88 (11; 12.5) reference 88 (9; 10.2) reference

Male 93 (24; 25.8) 2.435 1.112–5.333 0.026 93 (16; 17.2) 1.824 0.760–4.375 0.178

Log-hepcidin 147 (23; 15.6) 0.640 0.484–0.846 0.002 147 (15; 10.2) 0.373 0.242–0.573 ,0.001

IL-6 level (pg/mL){ 139 (23; 16.5) 1.022 0.997–1.048 0.082 139 (15; 10.8) 1.003 0.972–1.034 0.863

IL-1b level (pg/mL){ 138 (22; 15.9) 1.048 0.863–1.271 0.637 138 (14; 10.1) 1.084 0.869–1.353 0.475

TNFa level (pg/mL){ 130 (23; 17.7) 1.009 0.923–1.103 0.847 130 (15; 11.5) 1.058 0.969–1.154 0.208

IFNc level (pg/mL){ 139 (23; 16.5) 1.020 0.998–1.043 0.075 139 (15; 10.8) 1.022 0.997–1.047 0.087

Hemoglobinopathy
present{

No 127 (26; 20.5) reference 127 (18; 14.2) reference

Yes 54 (9; 16.7) 0.699 0.293–1.664 0.418 54 (7; 13.0) 0.896 0.332–2.310 0.789

H. pylori infection{

No 33 (7; 21.2) reference 33 (6; 18.2) reference

Yes 148 (28; 18.9) 0.992 0.367–2.683 0.987 148 (19; 12.8) 0.830 0.285–2.417 0.732

Helminth infection{

No 105 (21;20.0) reference 105 (15; 14.3) reference

Yes 76 (14;18.4) 1.195 0.500–2.855 0.688 76 (10; 13.2) 1.464 0.537–3.989 0.457

Malaria infection{

No 165 (32; 19.4) reference 165 (22; 13.3) reference

Yes 16 (3; 18.8) 1.026 0.265–3.976 0.970 16 (3; 18.8) 1.711 0.431–6.795 0.445

Predeparture
albdendazole{

No 38 (11; 28.9) reference 38 (7; 18.4) reference

Yes 143 (24; 16.8) 0.527 0.221–1.258 0.149 143 (18; 12.6) 0.281 0.280–2.061 0.588

*ID: iron deficiency defined as $2 abnormal iron parameters.
%: percent; 95% CI: 95 percent confidence interval.
{age- and gender-adjusted variable.
doi:10.1371/journal.pone.0004030.t003
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31 mg/L (IQR 16.0–46.5), MW p = 0.046; and 32.0 mg/L (IQR

18.0–48.0) versus 32.0 mg/L (IQR 17.0–43.0), MW p = 0.525.

No co-morbid infections were associated with ID, IDA or hepcidin

on regression analyses (Tables 3 and 4). Urinary hepcidin levels were

not significantly different between children with (n = 69) or without

(n = 78) helminth infections MW p = 0.669) nor in children with

(n = 125) or without (n = 15) H. pylori infection (MW p = 0.598).

Median hepcidin levels in children with helminth and H. pylori

infection were 2.42 nmol/mmol Cr (IQR 0.84–5.41) and 2.17 nmol/

mmol Cr (IQR 0.84–6.20), respectively (Table 5). No differences in

hepcidin levels were demonstrated in children who were H. pylori

seropositive (n = 78) compared to those who were seronegative

(n = 62) (data not shown). In children with malaria (n = 16), median

hepcidin levels were higher (4.69 nmol/mmol Cr (IQR 0.96–9.38)

versus 2.19 nmol/mmol Cr (IQR 0.81–5.99) but this was not

significant (MW p = 0.209). Eight children had a repeat urinary

hepcidin assay one month post malaria treatment (median hepcidin

1.65 nmol/mmol Cr (IQR 0.48–3.04), with the reduction in hepcidin

levels trending downwards (Wilcoxon rank sum test p = 0.051).

Cytokine analyses
Serum cytokines were measured in 139 children (Table 1).

There were no significant associations between ID, IDA or

hepcidin levels and circulating IL-1b, IL-6, TNFa or IFNc
(Tables 3 and 4). IL-6 levels did not differ significantly between

children with or without H. pylori infection diagnosed by MFAT

(H. pylori infected 14.5 pg/mL (IQR 10.8–24.3) versus uninfected

16.1 pg/mL (IQR11.4–40.2), MW p = 0.262) (Table 5) or by

serology (data not shown).

Discussion

This is the first in vivo study to explore the associations between

hepcidin, iron status, co-morbid infections and cytokine levels in

children. Urinary hepcidin levels were significantly lower in

children with ID and IDA. There was no relationship between

hepcidin and serum cytokine levels, H. pylori or helminth

infections. Our results support a feedback mechanism between

IDA and/or low ferritin and hepcidin secretion. The effect of

transferrin on hepcidin is likely mediated by low transferrin-bound

iron and/or anemia [6].

Hepcidin and iron deficiency parameters
ID and IDA are common in refugee children with a prevalence

of IDA similar to other non-Caucasian ethnic groups [19,20] and

higher than that in Caucasian Australian children [21]. Nutritional

deficiencies are highly prevalent in paediatric refugees resettled in

Australia [4], partly due to lack of dietary iron, prolonged

breastfeeding and/or delayed introduction of appropriate solid

foods and excessive intake of cow’s milk. All children were United

Nations High Commissioner of Refugees (UNHCR) designated

refugees, and were likely to have experienced nutritional and

socioeconomic deprivation. Additional nutritional data were not

collected as part of this study.

Many studies and guidelines define iron stores (and hence ID)

by a single low ferritin level [1,12]. Ferritin is an acute phase

reactant and thus a poor measure of iron status in populations in

whom infections are prevalent. The WHO defines ID as a ferritin

of ,30 mg/L in the presence of infection and/or a combination of

other iron parameters to increase the specificity of ID detection

[12]. In this study, the broader definition of ID took account of the

likely confounding effect of common co-morbid infections on

ferritin levels. We found that children with helminth and malaria

infections (but not H. pylori) had higher ferritin levels than

uninfected children. Children in this cohort with replete iron stores

(based on our ID definition) had median ferritin levels above

30 mg/L, in keeping with the WHO guidelines. Although iron

levels may be subject to diurnal variation, [22] samples were

collected during a relatively narrow time period (late morning to

early afternoon) and iron levels were not interpreted in isolation,

rather combined with other iron parameters.

Hepcidin is produced by hepatocytes and is rapidly cleared

from the circulation [23]. Urinary hepcidin levels correlate well

with hepatic hepcidin mRNA [24]. Three hepcidin isoforms

(hepcidin-20, -22 and -25) are excreted in urine with hepcidin-25

and -20 also found in serum [13,23,25]. Only hepcidin-25 has a

dominant role in iron regulation and is measured in mass

spectrometry analyses [13,25]. A strength of this study was the

use of an internal standard, which allowed quantitative assessment

of urinary hepcidin levels, in contrast to previously reported mass-

spectrometry based. Urine testing was chosen in preference to

serum assays as (i) it is less affected by diurnal variation, [13] and

(ii) the non-invasive nature of sampling (which was important

given the high level of past trauma in refugee children).

The role of hepcidin in iron metabolism and hepcidin

regulation is increasingly being defined [5,6,26,27,28]. However,

the majority of data are from in vitro or murine models, and in vivo

Table 4. Adjusted linear regression* analyses for log-hepcidin
levels.

Beta 95% CI SE p-value

Age (years) 20.039 20.109, 0.030 0.350 0.266

Gender (male = 1) 0.454 20.071, 0.979 0.266 0.090

Hematologic parameters

Hemoglobin (g/L) 0.042 0.022, 0.063 0.010 ,0.001

Mean cell volume (fL) 0.110 0.070, 0.150 0.027 ,0.001

Iron (mMol/L) 0.064 0.011, 0.117 0.027 0.018

Log-ferritin 1.295 1.022, 1.569 0.138 ,0.001

Transferrin (mMol/L) 20.117 20.151, 20.082 0.018 ,0.001

Transferrin
saturation (%)

0.063 0.030, 0.096 0.017 ,0.001

IL-6 level (pg/mL) 20.005 20.024, 0.014 0.010 0.587

IL-1b level (pg/mL) 0.019 20.103, 0.142 0.062 0.754

TNFa level (pg/mL) 20.009 20.068, 0.051 0.030 0.770

IFNc level (pg/mL) 20.005 20.020, 0.010 0.007 0.510

Dichotomous clinical parameters (presence = 1; absence = 0)

Anemia 21.282 21.838, 20.725 0.282 ,0.001

Iron deficiency 21.361 22.054, 20.667 0.351 ,0.001

Iron deficiency anemia 22.555 23.323, 21.787 0.388 ,0.001

Hemoglobinopathy
present

20.165 20.753, 0.423 0.297 0.579

H. pylori infection{ 20.214 20.970, 0.542 0.382 0.576

H. pylori seropostivity 0.082 20.508, 0.673 0.298 0.783

Helminth infection 0.072 20.500, 0.644 0.289 0.803

Malaria infection 0.497 20.368, 1.363 0.438 0.258

Predeparture
albendazole

0.281 20.376, 0.939 0.333 0.399

*age and gender adjusted.
{H. pylori infection diagnosed using monoclonal fecal antigen methods.
Beta: Beta co-efficient; IDA: iron deficiency anemia; 95% CI: 95percent
confidence interval; SE: standard error; %: percentage.
doi:10.1371/journal.pone.0004030.t004
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human studies are largely of adult patients with hemaochroma-

tosis, [29,30] hemoglobinopathies, [31,32] chronic renal failure

[33] or infectious/inflammatory disease, [29,34,35,36] where data

cannot be extrapolated to children and/or IDA. ACD in

childhood is usually related to chronic infection (e.g. chronic

osteomyelitis, tuberculosis), or chronic inflammatory conditions

including systemic juvenile arthritis, systemic lupus erythematosus,

inflammatory bowel disease or chronic renal disease [37]. As

occurs in adults, the low serum iron levels seen in children with

ACD are accompanied by iron accumulation in tissue macro-

phages and is thought to be driven by pro-inflammatory cytokines

(IL-1 and IL-6) which up-regulate hepcidin production [37].

In iron loading anemia’s, such as thalassemia and sickle cell

anemia, hepcidin levels are related to iron burden, but are inversely

related to the inefficiency and extent of erythropoiesis[5,6,31,3] .

We demonstrated that hepcidin levels were significantly lower in

African children with IDA and correlated with ferritin levels, but are

unaffected by those with hemoglobinopathy traits.

Inter-relationship between hepcidin, IDA and H. pylori
infection

Hepcidin expression is induced by iron stores, and inflammation

(particularly IL-6) [6,24,28]. It is also down-regulated by hypoxia

and anemia, erythropoiesis [38]. Mediators such as hemojuvelin

and bone morphogenetic proteins are central to hepcidin signaling

pathways [39,40]. In humans, functional mutations of transmem-

brane serine protease 6 gene (TMPRSS6), an inhibitor of hepcidin

expression, result in inappropriately high hepcidin production and

severe and iron-refractory IDA [41].

IDA is an extra-gastrointestinal manifestation of H. pylori

infection, [42] but data on H. pylori-induced IDA are inconsistent

[43,44,45,46]. Potential mechanisms of IDA in H. pylori infection

include sequestration of iron by the bacteria by various binding

proteins and transporters (including lactoferrin [47] and FeoB

[48]), increased gastrointestinal blood loss and/or reduced iron

absorption secondary to chronic gastritis [43]. Our findings

suggest that such a phenomenon is uncommon in African children

who have a high prevalence of both IDA and H. pylori infection,

but show no relationship between the two diagnoses. We found

that anemia was not increased in those with H. pylori infection,

which also showed no relationship with hepcidin, and thus our

data do not support the proposal that hepcidin is the primary

mechanism of H. pylori-induced anemia [8].

The chronicity of H. pylori infection may be important, in

particular the onset of gastritis and/or development of complica-

tions such as peptic ulceration, which cannot be identified by

MFAT [44,49]. However it was considered unethical and

impractical to perform routine endoscopy on asymptomatic

children and we cannot comment further on the relationship

between the severity of gastritis and IDA [46,50]. Moreover, H.

pylori infection in children, in contrast to adults, results in a pre-

dominantly regulatory T-cell response in the gastric mucosa, with

local production of the counter-inflammatory cytokines trans-

forming growth factor and IL-10 [51]. The lack of association

between hepcidin and levels of circulating cytokines, measured by

a high-sensitivity assay, suggest that H. pylori-induced inflammation

does not influence iron status through increased hepcidin

production in childhood. It remains unclear whether a minority

of H. pylori-infected children develop more marked gastric

inflammation, leading to increased pro-inflammatory cytokines,

increased hepcidin production and subsequent refractory IDA

and/or ACD. However, it is unlikely that this is a widespread

mechanism of H. pylori-induced anemia in children, as previously

proposed [8].

Hepcidin and other markers of infection
The relationship between infection, inflammation and hepcidin

(which has in vitro antimicrobial activity) [23] is largely unexplored

Table 5. Comparison of hematological parameters and serum cytokine levels by presence versus absence of (i) H. pylori infection*
and (ii) helminth infection.

VARIABLE H. pylori infection Helminth infection

Positive{ Negative{ p-value Positive1 NegativeØ p-value

Hemoglobin (g/L)6SD 119.6614.9 112.2612.3 0.010 120.9614.2 116.3614.9 0.036

Mean cell volume (fL) (IQR) 80.0 (76.0–84.0) 75.0 (70.5–80.0) 0.001 80.0 (76.0–84.0) 79.0 (73.0–83.0) 0.065

Iron (mmoL/L)6SD 11.965.3 11.664.7 0.814 12.465.2 11.465.1 0.244

Ferritin (mg/L) (IQR) 32.0 (18.0–48.0) 32.0 (17.0–43.0) 0.525 37.5 (22.0–51.7) 28.0 (15.0–41.0) 0.002

Transferrin (mmoL/L) (IQR) 36.0 (33.0–41.0) 37.0 (35.0–39.5) 0.503 36.0 (33.0–40.0) 37.0 (34.0–40.5) 0.294

Transferrin saturation (%)6SD 16.768.1 15.966.8 0.586 17.467.7 16.068.0 0.241

Hepcidin (nmol/mmol Cr) (IQR) 2.2 (0.8–6.2) 3.8 (0.8–5.8) 0.598 2.4 (0.8–5.4) 2.2 (0.8–7.2) 0.669

Eosinophil level (6109/L) (IQR) 0.2 (0.1–0.4) 0.1 (0.05–0.3) 0.085 0.3 (0.1–0.7) 0.1 (0.07–0.2) ,0.001

IgE (kU/L) (IQR) 160.0 (53.5–467.0) 135.5 (29.0–433.2) 0.300 583.5 (312.7–1282.5) 60.0 (27.0–134.0) ,0.001

IL-6 level (pg/mL) (IQR) 14.5 (10.8–24.3) 16.1 (11.4–40.2) 0.262 15.8 (11.3–22.0) 14.5 (10.8–36.4) 0.771

IL-1b level (pg/mL) (IQR) 4.5 (2.9–5.3) 4.8 (2.3–6.5) 0.507 4.8 (3.0–5.6) 4.3 (2.4–5.4) 0.377

TNFa level (pg/mL) (IQR) 9.5 (7.6–11.7) 11.7 (6.9–13.5) 0.163 10.5 (7.6–12.9) 9.0 (7.2–11.7) 0.183

IFNc level (pg/mL) (IQR) 24.8 (8.3–36.4) 17.5 (11.6–33.9) 0.636 23.7 (10.9–40.7) 21.5 (7.2–34.8) 0.299

*H. pylori infection diagnosed using monoclonal fecal antigen methods.
{n = 148 (hemoglobin, MCV, eosinophil, iron, ferritin, transferrin, transferrin saturation), 145 (IgE), 125 (hepcidin), 117 (IL-6, IFNc), 116 (IL-1b), and 110 (TNFa).
{n = 33 (hemoglobin, MCV, iron, ferritin, transferrin, transferrin saturation, eosinophil), 32 (IgE), 22 (hepcidin), 22 (IL-6, IL-1b, IFNc) and 20 (TNFa).
1n = 76 (hemoglobin, MCV, iron, ferritin, transferrin, transferrin saturation, eosinophil, IgE), 69 (hepcidin), 58 (IL-6, IFNc), 57 (IL-1b, TNFa).
Øn = 105 (hemoglobin, MCV, eosinophil, iron, ferritin, transferrin, transferrin saturation), 78 (hepcidin), 102 (IgE), 81 (IL-6, IL-1b, IFNc) and 73 (TNFa).
SD: standard deviation; IQR: interquartile range; %: percent. Parameter estimates represent mean6SD or median and IQR.
doi:10.1371/journal.pone.0004030.t005
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in humans. In response to inflammation, hepcidin down-regulates

duodenal enterocyte iron absorption and macrophage iron release

by binding to ferroportin and inducing its internalization and

degradation, [52] thus decreasing extracellular bacterial access to

iron. It is postulated that bacterial lipopolysaccharide (LPS)

stimulates IL-6 production and thus up-regulates hepcidin release

leading to hypoferremia, [7,52] as reported in human endotoxemia

models [36]. We did not find any association between serum

cytokines and hepcidin levels, [7,34] although our data are cross-

sectional and cytokines have relatively short half-lives in the

circulation, both of which are limitations of this study. In

comparison, a report of two cases with Castleman’s disease

(characterized by chronic IL-6 overproduction) showed reduction

in hepcidin secretion following treatment with anti-IL-6 receptor

antibodies, suggesting that chronic stimulation and/or inflammation

may drive inappropriate hepcidin responses and thus ACD [53,54].

Malaria infection occurred in a minority, but these children had

higher median hepcidin levels than those children with helminth

or H. pylori infection. This may reflect a more marked and acute

inflammatory response in malaria than what is elicited by more

chronic infections. Our malaria cohort was small thus limiting

conclusions, however we demonstrated a non-significant trend for

elevated hepcidin levels to fall following malaria treatment. A

recent larger study of hepcidin and malaria is in agreement with

our findings [55]. Hepcidin may be up-regulated to prevent

parasite access to iron, possibly via the induction of hypoferremia

[52]. In a small study of Ghanan children with acute falciparum

malaria, log-hepcidin levels were associated with log-parasitemia

but not with hemoglobin or anemia [56].

Schistosomiasis, strongyloides, and giardiasis were the main

enteric infections identified, but none influenced either IDA or

hepcidin levels. Ancyclostoma duodenale (hookworm) infection has

been shown to increase the risk of IDA, by increasing

gastrointestinal blood loss [57]. Historically hookworm infection

is prevalent in resettled refugees, [9] however A. duodenale was not

detected in this cohort probably because of empiric anti-

helminthic therapy. It seems unlikely that hookworm will influence

hepcidin production, but the effects of anti-helminthic treatment

on hepcidin may warrant further investigation.

We found no associations between hepcidin secretion and either

circulating cytokine levels or co-morbid gastro-intestinal infections.

This may be related to both the chronicity and lack of sustained

inflammatory response to these infections as opposed to systemic

infections such as falciparum malaria. The low levels of ferritin in

H. pylori infected children, relative to those in children with

malaria, also suggests that chronic infection with H. pylori does not

result in significant or sustained systemic inflammation. The lack

of symptoms in children with H. pylori and helminth infections in

this cohort may also reflect less microbial load, less severe

infections and hence less gastrointestinal and systemic inflamma-

tion, with consequently no relationship observed between these

infections and cytokine and/or urinary hepcidin levels. In

addition, the hepcidin effects on its ferroportin-‘‘receptor’’ are

suggested to be cell- and time specific [58]. Moreover, changes in

hepcidin levels during inflammation and infections are accompa-

nied by cytokines that may also directly influence erythropoiesis

and intestinal iron uptake [59].

Conclusion
This is the largest in vivo study to date to explore the interaction

between inflammation, erythropoiesis, anemia and hepcidin

production. African refugee children resettled in Australia have

a high prevalence of ID and IDA and a high burden of infection.

Children with IDA had strongly down-regulated hepcidin

expression but this was not influenced by co-morbid gastrointes-

tinal infections and did not correlate with increased inflammatory

cytokines. Urinary hepcidin was influenced positively by ferritin

and most other hematologic parameters but negatively correlated

with transferrin levels.

These findings require confirmation in studies in other popula-

tions. Although infections in animal models and adult humans may

be useful in understanding the relationship between inflammation

and hepcidin, the data are not readily extrapolated to natural

infection in children. The burden of infection falls largely on children

in developing countries who often have multiple co-morbidities that

potentially modify hepcidin and iron. Longitudinal studies of IDA

treatment and hepcidin and cytokine responses, together with

investigation of putative intermediate mediators and consideration of

co-morbid infections, are required to further understand further the

role of hepcidin in iron regulation in children.
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Abstract
Aim: Helicobacter pylori (H. pylori) infection is usually acquired in childhood and may adversely

affect growth, although data are inconsistent. This study investigated growth parameters in a

paediatric cohort with a high prevalence of H. pylori and helminth infection.

Methods: A cross-sectional study of African refugee children (<16 years) recruited at their initial

health assessment following resettlement in Australia. Detailed demographic, infection and

anthropometric data were obtained. H. pylori infection was diagnosed by monoclonal faecal antigen

enzyme immunoassay testing (MFAT). Growth restriction was defined as children with any

anthropometric measures below the fifth centile for age and gender.

Results: H. pylori infection was detected in 149/182 (81.9%). Children with H. pylori infection were

older (mean 8.5 years, standard deviation (SD) 4.2 years vs. 5.8 years, SD 4.5 years, p < 0.001). No

gender differences were observed. After adjustment for age, H. pylori did not adversely affect body

mass index or other anthropometric measurements. Helminth infections were common (41.8%) but

not associated with reduced growth or with H. pylori infection.

Conclusion: H. pylori and helminth infections are prevalent in African refugee children but neither is associated

with growth restriction. Longitudinal growth velocity studies are necessary to identify any long-term

consequences of H. pylori on childhood growth.

INTRODUCTION
Helicobacter pylori (H. pylori) infection is generally acquired
at a young age, (1) although the significance of infection
in childhood is controversial. Extra-gastrointestinal associa-
tions, particularly refractory iron deficiency anaemia (IDA),
are recognized (2,3) and there have been suggestions that
H. pylori infection may affect growth, although data are in-
consistent (4–8).

Australia resettles approximately 13 000 humanitarian
refugees annually, of whom 10% are resettled in Western
Australia (WA) and approximately half are children (9).
The majority of resettled refugees are from countries with a
high prevalence of H. pylori, including those of sub-Saharan
Africa (9). Poor nutrition is common in refugee children
and growth may be further compromized by the presence
of H. pylori and/or helminth infections. We conducted a
cross-sectional study to assess the association between H.
pylori and helminth infection and growth in refugee chil-
dren shortly after resettlement.

PATIENTS AND METHODS
Study population and design
A cross-sectional study was conducted at the Migrant Health
Unit (MHU) (Perth, WA, Australia). The MHU is the sole

screening unit for humanitarian refugees resettled in WA
and approximately 80% of targeted refugees in WA receive
an initial health assessment through the MHU (10). African
children (<16 years) who presented for initial health assess-
ment between February and November 2006 were eligible
for inclusion in the study. Routine screening investigations
were performed at the first clinic visit as part of standard
clinical care (11) and stools were collected at the second
visit one week later. Children were excluded from the study
if they had received antibiotics, bismuth or proton-pump
inhibitors in the preceding month or if they had active tu-
berculosis. Ethical approval was obtained from the Women
and Children’s Ethics Committee, Princess Margaret Hospi-
tal for Children, WA. Informed consent was obtained in the
presence of trained interpreters, as appropriate.

Demographic details
Data on age, gender, ethnicity and recent medication details
were obtained at the first visit. Pre-departure anti-helminthic
treatment details were obtained from accompanying migra-
tion documentation.

Helicobacter pylori diagnosis
Fresh faecal samples were obtained from each child and
frozen at −20 ◦C for batch analyses. Active H. pylori infec-
tion was diagnosed by a monoclonal faecal antigen enzyme
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immunoassay (MFAT) (Amplified IDEIATM HpStARTM kits
(Dako, Denmark and Oxoid, Australia)) as previously de-
scribed (12).

Anthropometric analyses
Measurements of weight, height and mid-upper arm circum-
ferences (MUAC) were performed for each child at the initial
consultation by a single investigator. Data were analyzed us-
ing Epi InfoTM software (version 3.3.2, Centers for Disease
Control and Prevention, Atlanta, USA). Growth parameters
(body mass index (BMI), weight for height, height for age,
weight for age, MUAC for age and MUAC for height) were
determined and standardized values (Z-scores) calculated.
Growth restriction was defined as anthropometric measure-
ments below the fifth centile for age and gender, which ap-
proximated to Z-scores of less than 1.64 standard deviations
below age- and gender-corrected norms.

Diagnosis of helminth infection
Helminth infection was defined by the presence of one or
more of the following results: (i) positive serology for schis-
tosomiasis and/or strongyloidiasis, (ii) positive stool mi-
croscopy for ova cysts or parasites of known pathogenic
helminths, (iii) peripheral eosinophilia (≥0.7 × 109/L) or
(iv) raised immunoglobulin E (IgE) levels (>280 kU/L). Pre-
migration administration of albendazole was documented in
80% of children, with the remainder receiving empiric alben-
dazole at the first health assessment visit. Routine faecal mi-
croscopy is undertaken only if there are positive serological
results for schistosoma or strongyloides infection, persisting
peripheral eosinophilia or clinical indications.

Diagnosis of nutritional deficiencies
Full blood count, iron studies and vitamin D levels were
obtained for each child as part of routine screening. IDA
was defined as two or more abnormal iron parameters (iron,
ferritin, transferrin and transferrin saturation) in the context
of anaemia (age- and gender-adjusted values). Vitamin D
deficiency was defined as a vitamin D level <50 nmoL/L.

Statistical analyses
A sample size of 200 children was chosen to assess the preva-
lence of H. pylori in refugee children compared to that of
local children (based on power of 0.8 and alpha 0.05). This
sample size would detect a 15% difference in weight and/or
BMI between H. pylori infected and non-infected children
with 80% power. Data were analyzed using SPSS version
14.0 for Windows (2005 Chicago, IL, USA). In the initial
analyses continuous variables were compared using the in-
dependent t-test or Mann-Whitney test as appropriate. As-
sociations between categorical variables and H. pylori infec-
tion were initially analyzed using the Pearson chi-squared
or Fisher’s exact tests. Statistical significance was set at the
5% level and two-sided p-values were calculated.

RESULTS
Demographics
Of the 201 children recruited, eight were excluded (five re-
ceived antibiotics prior to screening and three were non-
African) and in eleven children MFAT for H. pylori was
not performed. Of the remaining total of 182 children, 89
(48.9%) were female. No child in the study population was
HIV positive. The mean subject age was 8.0 years (standard
deviation (SD) 4.3 years). The main ethnic groups were Su-
danese (33.5%), Burundian (28.6%) and Liberian (12.6%).

Helicobacter pylori infection
In the 182 children in whom MFAT was performed, H. pylori
infection was detected in 149 (81.9%). MFAT gave clear
discrimination between infected and uninfected populations
with no equivocal results (12). Overall, children with H.
pylori infection were older (mean 8.5 years (SD 4.2) versus
5.8 years (SD 4.5), p < 0.001) with no gender differences.

Anthropometric analyses
In the 182 children, median weight, mean height and BMI
was 24.7 kg (IQR 16.5–37.8), 122.5 cm (SD 29.4) and
17.3 kg/m2 (SD 2.5), respectively. Comparison by age for
children with and without growth restriction (defined by a
Z-score for growth parameter(s) less than 1.64 SD below
the norm) was performed. No significant age differences
were observed, with the exception of ‘height for age’ anal-
yses, where children with growth restriction were younger
(6.5 years (SD 4.4) versus 8.5 years (SD 4.2), p = 0.009).

Comparison of growth in children with and without
H. pylori infection (by age strata) showed no differences
apart from those aged 5–10 years, in whom those with
H. pylori infection were heavier (Table 1). Overall, H. py-
lori infection was not associated with growth restriction and
those with H. pylori infection were significantly less likely
to have weight for age and MUAC for height Z-scores in the
lowest centiles (Table 2). Relaxing the definition of growth
restriction to include those with growth <25th centile did
not reveal any adverse relationship with H. pylori infection
(data not shown).

Helminth infection
Seventy-six children (41.8%) had evidence of helminth in-
fection. After adjusting for age and gender, there was no
significant association between H. pylori and helminth in-
fection (odds ratio (OR) 0.99, 95% confidence interval (CI)
0.39–2.50). No difference in IgE or peripheral eosinophilia
counts were demonstrated in children with or without H. py-
lori infection (data not shown). The presence of helminth in-
fections did not adversely affect growth as measured by any
standardized anthropometric variable (data not shown).

Diagnosis of nutritional deficiencies
Twenty five children (13.7%) had evidence of IDA on
screening. Children with IDA were significantly younger
than those with replete iron stores (mean age 6.3 ±
SD 5.0 years versus 8.3 ± SD 4.2 years, p = 0.033). Al-
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Table 1 Comparison of standardized anthropometric variables for children with and without H. pylori infection by age strata

<5 Years 5–10 Years >10 Years

H. pylori + H. pylori − p-value H. pylori + H. pylori − p-value H. pylori + H. pylori − p-value
Variable∗ (mean ± SD) (n = 35) (n = 16) (n = 56) (n = 11) (n = 58) (n = 6)

BMI 0.5 ± 1.5 0.7 ± 1.1 NS 0.1 ± 0.9 −0.9 ± 1.6 0.002 −0.1 ± 0.9 −0.06 ± 0.7 NS
Weight for height 0.3 ± 1.3 0.8 ± 1.5 NS 0.4 ± 0.9 −1.0 ± 1.0 0.002 N/A N/A
Height for age −0.9 ± 1.3 −1.4 ± 1.4 NS −0.4 ± 1.3 −0.7 ± 1.0 NS −0.3 ± 1.4 −1.3 ± 1.2 NS
Weight for age −0.4 ± 1.2 −0.4 ± 1.2 NS −0.2 ± 0.9 −1.0 ± 0.9 0.005 −0.2 ± 0.9 −0.8 ± 0.9 NS
MUAC for height −0.2 ± 1.0 −0.3 ± 1.2 NS −0.3 ± 0.8 −1.4 ± 1.3 0.001 −0.04 ± 1.0 −0.2 ± 0.4 NS
MUAC for age −0.3 ± 0.9 −0.5 ± 1.1 NS N/A N/A N/A N/A

MUAC = mid-upper arm circumference; BMI = body mass index; N/A = not assessed; NS = non-significant.
∗Z-scores for each standardized variable.

Table 2 Proportion of children with growth restriction according to H. pylori
infection status

Children with growth restriction; number (%)

H. pylori infection H. pylori infection
Standardized variable∗ present not present p-value

BMI 9/137 (6.6) 3/26 (11.5) NS
Weight for height 3/62 (4.8) 4/22 (18.2) NS
Height for age 32/149 (21.5) 11/33 (33.3) NS
Weight for age 11/149 (7.4) 8/33 (24.2) 0.009
MUAC for height 6/102 (5.9) 8/29 (27.6) 0.003
MUAC for age 4/34 (11.8) 2/15 (13.3) NS

Note: Growth restriction defined as Z-score less than 1.64 standard deviations
below norm (correlating to <5th centile).
BMI = body mass index; NS = non-significant; MUAC = mid-upper arm
circumference.
∗Age and gender adjusted standardized variable (Epi InfoTM program, version
3.3.2, Centers for Disease Control and Prevention, Atlanta, USA).

most a third of children (54/182) had vitamin D deficiency
with no differences in age demonstrated (mean age 8.5 ± SD
4.5 years versus 7.9 ± SD 4.2 years, p = 0.341). There was
no difference in growth in children with or without IDA or
vitamin D deficiency for any standardized anthropometric
variable (data not shown). IDA was not associated with H.
pylori or helminth infections in this cohort (data not shown).

DISCUSSION
The prevalence of H. pylori infection is high amongst reset-
tled humanitarian refugee children. Our results support the
premise that infection occurs early in life (1,13) and that so-
cioeconomic deprivation is a risk factor for acquisition (14).
Importantly, though our data are cross-sectional, we did not
demonstrate significant restriction of growth in refugee chil-
dren with H. pylori infection. Instead, there appeared to be
a protective effect against growth limitation, particularly in
those aged 5–10 years, which we are unable to fully explain
and may not be biologically relevant. Age stratification was
performed as H. pylori infection increases with age, (12) and
children with H. pylori infection in this cohort were older.

After adjustment for age, refugee children with H. pylori in-
fection were less likely to have growth restriction.

In contrast to previous cross-sectional studies, (15,16) we
did not find significant differences in growth with a less rig-
orous definition of growth restriction (growth parameter(s)
< 25th centile for age and gender). Although we were pow-
ered to detect differences in growth in the entire cohort,
some sub-group analyses may be relatively underpowered
to detect modest effects. Nevertheless, the overall trend was
for children with H. pylori infection to be less likely to ex-
hibit growth restriction.

Data on H. pylori and childhood growth are conflicting
(4–7,15–18). Growth faltering has been observed in Gam-
bian infants with H. pylori infection, but this was not sus-
tained into older childhood when catch-up growth occurred
(4). A subsequent study demonstrated that infants of Gam-
bian women whose breast milk contained anti-H. pylori-
associated vacuolating cytotoxin A (VacA) immunoglobu-
lin A antibodies were protected against early weight loss
(19). VacA itself may pre-dispose the infants to subsequent
enteropathy which may then affect growth. In our study,
H. pylori infection did not adversely influence growth in
refugee children <5 years, who potentially are the most vul-
nerable to the effects of clinically significant infection on
growth. H. pylori virulence factor heterogeneity was not as-
sessed in this study but may also contribute to variable clin-
ical manifestations (20–22).

Although we did not demonstrate an association between
H. pylori infection and growth restriction, we did demon-
strate that younger children were more likely to have lower
height for age. This is thought to be a reflection of the in-
creased vulnerability of the very young to factors interfering
with growth, and their potential to catch up when these
factors are no longer present (4).

Growth is a complex phenomenon with multiple determi-
nants. Our study involved consecutively recruited and un-
selected refugee children. Other studies have focused on
selected groups of children such as those with dyspeptic
symptoms or those requiring endoscopy. It is possible that
symptomatic children with more marked gastric inflamma-
tion may have a higher pre-disposition to reduced growth
due to pain secondary to gastritis or other distal effects. In
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contrast the majority of our cohort were asymptomatic at
the time of recruitment.

A recent study of dyspeptic Turkish children found no
consistent association with H. pylori infection and growth
restriction, but dyspepsia itself appeared to independently
affect growth, possibly because of reduced dietary intake (8).
Pre-settlement nutritional intake data are inherently unre-
liable and were not sought in our study. However refugee
children are often malnourished (23) and are socioeconomi-
cally deprived, both of which have adverse affects on growth
(7). In the refugee population resettled in Australia, nutri-
tional and vitamin deficiencies are common, and our data
supports this premise (24). IDA was not associated with
growth restriction or H. pylori infection in this cohort, which
is in keeping with the conflicting literature (15,17,25).

The use of MFAT to diagnose H. pylori infection was
chosen as it was not feasible or ethical to perform routine
screening endoscopies on the study cohort. MFAT shows
excellent correlation with both and urea breath test- and
endoscopically-diagnosed H. pylori infection, the latter con-
sidered the “gold standard” for diagnosis (26). There is a
strong positive correlation between indirect measures of the
presence of H. pylori and histopathological change (27).
We are therefore confident that children with H. pylori
infection diagnosed by MFAT were infected, rather than
colonized (where risks for nutritional deficits are lower).
Clearly no conclusions can be drawn between the severity of
H. pylori-induced gastritis and growth using indirect non-
invasive diagnostic methods.

H. pylori-induced gastric atrophy may affect the secre-
tion of hormones related to satiety and nutritional status,
namely ghrelin, leptin and gastrin (28). A study of Polish
children and adults demonstrated reduced levels of ghre-
lin and higher basal levels of leptin and gastrin in H. pylori
infected subjects, which is postulated to contribute to dys-
pepsia and anorexia and thus poorer growth (28). We did
not investigate hormonal effects of H. pylori infection in this
study as the published data are inconsistent (28–32).

The prevalence of helminth infection in this cohort was
higher than previously reported (10). Despite widespread
pre-departure anti-helminthic treatment, our data are likely
to be more accurate due to inclusion of surrogate helminth
markers. Serum IgE levels and peripheral eosinophilia were
highly correlated with helminth infection, but were not as-
sociated with H. pylori infection. It has been suggested that
H. pylori-induced hypochloridia pre-disposes children in de-
veloping countries to further enteric infections, which in
turn may contribute to both micronutrient deficiencies and
growth failure (33). Our data do not support this hypothe-
sis. Helminth infection per se was also not associated with
growth restriction in this cohort. Similar results have been
reported in a cross-sectional study of Amerindians, in which
neither H. pylori or helminths significantly affected growth
parameters (34).

Longitudinal assessments of growth were not undertaken
in this study but may be of more clinical relevance partic-
ularly in refugee or disadvantaged children. Hence, we are
only able to report associations rather than direct effects

on growth velocity. Some studies report reduced growth ve-
locity in H. pylori infected children, (5,18) although this
is not a consistent finding (17). Recent resettlement in a
developed country also introduces a number of other fac-
tors (e.g. food availability, change in diet and psychological
issues such as post-traumatic stress disorder) that may be
important determinants of growth and nutrition in refugee
children. These factors should be addressed in longitudinal
studies that can also investigate whether H. pylori eradica-
tion affects growth.

CONCLUSION
The prevalence of both H. pylori and helminth infection in
African refugee children is high but neither was associated
with growth restriction in this cohort. Other issues such as
heterogeneity in H. pylori virulence factors, psychological
trauma, socio-economic determinants and nutritional depri-
vation may also influence growth of refugee children inde-
pendently of H. pylori infection. As spontaneous eradication
of H. pylori is rare, longitudinal studies should address all
potential contributory factors to identify any significant ef-
fect of H. pylori infection on growth in childhood.
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the Middle East and sub-Saharan Africa.1

The Australian Government requires that refugees
ered for migration to Australia undergo a health asse
being issued with a visa. This assessment includes
HIV infection in those aged 15 years or over, a
tuberculosis infection (including a chest radiograph) 
than 11 years.2 An additional “fitness-to-fly” pre-dep
MJA • Volume 190 Num
ABSTRACT

• About 13 000 refugees are currently accepted for migration 
into Australia each year, many of whom have spent protracted 
periods living in extremely disadvantaged circumstances. 
As a result, medical practitioners are increasingly managing 
recently arrived refugees with acute and chronic infectious 
diseases.

• The Australasian Society for Infectious Diseases has 
formulated guidelines for the diagnosis, management and 
prevention of infection in newly arrived refugees. This article 
is an abridged version of the guidelines, which are available 
in full at <http://www.asid.net.au>.

• All refugees should be offered a comprehensive health 
assessment, ideally within 1 month of arrival in Australia, that 
includes screening for and treatment of tuberculosis, malaria, 
blood-borne viral infections, schistosomiasis, helminth 
infection, sexually transmitted infections, and other infections 
(eg, Helicobacter pylori) as indicated by clinical assessment; 
and assessment of immunisation status, and catch-up 
immunisations where appropriate.

• The assessment can be undertaken by a general practitioner 
or within a multidisciplinary refugee health clinic, with use 
of an appropriate interpreter when required. The initial 
assessment should take place over at least two visits: the first 
for initial assessment and investigation and the second for 

MJA 2009; 190: 421–425
review of results and treatment or referral.
us
Un
geA
 tralia and New Zealand have obligations under the 1951

ited Nations Convention relating to the Status of Refu-
es and the 1967 Protocol Relating to the Status of

Refugees to assist in the relocation of individuals who are unable to
remain in their country of origin. Currently, about 13 000 refugees
migrate to Australia each year,1 with priority regions for individu-
als needing resettlement including southern and South-East Asia,

 being consid-
ssment before
 screening for
nd for active
in those older
arture assess-

ment is usually performed shortly before travelling to Australia.
Testing for and treatment of malaria and empiric treatment for
helminth infection have recently been added to the fitness-to-fly
assessment for many sub-Saharan African refugees. However, as
refugees bear a disproportionate burden from other acute and
chronic infectious diseases that may be undiagnosed or untreated
at the time of arrival in Australia,3-5 timely post-arrival screening
for infectious diseases and other common conditions in all refu-
gees is essential, to ensure not only the health of each refugee but
also the public health of the broader Australian community.

In recent years, migrant and refugee health service providers
have noted an increase in the number and variety of infectious
diseases in newly arrived refugees, particularly in those from sub-
Saharan Africa.3-5 These infections are often unfamiliar to local

medical practitioners, as many are not endemic to Australia. This
has led to a degree of uncertainty and concern among refugees,
health care providers and the wider community. How should we
screen for infection in refugees? Which tests should be performed?
What should we do with the results? What about catch-up
immunisations? The states and territories have developed their

1 Key general recommendations

• All refugees should be offered a comprehensive health 
assessment, ideally within 1 month of arrival in Australia. 
This should include:

screening for and treatment of tuberculosis, malaria, blood-
borne viral infections, schistosomiasis, helminth infection, and 
sexually transmitted infections;
testing for and treatment of other infections (eg, Helicobacter 
pylori) as indicated by clinical assessment; and
assessment of immunisation status, and catch-up immunisations 
where appropriate.

• The assessment can be undertaken by a general practitioner or 
within a multidisciplinary refugee health clinic.

• An appropriate interpreter should be used when required.

• The initial assessment should take place over at least two visits: 
the first for initial assessment and investigation and the second 
for review of results and treatment or referral.

• Psychological, dental, nutritional, reproductive and 
developmental health issues (which are beyond the scope of 
these guidelines) should also be addressed at the post-arrival 
health assessment. ◆

* Other members of the Writing Group were Meredith Hansen-Knarhoi, Vicki 
Krause, Beverley-Ann Biggs, Christopher Lemoh, Jill Benson, Sarah Cherian, 
Jim Buttery and Georgia Paxton.
A working group determined a list of priority conditions and issues to be 
included in the guidelines, and 11 members were assigned section-writing 
responsibilities. First drafts of each section were internally reviewed and 
revised; second drafts were externally reviewed by seven experts in relevant 
fields, returned to section authors and compiled into a single document, 
with a recommendation table. The draft was circulated to stakeholders (the 
Communicable Diseases Network Australia [CDNA] and the Australasian 
Chapter of Sexual Health Medicine [AChSHM] of the Royal Australasian 
College of Physicians) and to all members of the Australasian Society for 
Infectious Diseases (ASID) for review. Comments from stakeholders were 
returned to authors, and the final document was prepared and endorsed by 
ASID, CDNA, the National Tuberculosis Advisory Committee and AChSHM. ◆
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2 Summary of recommendations for the diagnosis, treatment and prevention of common infections in recently 
arrived refugees*

sAg = surface antigen. sAb = surface antibody. cAb = core antibody. eAg = e antigen. 
* Treatment recommendations graded according to National Health and Medical Research Council (NHMRC) levels of evidence.9 ◆

 Tuberculosis

Recommended screening test: Mantoux test or interferon-� 
release assay

If positive:

• Refer to local tuberculosis (TB) service for exclusion of active TB 
infection and/or consideration of treatment of latent TB infection 
(Level I)

 Malaria

Recommended screening test: malaria thick and thin blood films and 
Plasmodium falciparum antigen test

If positive:

• Discuss urgently with local infectious disease service and refer for 
treatment

 Blood-borne viral infections

Recommended screening test: HIV serology

If positive:

• Refer to local HIV service

• Advise of transmission risk

• Ensure TB screening has been performed

• Ensure screening for other blood-borne viruses has been 
performed

Recommended screening test: hepatitis B (HB) serology (sAg/sAb/cAb)

If HBsAg positive:

• Request HBeAg and liver function tests (LFTs)

• If HBeAg positive OR LFT results abnormal, refer to local viral 
hepatitis management service

• Advise of transmission risk

• Immunise all non-immune household contacts

Recommended screening test: hepatitis C serology

If positive:

• Request LFTs and hepatitis C virus (HCV) RNA (qualitative)

• Advise of transmission risk

• If LFT results abnormal AND/OR HCV RNA detected, refer to local 
viral hepatitis management service

 Sexually transmitted infections

Recommended screening test: syphilis serology

If positive:

• Review history, including previous treatment

• Treat as per local guidelines

• Discuss cases of all children with positive serological test results for 
syphilis with paediatric infectious disease service

Recommended screening test: nucleic acid detection test for 
Chlamydia trachomatis and Neisseria gonorrhoeae

All adults and others who are sexually active or may have been sexually 
assaulted should be screened for chlamydia and gonorrhoea infection on 
first-void urine

 Helminth infection

Recommended screening test: Strongyloides serology

If positive:

• Ivermectin 200 μg/kg orally as a single dose, repeated 14 days 
after first dose (Level II)

• If patient is aged < 5 years, do not give ivermectin; refer to 
paediatric infectious disease service

Recommended screening test: full blood count (FBC) and/or 
faeces microscopy

If faeces readily obtainable OR symptoms present, faeces 
microscopy should be followed by directed treatment

If faeces not readily obtainable AND patient is asymptomatic:

• If no documented pre-departure albendazole therapy:

Empiric single-dose albendazole (patient � 10 kg, 200 mg; 
> 10 kg, 400 mg) (Level I)

Repeat FBC in 8 weeks; if eosinophilia still present, 
investigate further or specialist referral

• If documented pre-departure albendazole therapy:

No eosinophilia: no further treatment or follow-up

Eosinophilia: repeat FBC in 8 weeks — if eosinophilia still 
present, investigate further or specialist referral

 Schistosomiasis

Recommended screening test: schistosomiasis serology

If positive:

• Praziquantel 20 mg/kg, two doses 4 hours apart (Level I) 
(30 mg/kg if patient is from South-East Asia) (Level II)

• Obtain stool and urine for ova examination

• Refer patients with chronic liver disease (including viral 
hepatitis), symptoms or signs for further assessment

 Other infections that may be detected at the health 
assessment — indications for testing

Helicobacter pylori infection

Adults with suspected peptic ulcer disease (based on symptoms):

• Non-invasive tests for H. pylori infection (eg, stool antigen test 
or urea breath test)

• If positive, treat as per current guidelines

Children with anorexia, poor weight gain or failure to thrive should 
be referred to a paediatric refugee health service for assessment

Uncommon infections (eg, filariasis, tungiasis)

Discussion with or referral to an adult or paediatric infectious 
disease specialist is recommended

 Immunisation

Catch-up immunisations for all ages in accordance with the 
Australian Standard Immunisation Schedule, unless there is written 
evidence of adequate immunisation; serological tests to detect 
existing immunity are not recommended
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own responses to these challenges, with approaches varying from
no or limited screening to comprehensive screening for both
common and rarer infections.3-7

In late 2005, the Communicable Diseases Network Australia
(CDNA) asked the Australasian Society for Infectious Diseases
(ASID) to formulate guidelines for the screening, treatment and
prevention of infections in recently arrived sub-Saharan African
refugees, with the aim of providing practical assistance to general
practitioners and others who provide health care services to this
population (see footnote on page 421 for details of the guideline
development process). Here, we summarise the major recommen-
dations of these guidelines, which are available in full on the ASID
website at <http://www.asid.net.au>.8 Treatment recommendations
have been graded according to National Health and Medical
Research Council (NHMRC) levels of evidence.9

Although the guidelines were originally written for refugees
originating from sub-Saharan Africa, many of the recommenda-
tions will apply to refugees from other regions. Each section of the
guidelines includes a discussion of issues specific to refugee
children. The guidelines have been endorsed by the CDNA, the
National Tuberculosis Advisory Committee, and the Australasian
Chapter of Sexual Health Medicine of the Royal Australasian
College of Physicians.

The key general recommendations of the guidelines are shown
in Box 1, and a summary of recommendations for testing for and
treatment of common infections in refugees is provided in Box 2.
More detailed recommendations for some of the most commonly
encountered infections are shown in Box 3 (tuberculosis, malaria
and schistosomiasis) and Box 4 (blood-borne viral infections [HIV,
hepatitis B and hepatitis C] and sexually transmitted infections).
Wherever possible, treatment recommendations are based on
published evidence; however, there is a clear need for further
research to develop a broader evidence base to underpin the
management of the complex health needs of refugees.

Newly arrived refugees have been through significant turmoil
and upheaval. Therefore, post-arrival health assessments must be
sensitive to their feelings of cultural disorientation, vulnerability
and sometimes fear and mistrust of authorities. We have recom-
mended a screening approach that can be performed by a single
venepuncture (see Box 2), avoiding multiple blood tests and
routine collection of other specimens wherever possible. We
believe that the guidelines strike a balance between identifying
important and treatable infections and overinvestigation.

These guidelines focus on infectious diseases. However, assess-
ment for infectious diseases is only one component of a compre-
hensive overall assessment that should also address psychological
health, nutritional status, sexual and reproductive health, dental
health, chronic disease, cancer screening, and childhood growth
and development. We refer readers to other recent Australian
publications for advice regarding these important issues,6,7,26,27

which are beyond the scope of these guidelines.
It is important to note that unless the granting of an individual’s

visa was contingent on a specific health undertaking, assessment
and screening is offered on a voluntary basis and following
informed consent. Refugee health assessments should always be
undertaken with an interpreter, either in person or by telephone.
The interpreter should not be related to the patient, and the need
for confidentiality should be emphasised. The Australian Govern-
ment provides the Translating and Interpreting Service (TIS) for
people who do not speak English and for those who need to

3 Detailed recommendations for tuberculosis, malaria 
and schistosomiasis*

 Tuberculosis (TB)

With the exception of those with documented past TB disease, all 
newly arrived refugees, including children, should be assessed for 
latent TB infection (LTBI), with the following plan:

• Testing is performed with the intention to treat.10

• Either a Mantoux test or a blood-based interferon-γ  release assay 
(IGRA) may be used for screening.11,12

• A Mantoux test result � 10 mm in adults and children � 5 years of 
age and � 5 mm in those younger than 5 years or those who are 
HIV-infected is considered positive.

• Refer those with a positive Mantoux test or blood-based IGRA 
result to local TB service for exclusion of active TB infection and 
consideration of treatment of LTBI.13 (Level I)

• Refugees known to be HIV-infected should have a two-step 
Mantoux test. If the second test result remains < 5 mm, specialist 
advice should be sought from TB/HIV services.

• TB (active disease or latent infection) should be managed by 
clinicians experienced in doing so as part of a centralised, 
coordinated TB service.

 Malaria

• All refugees, including those who have had documented testing 
and/or treatment for malaria at the time of pre-departure 
assessment,14 should be tested for malaria after arrival in Australia 
(except those who have never resided in or travelled through a 
region where malaria occurs).

• Testing should be performed both by thick and thin blood films 
AND an antigen-based rapid detection test.15

• All cases of malaria should be treated by or in consultation with a 
specialist infectious disease service.

• Falciparum malaria in adults resettled in malaria non-receptive 
areas of Australia may be treated in the outpatient setting if the 
following criteria are satisfied: asymptomatic or minimally 
symptomatic, not pregnant, and no indicators of severe malaria 
(altered consciousness, jaundice, oliguria, severe anaemia or 
hypoglycaemia, parasite count > 100 000/μL or > 2%, or patient is 
vomiting or acidotic).16 (Level IV)

• Cases of malaria in children should be urgently discussed with a 
paediatric infectious disease service.17

 Schistosomiasis

• Serological tests for schistosomiasis should be performed for all 
recently arrived African and South-East Asian refugees.18,19

• Those with negative results of serological tests do not require 
further investigation.

• Those with positive results of serological tests should be treated 
presumptively:

Praziquantel 40 mg/kg in two doses of 20 mg/kg, 4 hours apart 
for refugees from Africa.20-22 (Level I)
Praziquantel 60 mg/kg in two doses of 30 mg/kg, 4 hours apart 
for refugees from South-East Asia.23 (Level II)

• Those with positive results of serological tests should also have 
faeces and urine examined for schistosoma ova to determine if 
further follow-up is required (refer to full guidelines8 for details).

* Treatment recommendations graded according to National Health and 
Medical Research Council (NHMRC) levels of evidence.9 ◆
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communicate with them. This service is available free of charge to
practitioners who provide a Medicare service within a private
practice to permanent residents or citizens who do not speak
English. The service is also available within hospitals or govern-
ment-funded clinics, but must be paid for in these settings. The
TIS Doctors Priority Line (tel: 1300 131 450) should be used to
access this service.
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