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ABSTRACT 

Mastitis during lactation is a severe illness and approximately one in five breastfeeding 

women in Australia suffer at least one episode in the first 3-6 months post partum. 

Despite this, there is little understanding of the physiological and pathological 

processes occurring before, during and following mastitis. 

In this study 26 women who, on the basis of my previous research, were assessed to be 

at risk for developing mastitis, were recruited during the first week post partum and 

followed prospectively throughout the course of their lactation. Breastmilk, and 24 hour 

urine samples were collected at Days 5, 14, 30, 60 and 90 post partum and blood was 

collected at Days 5 and 14 post partum. If participants experienced inflammation of the 

breast at any time, either during the 90 day reference sampling period or later in their 

lactation, samples were then collected daily for the duration of symptoms and then, as a 

follow up, again one week following resolution of symptoms. Breastmilk samples were 

analysed for a range of biochemical components that reflect immunological (sIgA, 

lactoferrin) and acute phase (C-reactive protein) response, synthetic activity (lactose, 

glucose), and permeability of the paracellular pathway (sodium, chloride, lactose and 

serum albumin) within the breast. Blood and 24 hour urine samples were analysed for 

lactose, and blood was also analysed for C-reactive protein (CRP). Bacteriological 

examination of milk samples was undertaken where clinical mastitis was present. 

Results from these analyses were compared to the severity of breast and systemic 

symptoms experienced. 

Twenty-two episodes of mastitis and 13 episodes of blocked duct(s) were identified 

during the study period. When adjusted for co-existing breast pathology milk 

composition in the breast affected by blocked duct(s) was generally not different from 

that of healthy breasts. One mother, who was IgA deficient, experienced six of the 13 

episodes of blocked duct(s). It is possible that the absence of sIgA in the milk of this 

mother increased her susceptibility to inflammation of the breast. 

During mastitis there was a significant increase in sodium, chloride, and serum albumin 

to a median concentration of 23 mmol/l; (p<0.001); 30 mmol/l; (p<0.001) and 0.8g/l; 

(p<0.001) respectively, and a decrease in the median concentration of lactose in milk to 

152mmol/l; (p<0.016) from the mastitis breast when compared to the contralateral 

asymptomatic breast. Increased permeability of the paracellular pathway was confirmed 

by a significant increase in the median daily excretion of lactose in urine to 7.5 
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mmol/24hour (p<0.001). The rate of excretion of lactose in urine over a 24 hour period 

proved to be, not only a reliable means of assessing breast permeability, but also 

allowed the researcher to discern whether milk sampled from the breast affected was 

representative of milk at the site of the inflammation. The changes in lactose in urine 

were generally consistent with the changes in sodium, chloride and lactose in milk 

confirming milk expressed for sample analysis was representative of milk from the site 

of the inflammation. However, in one episode of blocked duct(s), where the 

concentrations of sodium, chloride and lactose in milk remained within normal range, in 

the presence of an increased excretion of lactose in the urine, it was concluded that milk 

was not obtained from the affected lobe of the breast. 

The concentration of CRP in milk was, for the first time, used as a measure of the acute 

phase response within the breast. It was found to be below the level of detection in 

healthy breasts. The concentration of CRP was increased significantly in milk from both 

the mastitis breast (range from below the level of detection to 5.2 mg/l) and the 

contralateral asymptomatic breast (range from below the level of detection to 4.77 

mg/l). The concentrations of CRP in milk were very low and within a narrow range 

compared with the concentrations observed in blood (range from 7 to 316mg/l). The 

concentration of CRP in blood for the two S. aureus episodes identified was variable 

(55mg/l and 145mg/l) when compared to the mean (+SD) CRP for the non-infective 

episodes (68+51mg/l). Bacteriology on the non-infective episodes often showed higher 

counts (103 to 105 cfu/ml) of coagulase-negative staphylococci and Strep. viridans in the 

affected breast than the contralateral asymptomatic breast. 

Hyperacute systemic symptoms and inflammation of the whole breast were shown to 

have a significant effect on milk synthesis and breast defence as there was a sharp 

decrease in the concentration of glucose in milk and an increase in the concentrations of 

lactoferrin and sIgA. As the percentage of lactose excreted in urine (2.8%) did not 

account for the estimated decrease in the amount of lactose in milk over a 24 hour 

period (7.1%) it was concluded that there was a decrease in lactose synthesis combined 

with a loss of lactose via the paracellular pathway. The changes observed during 

mastitis had returned to within normal range at seven days post resolution of symptoms. 

There were several inconsistencies identified that did not fit the model for increased 

permeability of the paracellular pathway during mastitis, namely the concentrations of 

glucose, serum albumin and CRP in milk. This suggests that the accepted view of the 
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passage of milk components and serum-derived products through this pathway at times 

of increased permeability may have been oversimplified. 

The prospective nature of this study enabled the identification and examination of the 

effects of other breast pathologies on milk composition. When each pathology was 

adjusted for co-existing pathologies and stage of lactation it was found that variations 

in the onset of lactogenesis II, nipple trauma, perceived oversupply and low supply all 

resulted in significant changes in milk composition. There was a significant increase in 

the concentration of sodium and a decrease in the concentration of lactose in milk 

during oversupply, low supply and nipple trauma with variable changes in other milk 

components also observed. These findings have implications for both the identification 

of normal milk composition and the use of the term subclinical mastitis. 

Recruiting women who presented with known risk factors for mastitis provided a very 

accurate prediction of mothers who would develop mastitis, with an incidence rate of 

54% of women in the study cohort developing at least one episode of mastitis. This 

demonstrates the importance of counselling mothers with known risk factors for 

mastitis in strategies that can be undertaken to prevent this significant problem. 
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PATHOLOGY AND PHYSIOLOGY OF MASTITIS IN LACTATING WOMEN 

A REVIEW OF THE LITERATURE 

 

1.1 INTRODUCTION 

Mastitis is a significant problem for many lactating women. Despite this, our 

understanding of the physiological and pathological processes involved in its 

development remains limited. Women with mastitis experience symptoms that include 

pyrexia, systemic flu-like symptoms and a localised inflammation of the breast. The 

pyrexia and flu-like symptoms are often sudden in their onset and vary in severity with 

women reporting duration of symptoms ranging from 1 to 12 days (Fetherston, 1997a). 

In very severe cases sequelae such as abscess and septicemia may occur, although with 

more comprehensive and appropriate advice being given by health professionals, 

regarding effective treatment regimes, these outcomes are now much less evident than 

in previous years (Fetherston, 1997a; Vogel et al., 1999). 

However, despite increased widespread knowledge of currently accepted prevention 

and treatment regimes for mastitis the incidence remains high (Fetherston, 1997b). 

Prospective studies conducted recently have reported high incidence rates for mastitis. 

In studies from Australia, one reported an incidence rate of 20.6% for women suffering 

either one or more episodes of mastitis in the first three months post partum 

(Fetherston, 1997a) and another reported an estimated crude incidence of 20% for 

women with mastitis in the first six months after delivery (Kinlay et al. 1998). A New 

Zealand study also found similar rates with 23.7% of women suffering one or more 

episodes of mastitis within the first 12 months post partum (Vogel et al. 1999). These 

findings are supported by earlier retrospective, descriptive studies in Sweden and the 

USA which identified incidence rates of 24% over the first 12 weeks post partum 

(Jonsson and Pulkinnen, 1994) and 33% over the entire history of the mother’s 

lactation (Riordin and Nichols, 1990), respectively The most recent prospective study, 

from the USA (Foxman et al., 2002), shows a much lower incidence rate of 9.5% over 

the first three months partum. Variation in population, case definition, and perhaps the 

increased awareness of risk factors and improved breastfeeding practices over recent 

years may have influenced this decline in incidence. Nevertheless, an incidence in 
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prospective studies, of between 10 and 24%, demonstrates that mastitis is a common 

problem in Western populations. 

Obviously there is still a great deal more to learn to successfully prevent mastitis and 

its associated negative outcomes for the breastfeeding mother and her baby. Research 

into mastitis in women is in its infancy when compared to the research undertaken into 

mastitis in the dairy industry. The estimated loss to dairy producers from mastitis in the 

late 1980’s was approximately $2 billion dollars in the USA alone (National Mastitis 

Council, 1987). Such large economic losses have provided impetus to the research 

conducted into mastitis in cows. This is evidenced by the development of experimental 

vaccines against bovine mastitis and research using recombinant cytokine therapy. The 

question "Mastitis: physiology or pathology?" was the name of a five day international 

conference held in 1990 in Ghent, Belgium that was devoted solely to the pathogenesis 

of bovine mastitis. The title of the conference sought to recognise that inflammation of 

the udder can be a normal physiological response to maintain udder health and not just 

a manifestation of disease (Bramley, 1990).  

Mastitis, although obviously a significant problem in dairy cows, has a comparatively 

low incidence in domestic mammals that suckle their young, such as pigs, sheep and 

beef cattle (Hungerford, 1990). Dairy cows have been selectively bred for abnormally 

large glands that produce increasingly large amounts of milk. Furthermore dairy cows 

are milked with much less frequency than a suckling calf would feed from its mother, 

contributing to possible milk stasis. Dairy cows are also vulnerable to infection and 

trauma by means of their environment and the process of milking. Western women do 

not conform to the incidence of mastitis in other suckling mammals but unexpectedly 

demonstrate an incidence similar to that seen in dairy cows. There remain many 

unanswered questions about the etiology of mastitis in women. It is often unclear 

whether mastitis results from a pathological response to trauma and microbial invasion, 

or whether some mastitis is due to a normal physiological response occurring in an 

attempt to restore breast health after common breastfeeding events such as trauma from 

suckling and blocked duct(s) resulting from milk stasis. It is also unclear what role 

sociological changes in birthing and breastfeeding practices, might play in the high 

incidence of mastitis that is seen in Western women today. 
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In seeking knowledge regarding optimal clinical practice in the prevention and 

treatment of mastitis in women it is essential that we first understand the physiological 

responses of the lactating breast during inflammation. There remains, however, a 

paucity of scientific research into anatomical and physiological determinants for 

mastitis in women and little is known about the physiological changes occurring in the 

breast as a result of mastitis. Therefore "physiology or pathology?" remains a relevant 

and an important question for researchers who seek to further knowledge of mastitis in 

lactating women. As the normal anatomy and physiology of the breast is covered in 

depth elsewhere (Lawrence and Lawrence, 1999) this review will concentrate on the 

anatomical and physiological aspects influencing the pathology associated with 

mastitis. 

 

1.2 NON-INFECTIVE MASTITIS 

Non-infective (inflammatory) mastitis occurs with the obstruction of milk drainage 

from the breast. This may be related to either blocked duct(s), engorgement or physical 

injury to the breast, all of which can result in a local inflammatory response occurring 

at the site affected (Fetherston, 1998). Clinically, both local and systemic symptoms 

associated with non-infective forms of mastitis may present in a similar manner to 

those symptoms seen in infective mastitis. The diagnostic difficulties this presents are 

discussed later in the chapter. 

 

1.3 INFECTIVE MASTITIS 

In previous years researchers used the term mastitis exclusively to mean breast 

infection (Marshall et al., 1975; Matheson et al., 1988; Lawrence and Lawrence, 1999) 

but currently many authors seek to differentiate between infective and non-infective 

mastitis (Brodribb, 1998; Inch and Fisher, 1995; Thomsen et al., 1984). 

In infective mastitis the route of entry for microorganisms has been cited as either (i) 

retrograde, through either a milk duct or a traumatised nipple, (ii) from the prelacteal 

lymphatics or (iii) by haematogenous spread (Lawrence and Lawrence, 1999). 

Tuberculosis mastitis has been reported (Gupta et al., 1982; Leleu et al., 1997) 

however, in the absence of systemic pathology, infection of the mammary gland by 
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routes (ii) and (iii) is likely to be uncommon in Australia and other Western countries. 

Therefore the most common portal of entry for infection in women with mastitis is 

assumed to be through the nipple pores into the milk duct(s).  

Injury to the nipple has been shown to result in an increased risk for mastitis in women 

(Livingstone and Stringer, 1999). The integrity of the nipple can be compromised by 

trauma during early breastfeeding when attachment difficulties may be experienced by 

mothers. This provides a portal of entry for infection while mothers are still 

hospitalised and at risk to nosocomial infections such as Staphylococcus aureus (S. 

aureus). Indeed, S. aureus has been found to be the predominant infecting organism in 

mastitis although other species such as βHemolytic streptococci, Streptococcus faecalis 

and Eschericha coli have also been identified (Thomsen et al., 1984). Once 

colonization of the nipple with pathogenic microorganisms occurs normal breast 

physiology may assist microbial access to the internal breast. Ramsey et al. (2004) 

have shown using ultrasound, that during a breastfeed, milk ejection is transitory and 

the milk let down in the breast not being fed from, flushes back into the breast in a 

retrograde fashion. This may provide a vehicle for microbes present at the nipple pores 

to be swept back into the ductal system of the breast.  

Due to the increased risk from nosocomial infections it is not surprising that the highest 

proportion of mastitis episodes occur in the first few weeks post partum where hospital 

births are the norm (Fig. 1.1) (Devereux, 1970; Matheson et al., 1988; Fetherston, 

1998). No studies were found that reported the incidence of mastitis in mothers who 

gave birth outside either a hospital or a birthing center environment.  
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Figure 1.1: Number of mastitis episodes experienced in the first twelve weeks post partum (Reprinted 

from Fetherston (1997a) with permission from Australian Breastfeeding Association) 

 

 

1.4. DEFENCE MECHANISMS OF THE BREAST AGAINST MICROBIAL 

INVASION 

In addition to nipple integrity the natural flushing mechanism associated with milk 

removal provides a natural defence mechanism in the prevention of infection. 

However, bacteria can resist the flushing mechanism of breast milk by adherence to the 

epithelial cells lining the duct(s) and nipple pores. Adherence can be facilitated by the 

sluggish movement of milk present in blocked duct(s) and during engorgement as well 

as by the utilisation of proteins as substrates for adhesion. Adherence to either host 

mucous membranes or injured and damaged tissues is linked to bacterial cell receptors 

for binding sites on the fibronectin molecule (Hasty et al., 1989). Fibronectin is a 

glycoprotein, which mediates cell substrate adhesion and has binding sites for many 

staphylococci  (Kuusela, 1978; Maxe et al., 1986) and streptococci (Kuusela et al., 

1985). It is also suggested that other matrix proteins such as collagen and fibrinogen, 

either by themselves or in synergy with fibronectin, act as substrates for adhesion 
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(Vercelloti et al., 1985; Nelson et al., 1991; Cifrian et al., 1994). As these proteins may 

present themselves through either microlesions or blood clots, trauma to the nipple 

either alone or in conjunction with milk stasis may provide an ideal environment for 

the adhesion of bacteria to the ductal epithelia.  

Frequent removal of milk is an effective treatment for mastitis if commenced soon after 

the first indications of inflammation occur. This suggests that adhesion may not play as 

significant a role in breast infection as in the gastrointestinal tract. In this connection, 

human milk contains a number of anti-adhesive molecules, such as secretory 

immunoglobulin A (sIgA), glycoproteins, glycolipids, mucins and oligosaccharides. 

These components have been shown to function as competitive inhibitors for the 

adhesion of bacterial pathogens to epithelial receptors (Holmgren et al., 1986; 

Svanborg et al., 1991; Peterson, et al., 1998). Their relevance is usually discussed in 

relation to protection of the neonate (Newman, 1995; Hamosh, 1998) however their 

potential role in protecting the mammary gland should also be considered.  

The role of colostrum, milk and involution secretion in defence of the breast is 

extremely complex. Lactation secretions contain an array of immunomodulators and 

anti-inflammatory factors, primed with the potential to maintain breast function and 

protect against infection and injury. Soluble, non-cellular defence factors in milk, are 

divided into specific and non-specific components. They have the capacity to work 

both independently and synergistically with one other, and with the cellular 

components in milk, to enact an immune response that will provide protection to the 

mammary gland.  
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1.4.1 Non-Specific Defence. 

Lactoferrin, lysosyme and the lactoperoxidase-thiocyanate-hydrogen peroxide system 

are examples of non-specific defence of the mammary gland. Lactoferrin is a metal 

binding glycoprotein present in much higher concentrations in milk than other mucosal 

fluids. A high concentration of lactoferrin is also found within the specific granules of 

neutrophils and is released during an inflammatory response (Lonnerdal and Iyer, 

1995). Consequently lactoferrin is potentially able to provide bacteriostatic activity 

within the milk compartment. In human milk, it is present in its unsaturated form and 

has been shown to have bacteriostatic effects against Staphylococcus and Bacillus 

strains (Orem and Reiter, 1968), E. coli (Bullen et al., 1972; Rainard, 1986) and 

Candida albicans (Arnold et al., 1977). Lactoferrin contributes to host defence by the 

sequestering of iron, which is required for microbial growth, and by enhancing the 

function of phagocytic cells. Bactericidal functions have also been shown against 

gram-negative bacteria where lactoferrin directly damages the outer membrane of the 

cell wall by causing lipopolysaccharide release that results in permeability changes and 

cell death (Ellison, 1994). It has been reported that lactoferrin also protects the 

mammary gland against the effects of inflammation by its control of the release of pro-

inflammatory cytokines, such as Interleukin-1 (IL-1), IL-6 and tumour necrosing 

factor-alpha (TNF-α) (Crouch et al., 1992; Hanson et al., 1995), inhibition of the 

complement system and by reducing the effect of free radical release (Britigan et al., 

1994). A synergistic effect against a milk sensitive strain of E. coli has also been 

demonstrated in vitro for lactoferrin when in the presence of immunoglobulin A (IgA) 

(Spik et al., 1978; Atkin et al., 1994). 

The enzyme, lysosyme, exerts bactericidal effects through lysis of peptidoglycans in 

the cell wall of Gram-positive bacteria and the outer membrane of Gram-negative 

bacteria (Lonnerdal, 1985). It is present in human milk at a concentration of 300 times 

that of cows milk (Chandan et al., 1968) and has been shown to increase in 

concentration around six months post partum (Goldman et al., 1982). Cows with low 

levels of lysosyme are more susceptible to mastitis (Nickerson, 1985). 

The lactoperoxidase-thiocyanate-hydrogen peroxide system, which is bacteriostatic for 

Gram-positive bacteria such as S. aureus and streptococci and bactericidal for Gram-

negative bacteria such as coliforms (Outteridge and Lee, 1988), has a high activity in 
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bovine milk. However the concentration in human milk is low and unlikely to have a 

strong bacteriostatic effect. 

 

1.4.2 Specific Defence  

Specific immunity within the mammary gland is characterised by the production of 

specifically sensitised lymphocytes in response to antigen presentation, that in turn 

leads to immunoglobulin and cytokine production. Lymphocytes comprise 5-10% of 

the cells in human milk (Xanthou, 1997). The functional significance and activity of 

lymphocytes in response to intramammary gland infections has not been extensively 

studied compared with other aspects of mammary gland immunity  

Protection of the mammary gland by immunoglobulins within the milk compartment 

occurs by opsonisation of bacteria, coverage of bacterial adhesion sites and through 

their ability to induce agglutination of bacteria, which facilitates their flushing from the 

gland with the passage of milk (Lascelles, 1979). As with lymphocytes, the 

concentrations of both the class of immunoglobulin and their various isotypes varies 

according to species and stage of lactation. The IgA system is extremely well 

developed in the human mammary gland. Secretory immunoglobulin A is the dominant 

immunoglobulin in human milk with a concentration in colostrum of approximately 10 

g/l which decreases rapidly to 1-2 g/l by the end of the first week after birth (Kulski 

and Hartmann, 1981). Apart from the obvious contribution these initial high levels 

make towards protection of the neonate, sIgA may also form an important part of the 

defence of the mammary gland. 
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1.5 PARACELLULAR PERMEABILITY DURING INFLAMMATION 

Many of the changes occurring in milk composition during inflammation are believed 

to be due to an increased permeability of the blood-milk barrier. This occurs as a result 

of the opening of the paracellular pathways in conjunction with the increased capillary 

permeability that is normally seen with inflammation. The channels between 

neighboring lactocytes (mammary secretory epithelial cells) lining the alveoli in the 

breast form a potential gap whereby the components of milk may pass out into the 

interstitium. However, in established lactation “tight junctions” form a gasket like 

complex between the lateral membranes of neighbouring cells (see Fig.2). This forms a 

barrier function preventing paracellular transport and also assists in maintaining the 

electrochemical gradient. The barrier properties of epithelial tight junctions have been 

found to vary widely among various tissues with regard to solute flux, electrical 

resistance and ionic charge selectivity (Brown, 2000), however specific research into 

the properties of mammary tight junctions is scant. An example of variation of tight 

junction properties within an organ is that of the kidney. The distribution of tight 

junction associated proteins and occludin parallel junctional complexity are expressed 

in greater amounts in distal segments of the kidney tubule which has a high resistance, 

that is, a “tight” epithelium, than in the proximal tubule which has a low resistance, 

that is, a “leaky” epithelium. Furthermore, a family of transmembrane proteins, 

claudins, which are likely to be critical structural proteins in the fibrils of tight 

junctions, have been shown to directly regulate charge selectivity of the paracellular 

pathway (Colegio et al., 2002). Disruption of the tight junction integrity has been 

shown to occur in response to varying triggers in many different organs. For example, 

an enterotoxin has been shown to bind to claudins causing the disintegration of the 

tight junction (Sonoda et al., 1999). Also a cysteine protease found in dust mite faeces 

has caused disruption of the tight junctions in lung epithelium suggesting this might be 

an initial step in the development of asthma (Wan et al., 1999).  Loss of cell polarity 

such as occurs in polycystic kidney disease and in renal ischaemia has also been 

implicated in causing loss of tight junction integrity and cholestasis has caused tight 

junction disruption in hepatic bile ducts (Brown, 2000). 

In cows, Stelwagen et al. (1997) found that mammary tight junctions switched to a 

“leaky” state after approximately 18 hours of milk stasis. A similar response has been 

observed in women who were found to have elevated concentrations of milk sodium by 
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24 hours of milk stasis (Hartmann and Kulski, 1978). Opening of the paracellular 

pathways during established lactation leads to oedema of the interstitial tissues from 

the leakage of proteins from both blood and milk. There is also a change in milk 

composition with the leakage of milk components into the interstitium and the 

transudation of serum derived product(s) into the milk space. The trigger for opening 

the paracellular pathway during milk stasis and inflammation is unknown. However, 

Nguyen and Neville (1998) suggest pro-inflammatory factors, released in response to 

either infection or trauma, increase tight junction permeability across endothelial and 

epithelial layers in an attempt to hasten access of immune factors to the site affected. 

Free passage of milk and serum components may also be associated with tissue damage 

resulting from inflammation, which may leave “holes” within the ductal and capillary 

epitheliums.  

As a result of increased permeability lactose, the major osmole in milk, is lost from the 

milk space. Research in cows has shown that the loss of lactose from the milk 

compartment combined with a decrease in milk synthesis, results in a decrease in milk 

yield during milk stasis (Stelwagen et al., 1997). A reduction in milk supply in the 

breast affected by mastitis is also a common symptom reported by women (personal 

observation).   

In addition to changes in milk composition the excretion of lactose in urine can also be 

used as an indicator for increased permeability within the breast. Lactose concentration 

in blood and its subsequent excretion in urine have been used as an index of synthetic 

activity within the breast, during pregnancy and immediately after parturition, when the 

tight junctions are still leaky (Arthur et al., 1991; Cox et al., 1999). As lactose in the 

diet is usually broken down in the small intestine there is minimal contribution of 

lactose to the circulation from this source (Arthur et al., 1991). The only significant 

internal site of lactose synthesis is in the lactocyte within the mammary gland (Brew 

and Hill, 1975). Therefore, in addition to the concentration of ions in milk, any 

increase in the lactose detected in the blood and urine can also be used as a 

confirmatory measure of increased breast permeability. Arthur et al., (1999) reported a 

peak blood lactose concentration of 75 ± 18 µmol/l at 3-5 days post partum, coinciding 

with the peak increase in milk lactose and onset of lactogenesis II. By 6 weeks post 

partum, when lactation was fully established, the blood lactose had decreased to 30 ± 8 

µmol/l. Correspondingly low milk sodium concentrations seemed to indicate that there 
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was closure of the paracellular pathways by this time. Similarly, Cox et al., (1999) 

found excretion of lactose in urine also fell dramatically from 14.1 ± 4.1 mmol/24 h on 

Day 3 post partum to 4.5 ± 0.8 mmol/24h at one month of lactation. The small 

concentration of lactose in blood and urine during established lactation seems to 

indicate that there is either a small degree of breast permeability always present or that 

there is some secretion of lactose over the basal membrane. 

 

 

 

 

Figure 1.2: Diagrammatic representation of paracellular pathway transport (adapted 

from Neville, 1992) 
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1.6 PHYSIOLOGICAL INDICATORS FOR MASTITIS  

1.6.1 Changes in milk composition during mastitis 

The increase in paracellular pathway permeability in the breast during mastitis is 

reflected in the findings of several researchers. Prentice et al. (1985) found that there 

was a mean decrease of 17% in the concentration of lactose in milk from women with 

mastitis, with one women experiencing a reduction of as much as 54% of normal 

concentrations. Conner (1979) reported a sodium concentration 36 times higher in the 

mastitic breast (108mmol/l) of one woman compared with her unaffected breast 

(3mmol/l). The increase in the concentration of sodium in milk is in agreement with the 

findings of other researchers (Prosser and Hartmann, 1983; Golota and Altuev, 1984; 

Abakada et al., 1990) but these workers also reported that sodium was sometimes 

elevated in both symptomatic and asymptomatic breasts. The raised concentration of 

sodium in the asymptomatic breast may be suggestive of a systemic response causing 

the opening of the paracellular pathways in both breasts. Alternatively, it may reflect 

the presence of either sub-clinical infection, milk stasis or partial involution in the 

asymptomatic breast.   

The increased solute load resulting from opening of the paracellular pathways has also 

been reported to be associated with breast refusal in infants where the mother has 

mastitis (Conner, 1979;  Prosser and Hartmann, 1983). 

 

1.6.2 Raised sodium as an indicator for mastitis and sub-clinical mastitis 

Several recent studies have used an increase in the concentration of sodium in 

breastmilk as an indicator for mastitis. A study investigating the effect of nutritional 

supplementation on immune factors in the breast milk of Bangladeshi women found a 

significant positive correlation between an increased sodium/potassium ratio (Na/K) 

ratio) in breastmilk and concentrations of the immune factors sIgA, lactoferrin, 

lysosyme and IL-8 (Filteau et al., 1999a). This was observed in 25% of women 

(N=212) at one to three weeks post partum and 12% of women at 3 months. As IL-8 is a 

pro inflammatory cytokine and was strongly associated (p<0.001) with a high Na/K 

ratio the authors suggested that the increase in the milk Na/K ratio represented true 

inflammation in these women rather than an opening of the paracellular pathways due to 
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other causes (for example, involution). These findings led the authors to formulate the 

following definitions for mastitis and sub-clinical mastitis: 

“Elevations in milk sodium after the first three days post partum and in the 

absence of weaning (ie such that milk production is at least 400ml/day) are 

considered indicative of mastitis” (Filteau et al., 1999a) and,  

“Sub-clinical mastitis is defined as raised milk sodium, often accompanied by 

raised milk inflammatory cytokines in the absence of symptoms (Flores and 

Filteau, 2002).  

Sub-clinical mastitis is a term long used in the dairy industry to describe decreased 

milk supply and decreased milk quality where there are no clinical symptoms of 

inflammation of the udder and no gross changes in milk. Based on the presence of pro-

inflammatory cytokines, the definition of subclinical mastitis in women, by Flores et 

al. (2002) suggests that there is inflammation occurring within the breast causing 

paracellular pathway changes, that are not reflected in clinical symptoms. However, if 

systemic infection was present, the increase in pro-inflammatory milk cytokines in 

some cases may be serum derived, and not due to sub-clinical breast inflammation. 

Georgeson et al. (2002) has identified a bilateral rise in the milk Na/K ratio of Zambian 

women in the presence of serious post partum systemic infection (eg: malaria, 

puerperal sepsis), which rapidly returned to normal following treatment of the 

infection.  

Although Filteau et al. (1999a) collected separate pre and post feed milk samples, the 

samples from each breast were combined before analyses were undertaken.  The 

mixing of samples prevented comment on differences that may have been found 

between breasts and any relationship that may have existed between the immunological 

and pro-inflammatory factors examined and the type and severity of observed breast 

symptoms. As involution also causes changes in the permeability of the breast and is 

associated with raised sodium and lactoferrin concentrations (Hartmann and Kulski, 

1978; Neville et al., 1991) the extent of breastfeeding at the time of sampling and milk 

production from the affected breast are also an important considerations. In their 

definition of subclinical mastitis, Filteau et al. (1999a), specify a milk production of 

400ml/day, however, each breast may have widely varying milk productions (Daly et 

al., 1993) that may result in varying concentrations in milk components between 
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breasts. Also, mixed feeding, if present at the time of sampling could influence the 

concentrations of sodium and lactoferrin and in addition, it is possible that the increase 

in pro-inflammatory milk components may have occurred if other systemic pathologies 

were present.  

Another study (Semba et al., 1999a) has provided some additional evidence that 

increased concentrations of sodium and pro-inflammatory cytokines may be reliable 

indicators for mastitis, as the women in their sample were exclusively breastfeeding. 

They found that the concentration of sodium in milk was increased by 15.6% in a cross 

sectional sample of 96 lactating women from Malawi at 6 weeks post partum. Elevated 

sodium concentrations were associated with increased concentrations of lactoferrin, 

secretory leukocyte protease inhibitor (SLPI), regulated on activation normal T cell 

expressed and secreted (RANTES) and IL-8. The authors found sodium concentrations 

had a higher correlation with these immune factors in breastmilk than the Na/K ratio 

suggesting that sodium alone may be a more accurate indicator for mastitis. However, 

as in the previous study, clinical symptoms noted in patient records could not be linked 

with breast milk samples. The author’s definition of “women with mastitis” referred to 

women who had elevated concentrations of sodium in their breastmilk, rather than 

women exhibiting the typical clinical symptoms of breast inflammation, pyrexia, rigors 

and myalgia. There was also no identification of mothers who may have been suffering 

with systemic illness.  

An increased concentration of sodium, in isolation from physical signs and symptoms, 

cannot currently be accepted as a reliable indicator for subclinical infection within the 

breast. In addition to the known confounding factors, where sodium concentration in 

milk is normally raised, such as initiation of lactation, milk stasis, involution, 

pregnancy and systemic infection, it is unknown whether other breast related problems 

that can occur during lactation may also result in an increased concentration of sodium 

in milk. There is also some doubt as to whether a raised Na/K can always be relied 

upon as a marker even in clinical mastitis. A study examining the anti-inflammatory 

component of milk in eight women with mastitis found that neither Na/K nor 

lactoferrin were raised despite symptoms of clinical mastitis and a significantly raised 

TNF-α concentration in the milk of six of the eight women (Buescher and Hair, 2001). 

This would suggest that TNF-α is a more reliable marker for inflammation than either 

Na/K or lactoferrin. 
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A study observing changes in milk sodium, immune factors and pro-inflammatory 

cytokines in relation to observed breast and systemic symptoms, concurrent disease 

and breastfeeding status is required before it can be established that increases in these 

milk components are a reliable indicator for mastitis and/or subclinical inflammation of 

the breast. 

 

1.6.3 Implications of increased inflammatory cytokines in milk 

Concern has been expressed at the possible effect upon the infant of such an increase in 

the concentration of the pro-inflammatory immune factors in mastitic breastmilk. 

Willumsen et al. (1999) used a lactulose/mannitol test to investigate whether there was 

possible damage to the infant’s gut from milk inflammatory cytokines. They did not 

find any relationship between either milk Na/K ratio or IL-8 concentration and 

increased permeability in the infant’s gut. Interestingly however, gut permeability was 

increased in infants who received mixed feeding as opposed to exclusive breastfeeding. 

Semba et al. (1999a, 1999b) and Willumsen et al. (1999) have also suggested that there 

is an increased risk for human immunodefiency virus (HIV) transmission due to the 

opening of paracellular pathways as this predisposes to an increased HIV viral load in 

milk. However, despite the increase in observed HIV viral load it is important to note 

that certain chemokines released by CD8+ lymphocytes, that are present in breastmilk, 

are a major suppressive factor for HIV. Garafalo and Goldman (1998) raised the 

possibility that these chemokines may have a protective role in the transmission of HIV 

via breastfeeding. Additionally, Buescher and Hair (2001) found an increased 

concentration of several anti-inflammatory components and activities in the milk of 

women with mastitis, which they hypothesize, may help to protect the infant against 

illness, at times of maternal infection. Certainly much more research is required on the 

potential risks of breast inflammation, and the effects of exclusive breastfeeding verses 

mixed feeding on the changes in infant gut permeability. Such research would provide 

a more complete view of the risks involved in transmission of HIV, and other 

infections, through breastmilk, both in the healthy breast and in breasts affected by 

inflammation.  
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1.6.4 C-reactive protein as a measure of acute phase response in mastitis. 

C-reactive protein (CRP) is an acute phase protein that has a long history as a reliable 

indicator of the presence of infection in both neonates and in adults (Ballou and 

Kushner, 1992). It is synthesized mainly in the liver where it is released into the plasma. 

Small amounts are also synthesized by a subset of T lymphocytes with natural killer 

ability but this remains bound to the surface of the cells. CRP is a non-antibody 

β−globulin, so named because it reacts with the C substance present in the cell wall of 

pneumococci – the resulting complex activates the complement cascade. It is also 

involved in the initiation of opsonisation and phagocytosis, and the activation of 

neutrophils and monocyte macrophages (Ballou and Kushner, 1992). It also appears to 

be important in the recognition of necrotic tissues and is currently used as a diagnostic 

tool in a variety of infectious disease states and also as a predictor of certain events such 

as myocardial infarction and cerebral vascular accidents (deFerrantis and Riain, 2002)  

In transgenic mice the peak concentration of human mRNA CRP was reached nine 

hours after injection of an inflammatory stimulus. After removal of the inflammatory 

stimulus CRP rapidly decreases within 18 hours to a level of 1/10th of that occurring 

during inflammation. Measurement of CRP is useful to detect and follow patients with 

acute inflammatory disorders. Its short half-life of five to seven hours has made the 

changing pattern of CRP a very useful clinical tool in excluding infection and 

minimizing unnecessary antibiotic therapy in neonates (Kawamura, 1995).   

Osterman and Rahm (2000) investigated whether the changing concentration of serum 

CRP could be used as an indicator for infective mastitis. They, however, found no 

significant difference in serum CRP of women with breastmilk that cultured positive to 

pathogens and women with mastitis who tested negative to pathogens in their milk.  

The determination of CRP in the milk of cows with mastitis was first investigated by 

Schrodl et al. (1995). He found that CRP in milk increased as much as ten-fold as a 

result of mastitis in cows and that a decrease in the concentration of CRP in milk during 

the antibiotic treatment was reflected in the treatment success. Hamann (1997) 

measured CRP in the milk of cows to evaluate the potential of CRP as an indicator of 

inflammatory changes in subclinical mastitis but found the application of CRP as an 

alternative to using cell counts was not useful in diagnoses of subclinical mastitis. They 
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found, in particular, that the range detected in milk (50 -170µg/l) was very small, 

limiting its use as an inflammatory marker. 

There is increased CRP release in mothers following birth that is associated with the 

tissue trauma resulting from vaginal birth interventions (Kaapa and Koistinen, 1993) 

and Caesarean section (Keski-Nisula et al., 1997).  This can complicate the assessment 

of post partum infection. However the duration of raised CRP varied according to type 

of labour and birth with peak CRP concentrations occurring at 24 hours after a normal 

vaginal birth and 48 hours after caesarean section.  CRP concentrations rapidly decrease 

towards baseline after the second to third post-partum day. 

Normal lactation has not been associated with an increased CRP concentration in blood 

(DiSilvestro, 1986). No published studies of CRP determination in breastmilk have 

been identified. Small amounts of CRP are normally present in human plasma (<8 mg/l) 

but may increase during the acute phase response up to 1000-fold. Results less than 

10mg/l in plasma are considered to be within normal range. Moderate elevations of 

CRP (10-100mg/l) lack specificity and preclude any consistent diagnostic value 

whereas marked elevations greater than 100mg/l are relatively specific for acute 

bacterial infections in the abscence of complicating factors such as tissue damage from 

trauma. (Ballou and Kushner, 1992). 

The effects of acute phase reactants, such as CRP, on the composition of milk have not 

been directly investigated however there have been changes observed in milk 

composition in association with maternal illness. Zavaleta et al. (1995) found that the 

concentration of whey proteins was higher in the milk of ill women at the time of illness 

and at follow up seven and 14 days later but as the variation among control women was 

normally high, this was not statistically different. The only specific whey protein 

measured was lactoferrin, which was similar in both well and ill groups of women. 

They did not measure the ionic composition of milk, however Georgeson et al. (2002) 

found an increase in the Na/K ratio in the milk from both breasts in women with 

systemic infection. 
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1.7 BIOLOGICAL PREDISPOSING FACTORS FOR MASTITIS 

Risk factors for mastitis relating to breastfeeding management practices and 

epidemiological factors are predominately related to adequate and consistent removal 

of milk from the breast and the prevention of trauma and stress. (Kaufmann and 

Foxman, 1991; Peters et al., 1991; Jonsson and Pulkinnen, 1994; Foxman et al., 1995; 

Fetherston, 1998). Knowledge of these factors contributes greatly to the prevention of 

mastitis however there is currently little research into the biological predisposing 

factors and determinants for mastitis in women. Research has identified potential 

predisposing factors related to the immunocompetency of the mother with mastitis. 

Prentice et al. (1985) found that sIgA, in conjunction with lactoferrin and complement 

3 (C3), were significantly deficient in the normal milk of women who developed 

mastitis compared with the mean concentrations in milk from the whole community. 

These findings were maintained even when analysis was adjusted for stage of lactation, 

season and parity. Several physiological variables such as psychological stress, intense 

indurance exercise and sleep deprivation have been found to result in lowered levels of 

salivary sIgA (Gleeson et al., 1995). During psychological stress the concentration of 

salivary sIgA appears to be inversely related to the level of stress experienced (Graham 

et al., 1988; Jemmott et al., 1993). Stress has been found to be a major risk factor for 

mastitis in multiparous women who are breastfeeding (Fetherston, 1998). It is possible 

that there may be a relationship between increased levels of stress, lower levels of sIgA 

in breast milk and the occurrence of mastitis. Interestingly, IgA deficiency has been 

cited as the most common form of primary immunodeficiency, with a frequency of 

1:300 in the Caucasian population (Islam et al., 1994).  

Nutritional influences have been found to affect the development of mastitis in cows 

with mastitis being linked to the inadequate dietary intake of the micronutrients 

selenium, vitamin E, vitamin A and β-carotene. Based on the evidence from these 

studies in cows Filteau et al. (1999a, 1999b) conducted research investigating the 

effects of maternal supplementation with retinol, vitamin E and β-carotene on breast 

inflammation and the immune factors in the breast milk of Bangladeshi and rural 

Tanzanian women. However these studies did not show any correlation between 

supplementation and reduced incidence of mastitis although women supplemented with 

α-tocopherol had lower Na/K ratios at three months than women in the other two 

groups.  
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A summary of the previously described changes occurring in the biochemical 

composition in milk from breasts with mastitis when compared to the non-mastitis 

breast is shown in Table 1.1. In addition, based on the previous discussion of the 

physiology and pathology of mastitis, a model for the inflammatory response occurring 

within the breast is shown in Figure 3. 

Table 1.1. Studies reporting changes observed in the milk composition of mastitic  
milk 

 

Milk component Change 
observed 

Publications 

Na increase Ramadan et al., 1972; Conner, 1979; Prosser and 
Hartmann, 1983; Prentice et al; 1985; Akabada et al., 
1990; Semba et al., 1999; 

Na:K increase Semba et al., 1999; 

Cl increase Prosser and Hartmann, 1983 

lactose decrease Ramadan et al., 1972; Conner, 1979; Prosser and 
Hartmann, 1983; Prentice et al; 1985; 

glucose decrease Prosser and Hartmann, 1983 

Serum albumin increase Prosser and Hartmann, 1983; Akabada et al., 1990; 

Total protein increase Prosser and Hartmann, 1983 

Transferrin increase Prentice et al; 1985; 

Lactoferrin increase Prentice et al; 1985 (increase delayed); Semba et al., 
1999; 

IgG, IgM, C3, 
C4 

increase Prentice et al; 1985; 

sIgA delayed increase Prentice et al; 1985; 

lysosyme delayed increase Prentice et al; 1985; 

IL-8, RANTES, 
SPLI 

increase Semba et al.,1999 

TNF-α increase Buescher and Hair (2001) 
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Figure 1.3. A model for the inflammatory response within the lactating breast. 
(modified from Fetherston et al., 2001 with permission from Plenum 
Press) 
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1.8 MASTITIS: INFECTIVE OR NON-INFECTIVE?  

Effective treatment and prevention of mastitis in lactating women is dependent on 

accurate identification of the underlying cause(s). This can present dilemmas for the 

treating clinicians when it is not always obvious whether symptoms are related to either 

an infective process or an inflammatory response resulting form either trauma or 

blocked duct(s). Brodribb (1997) has described the development of blocked duct(s), 

mastitis and breast abscess as a continuum where “the boundaries, especially between 

blocked duct(s), obstructive mastitis and infective mastitis, are blurred”.  

In an attempt to address the problems in differentiating between infective and non-

infective mastitis Thomsen et al. (1983) developed diagnostic criteria based on the 

diagnostic uses of somatic cell counts in bovine mastitis. Using leukocytes counts and 

microbiological cultivation results of milk from 146 breasts with inflammatory 

symptoms the authors grouped cases into three categories: milk stasis (bacteria/ml < 

103, leukocytes/ml <106), non-infective inflammation (bacteria/ml < 103, leukocytes/ml 

>106) and infective inflammation (bacteria/ml > 106, leukocytes/ml >106). A 

subsequent study (Thomsen et al., 1984) was used to statistically validate these 

diagnostic categories by observing the duration and outcomes of cases diagnosed 

according to these criteria. However another study (Abakada et al., 1992) found that 

bacterial counts did not always correspond with elevated leukocyte counts, as was 

suggested in Thomsen’s classification system. Low bacterial counts were recorded 

even when pathogens could be cultured from the mothers’ milk and the diagnosis of an 

abscess on needle aspiration was made in one of the mothers. Thus, in contrast to 

cow’s milk, bacteria and leukocyte counts in human milk cannot be regarded as a 

reliable means of diagnosis for mastitis. This may, in part, be due to the difference in 

anatomy of the breast and the udder. In cows, milk from the alveoli is drained into a 

common cistern before being expressed whereas in the human breast milk is expressed 

from different lobes of the breast that drain independently at the nipple. This, in 

conjunction with the difficulty in removing milk from a blocked area, results in a lack 

of certainty in determining whether the milk being expressed has been collected from 

the infected sector. In addition to this Matheson et al. (1988) have proposed that 

growth promoting and inhibitory factors present in milk might disturb the prognostic 

value of bacterial counts. 
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Research by Osterman and Rahm (2000) demonstrates how difficult it is to establish 

infective involvement on clinical signs alone. Their research investigated the 

relationship between clinical signs, bacterial cultivation, serum leukocytes and the 

acute phase reactant C-reactive protein (CRP) in 41 episodes of mastitis. Two groups 

were identified according to milk bacteriology results with group A representing those 

episodes with positive culture for skin flora only and Group B positive for potential 

pathogenic bacteria. The mean serum leukocytes where significantly higher in the 

pathogenic group however, while serum CRP was elevated in both groups, there was 

no significant difference between the two. There was also no significant difference 

between groups in the mean severity index summarizing scores for erythema, 

tenderness and swelling. Women in both groups also had severe elevations of 

temperature with a mean temperature of 39.3 ± 0.60C for the non-pathogenic group and 

39.4 ± 0.80C in the pathogenic group. Assuming that microbiological cultivation of 

milk is representative of bacterial growth within the breast, this research has shown 

that non-infective mastitis can elicit just as severe systemic symptoms as those seen in 

women whose milk is positive for pathogens.  

The occurrence of severe systemic symptoms in women who are suffering from non-

infective mastitis may be related to the changes in paracellular permeability. Although 

milk contains many anti-inflammatory components, it also contains high levels of 

phlogistic agents such as the pro-inflammatory cytokines IL-1, IL-6, IL-8, IL-12, 

tumour necrosis factor-alpha (TNF-α) and RANTES (Mitchie et al., 1998, Garofalo 

and Goldman, 1999; Hawkes et al., 1999). Pro-inflammatory cytokines are synthesized 

in response to either inflammatory or antigenic stimuli. Many of these cytokines serve 

as growth factors for the immune system. For example, IL-1 stimulates a pyrexial 

response and the production of glucocorticoids, insulin and acute phase proteins by the 

liver. It also stimulates bone marrow to increase hematopoesis, B cells to produce 

antibodies, T cells to produce IL-2 and gamma interferon and it also activates more 

macrophages to produce TNF-α. Interleukin-8 is a chemotactic factor, recruiting 

additional cells, and TNF-α activates the vascular endothelium to further increase 

vascular permeability. Cytokines also initiate complicated feedback mechanisms that 

control the degree to which these changes occur (Clemens, 1991). These cytokines 

when leaked into the circulation through increased breast permeability may elicit a 

systemic response characterised by pyrexia and flu like symptoms whether or not a 
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microbial infection is present. Interestingly, in support of this proposition, it was found 

that patients with HIV who were treated with twice daily subcutaneous injections of 

IL-2 experienced fever, fatigue and myalgias during the period that it was administered 

(Davey Jr., et al., 2000). However there is some doubt as to whether the milk 

inflammatory cytokines that leak into the interstitium through the paracellular pathway 

during mastitis would be present in concentrations high enough to have a biological 

effect (personal communication Prof. S Buescher, 2003 ). 

Osterman and Rahm (2000) also found that 80% of milk samples from the non-

infective group (and 19% of the infective group) cultured positive for coagulase-

negative staphylococci (CNS). Abakada (1994) also found CNS were the major 

bacterial isolates from milk of mothers both with and without mastopathy (breast 

disorders such as mastitis, breast pain, nipple trauma)). However CNS is also the most 

frequently isolated bacteria, found in 70-100% of milk samples in healthy women. 

Although usually considered a non-pathogenic contaminant, being part of the 

cutaneous flora, several studies have reported an increasing incidence and severity of 

infections due to CNS (Thylefores et al., 1998). Bacteremias caused by CNS are 

generally associated with the use of indwelling devices such as central venous, 

peripheral venous or haemodialysis catheters and prosthetic material. This is attributed 

to the ability of CNS to adhere to foreign bodies and artificial surfaces due to adhesion 

and the production of extracellular glycoclyx (slime). Abakada (1994) isolated several 

strains of CNS in the milk of both asymptomatic mothers and mothers with 

mastopathy. She found S. epidermidis was the most commonly occurring CNS and 

appeared to have some pathogenicity in the breasts of some mothers with mastitis, 

being the only bacteria isolated. She found the mothers whose isolates from their 

symptomatic breasts were CNS did not have the same species or strain as their normal 

flora, however when S. aureus was isolated this appeared to be related to either their 

normal flora or that of their infant. It is possible that strains of CNS not usually part of 

a mother’s normal flora may invoke an inflammatory response within the breast. 

It cannot be assumed that a spontaneous recovery without antibiotics reflects a non-

infective process. Possibly, all mastitis is a result of microbial proliferation, for 

example the proliferation of normally innocuous microbes such as CNS may be 

encouraged by the stasis of milk within the gland, resulting in inflammation. There is 

also the possibility that an, as yet, undiscovered opportunistic microbe may be 
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implicated as was the case with Helicobacter pylori and peptic ulcers (Marshall, 2002). 

Resolution of the infection without antibiotic use may simply occur as a result of 

systemic and local immune responses along with the advised treatment of frequent 

feeding from the affected side, which facilitates a flushing out of the infection through 

the removal of milk from the blocked area. Currently, however, there is no definitive 

method to elucidate whether such cases are of either an infective or non-infective 

etiology.  

Determining the etiology of the body's response to mastitis is important for the 

development of appropriate prevention and treatment protocols. There is a high 

incidence of antibiotic treatment among Australian mothers with mastitis. Kinlay et al. 

(1998) reported 77% of women with suspected mastitis in the first six months post 

partum were treated with antibiotics. A similar finding was reported by Fetherston 

(1997b) who found 81% of women presenting with symptoms of mastitis in the first 

three months post partum were treated with antibiotics. These figures are also 

supported by a retrospective audit that found 79% of women diagnosed with mastitis, 

who presented to an emergency department over a twelve month period, were 

prescribed antibiotics (Amir et al., 1999). It is important for clinicians to be able to 

determine whether antibiotics are an appropriate method of treatment especially if there 

are a proportion of these women who were suffering only from a non-infective form of 

mastitis and would have responded to more conservative management.  

In addition to the questions surrounding whether the etiology of mastitis is either 

infective or non-infective there are broader issues, related to today’s current 

breastfeeding practices, that may influence women’s vulnerability to mastitis. Prentice 

et al. (1985) reported a mean monthly incidence of 2.6% for lactating mothers seeking 

treatment for mastitis at a rural clinic in The Gambia. In comparison to developed 

countries this is a low incidence rate especially when considering what Prentice et al. 

(1985) describe as “prolonged lactation under conditions of poor hygiene and a highly 

contaminated environment.” Anecdotal evidence also indicates that the incidence of 

mastitis amongst traditional indigenous communities of Australia and New Guinea is 

much lower than the incidence rates reported for more affluent and predominantly 

white communities (Hannah Herod and Peter Hartmann personal communication, 17th 

July 2000). The differences in breastfeeding practices between women in developing 

and Westernised countries may explain why women in developing countries are less 
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likely to develop mastitis. Frequency of feeding is an obvious difference in practice 

between North Fore women from Papua New Guinea in 1978 and the comparatively 

affluent Western women of today. North Fore women were documented as 

breastfeeding their babies between 14 and 39 times in 24 hours (Hewit, 1978). Perhaps 

we now have more in common with the dairy cow than first anticipated. Feeding 

frequency is now substantially less in the developed world than that seen in Hewit’s 

Papua New Guinea study. It is possible that the increase in mastitis could be to some 

extent an artificial situation created by changes in breastfeeding frequency analogous to 

that which has occurred with the reduced milking frequency of the dairy cow. In 

comparison to the shorter and more frequent feeds seen in New Guinea, the longer 

duration between feeds practiced in developed communities may cause women to 

experience large variations in breast milk storage volumes which may contribute to an 

increase in milk stasis predisposing to blocked duct(s) and mastitis.  

Other cultural and breastfeeding practices of mothers in developing countries may also 

differ in such a way as to be protective in the development of mastitis. As an example, 

it is of interest that Rook (1998) proposed a “hygiene hypothesis” where a lack of 

exposure to dirt and disease in childhood, a practice so encouraged in Western culture, 

results in an inadequately developed immune system. Without the necessary 

stimulation Rook believes our immune system will function below par as it is forced to 

work in a barren environment. The current obsession with asepsis that is present in 

developed countries may negatively impact on women’s ability to protect themselves 

against mastitis and other infection causing insults. It is also of interest that modern 

women are the only suckling mammals that support their mammary glands with a bra. 

Indeed, Fetherston (1998) found that restriction from a tight bra was a risk factor for 

mastitis in first time breastfeeding mothers and a risk factor for blocked duct(s) among 

mothers with previous breastfeeding experience. Restriction caused by wearing a bra 

may possibly interfere with lymphatic and venous drainage from the breast, and cause 

a local inflammation at the site of restriction, resulting in impaired milk removal and 

even perhaps changes in milk composition. Daly et al. (1993) reported that the volume 

of a mother’s breast could vary up to 600 ml over the course of a day depending on the 

amount of milk stored in the breast. It is difficult to see how current bras could provide 

consistent and appropriate support for the breast when such large changes in the 

volume of milk occur over a day. Another consideration is the cultural value of 
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informal breastfeeding education afforded by the experience of living in extended 

families and close social groupings. Studies examining the incidence rates of mastitis 

in varying developing communities may provide valuable clues as to whether mastitis 

has become predominately a “modern epidemic” influenced by our modern way of life 

and changes in breastfeeding practices. 

 

1.9 CONCLUSION.  

Numerous influences that may impact upon the development of mastitis in the lactating 

women have been discussed. Whether physiological responses within the breast, 

mounted in an attempt to maintain breast health in response to varying breastfeeding 

circumstances, may cause similar symptoms as those elicited by pathogens is still in 

question. Knowledge regarding physiological changes occurring in the mastitic breast 

has (with the exception of Prentice et al., (1985) study in The Gambia) only been 

elicited from sporadic samples of breastmilk taken from women presenting with 

mastitis. A comprehensive approach that includes following women prior to, during the 

course of the mastitis and after recovery, is required to provide a more thorough 

understanding of the physiological responses occurring in the breast. This should be 

undertaken in conjunction with a full breastfeeding and medical history. 

The following study aims to address some of these issues by describing 

• a normal reference range of measurements for  

1)  possible predisposing factors for mastitis in milk and  

2)  possible indicators of mastitis in the blood, milk and urine of 

lactating   women in the first three months post partum 

• changes occurring in the permeability of the breast during the course of a mastitis 

episode, through the measurement of serial biochemical changes occurring in milk, 

blood and urine.  

• changes occurring in the defence components of milk during the course of a mastitis 

episode 

• the degree of the acute phase response during a mastitis episode through serial 

measurements of blood and milk C-reactive protein  
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• the presence of microbial pathogens present in the milk of women with clinical 

mastitis using microbiological culture and measurement of leucocyte and bacterial 

counts of milk  

• the relevant breastfeeding and medical history of the women with mastitis along 

with symptoms suffered and treatment undertaken. 

This data, once analysed, will provide information regarding the effects of mastitis on: 

• breast permeability 

• lactose synthesis 

• defence components in milk, and 

• the relationship between the severity and type of symptoms suffered, degree of 

acute phase response, and changes in breast function. 

 

1.10. HYPOTHESIS 

The severity of symptoms suffered during inflammation of the breast will predict 

changes occurring in the composition of breastmilk. 
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CHAPTER 2 

METHODS AND MATERIALS 

 

2.1 METHODS 

 

2.1.1 Overview of the Study 

The research conducted utilized a convenience sample of lactating mothers, assessed to 

be at risk for developing mastitis, who were followed prospectively from the fifth day 

post partum to the end of their lactation. Reference samples of blood, milk and urine 

were collected from mothers at intervals during the first three months post partum to 

obtain data on the normal range of a set of potential biochemical markers for mastitis. 

Further samples were collected and analysed if mothers suffered with inflammatory 

breast symptoms (mastitis or blocked duct(s)) at any time during their lactation. Data 

obtained was used to identify biochemical changes occurring as a result of either 

mastitis or any other abnormal breast event that occurred during reference sampling 

times. Mothers with mastitis also completed a questionnaire and symptom log to 

provide descriptive data on the characteristics and management surrounding the onset 

and duration of their mastitis. 

 

2.1.2 Ethics Approval 

Ethics approval to conduct the study was first obtained from the Human Research 

Ethics Committee at The University of Western Australia. As participants were 

recruited from a private maternity hospital, permission was also obtained from the 

hospital’s Director of Nursing, Medical Advisory Committee, the individual consultant 

obstetricians caring for women at this hospital and the Regional Hospital Ethics 

Committee. All ethics and hospital approvals were obtained by April 1999. Recruitment 

of participants followed immediately thereafter. 

 

2.1.3 Subjects 

Mothers assessed to be “at risk” for developing mastitis were invited to participate in 

the study. Criteria used to identify “at risk” mothers were identified from previous 
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research (Fetherston, 1998; Livingstone and Stringer, 1999) and included, a history of 

mastitis in previous lactations, nipple trauma, attachment difficulties and either 

oversupply or engorgement at initiation of lactogenesis II. Nursing staff notified the 

researcher of mothers meeting these criteria or any mothers presenting with mastitis 

during their post partum hospital stay. Mothers who were “at risk” for mastitis were 

approached within the first three to five days post partum to ascertain interest in study 

participation. One other mother, not presenting with these risk factors, but on hearing of 

the study, expressed interest and was subsequently also invited to participate. Four 

mothers were recruited during mastitis episodes experienced whilst hospitalized in the 

post partum period and one mother when she was readmitted to hospital with mastitis 

on Day 18 post partum. Mothers expressing interest in participation provided written 

informed consent (Appendix A). Subject recruitment took place during the 18 month 

period between the 28th April 1999 and the 1st November 2000.  

The mean age of participating mothers was 31 years (range 19 -37). Eight mothers had 

normal spontaneous vaginal deliveries (SVD) however of these only four experienced 

spontaneous onset of labour. The remaining four had either inductions or augmentation 

of their labour. Three mothers had vacuum extractions of their infant, seven mothers 

had non-elective lower uterine section caesareans (LUSC) and eight mothers, elective 

LUSC. Three infants were cared for in an isolette immediately following birth for a 

period of less than 24 hours due to transient tachypnoea of the newborn (TTN). Time to 

first breastfeed following birth for the remaining 23 infants ranged from 40 minutes to 5 

hours. These data are outlined in detail along with other demographic information such 

as gestation, and relevant history in Appendix D. 

 

2.1.4 Sample Collection 

Reference samples of milk and urine were collected on Days 5, 14, 30, 60 and 90 post 

partum and blood was collected on Days 5 and 14 post partum to establish the normal 

reference range of biochemical markers for each individual participant in the cohort. 

The biochemical markers analysed are shown in Table 2.1 
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Table 2.1. Sampling timetable for reference sample collections and analysis of 
 biochemical markers 

 
 ANALYSES TIME POST PARTUM 

SAMPLES 
COLLECTED 

DAY 5 DAY 14 DAY 30 DAY 60 DAY 90 

 
BLOOD 
 

 
CRP, lactose,  

 
CRP, lactose,  

 
NIL 

 
NIL 

 
NIL 

 
BREASTMILK 

 
lactose, Na, Cl, 
glucose, CRP, 
lactoferrin, 
serum albumin, 
IgA, ,  

 
lactose, Na, Cl, 
glucose, CRP, 
lactoferrin, 
serum albumin, 
sIgA,  

 
lactose, Na, Cl, 
glucose, 
lactoferrin, 
serum albumin, 
sIgA,  

 
lactose, Na, Cl, 
glucose, 
lactoferrin, 
serum albumin, 
sIgA,  

 
lactose, Na, 
Cl, glucose, 
lactoferrin, 
serum 
albumin, sIgA, 
  

 
24 hour URINE 

 
lactose 

 
lactose 

 
lactose 

 
lactose 

 
lactose 
 

 

Day 5 samples were collected from participants whilst still an inpatient at the hospital. 

During Day 5 sampling a demonstration of the procedures for collection of 24 hour 

urine samples and milk samples was conducted, and written instructions (Appendix B) 

provided for future reference for the participant.  

During reference sample collections women were examined and interviewed regarding 

the presence of breast symptoms. Findings were identified as either inflammatory or 

non-inflammatory symptoms.  

Non-inflammatory breast symptoms that were identified were categorised as 

representing the following breast pathologies: nipple trauma, mastalgia and nipple 

tenderness diagnosed as“thrush” (candida albicans) in the breast, perceived oversupply, 

low supply and vasospasm of the nipple.  Nipple trauma and thrush in the breast have 

been categorized as non-inflammatory because they are not associated with observable 

inflammation of the breast tissue. 

• Symptoms characterised by inflammation of the breast were categorised as 

either mastitis or blocked duct(s) and further identified as either localised, 

segmental or total breast inflammation  

If systemic symptoms were present they were categorised as: 

• Mild – feels unwell, tires easily, afebrile (body temperature (To) < 37.5o C) 

• Acute – unwell, To < 38.5oC, myalgia or needs to go to bed. 

• Hyperacute, To > 38.4oC, myalgia, headache, vomiting, rigors 
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When women reported localised and/or systemic mastitis symptoms daily milk and 

serum samples along with 24 hour urine collections were made while symptoms 

persisted. 

 

2.1.4.1  Operational definition for initiation of lactogenesis II at Day 5  

Milk collected on Day 5 was analysed to determine initiation of lactogenesis II 

according to criteria used by Cregan et al. (2002). Initiation of lactogenesis II was 

deemed not to have occurred if markers were either greater (sodium and total protein) or 

less than (lactose and citrate) three standard deviations from the mean concentrations 

for term women in his sample. Using this criteria Cregan et al. (2002) identified the 

markers for compromised initiation as <116mmol/l for lactose and > 24 mmol/l for 

sodium.  

This premise was applied using results from reference samples collected at Day 30, 

from “healthy” (asymptomatic) breasts, as being representative of established lactation 

for women within this present study. Markers for initiation of lactogenesis were 

calculated to be <123mmol/l for lactose and >19mmol/l for sodium. As citrate and total 

protein was not examined in this study, chloride was also used as a confirmatory marker 

for successful initiation (<30mmol/l). 

 

2.1.4.2  Operational definitions for non-inflammatory breast pathologies 

Criteria for the identification of non-inflammatory breast pathologies was as follows: 

Thrush in the breast: diagnosis was made by either their doctor or lactation consultant 

on the basis of symptoms that included excruciatingly tender nipples associated with 

shooting pains in the breast, which may be experienced both during and in-between 

feeds, and nipples appear “pinker” than normal (Amir and Pakula, 1991). All mothers in 

this study, who were diagnosed with thrush in the breast, on the basis of these 

symptoms, were treated with the topical antifungal miconazole, prescribed by either 

their lactation consultant or doctor. Diagnosis was not verified by microbial culture in 

any of the episodes identified. 

Perceived oversupply: Where mothers complain of having “too much” milk. Breasts 

always feel full and a perception exists that breasts are producing more milk than the 
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baby demands, breasts never feel emptied following a feed and may be accompanied by 

copious leaking  

Nipple trauma. A break in the integrity of the epidermis of the nipple, commonly 

referred to as either a grazed or cracked nipple. 

Low supply. A perception of persistently soft breasts that feel empty after feeds and 

supplemental feeding is required for the infant to thrive. 

Nipple Vasospasm. Nipple pain, which may be accompanied by numbness, burning, 

tingling and a biphasic or triphasic colour change. May be precipitated by either cold 

stimulus or emotional stress and there is a history of signs and symptoms between 

feeds. Poor positioning and attachment, and thrush should be excluded as the cause of 

the presenting problem (Lawlor-Smith and Lawlor-Smith, 1997).  

 

2.1.4.3. Operational definitions for categorisation of inflammatory breast 
symptoms  

 
Criteria for the identification of inflammatory breast symptoms was as follows: 

• Blocked duct(s)(s): either a lumpy or red and sore area of the breast that does not 

resolve over a period of either 12 hours or three breast feeds (which ever comes 

first), and is unaccompanied by systemic illness. Symptoms resolve within 24 

hours. 

• Engorgement: a sudden increase in the fullness of the breast that does not 

resolve over a period of either 12 hours or three breast feeds (which ever comes 

first) and is characterised by severe discomfort, stretching and flattening of the 

nipple and the inability to digitally depress the breast tissue more than 2-3mm. 

• Clinical Mastitis: a red painful area of the breast accompanied by an elevated 

temperature and either flu like aching or chills/shivers. 
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2.1.4.4. Sampling during mastitis episodes 

During the Day 5 reference sample collection participants in the study were provided 

with an information sheet (Appendix A ) on how to recognise symptoms of mastitis, 

ranging from engorgement through to blocked duct(s) and clinical mastitis. All 

participants were requested to contact the researcher immediately upon detection of any 

of these symptoms. Women who reported inflammatory breast symptoms were then 

visited in their home by the researcher and samples of blood, milk and 24 hour urine 

were collected.  

Samples were then collected daily while symptoms persisted, to measure progressive 

changes through the course of the mastitis episode, and then again at one week post 

resolution of symptoms. Normal reference sampling was then recommenced if the 

mastitis episode occurred during the first three months post partum. 

During the mastitis episode mothers were also given a tick sheet (Appendix C), and 

asked to record the course of their symptoms, along with any treatment undertaken. 

Women who met the criteria for clinical mastitis also had a midstream milk sample 

taken for microbiological culture and sensitivity, and leucocyte and bacterial counts. If 

the mother had commenced antibiotics before the researcher visited, this sample was 

not obtained  

 

2.1.4.5. Blood Samples 

Blood samples were collected by venepuncture into a sterile polypropylene tube (6ml) 

with gel and clot activator (Vacutainer, SST) and stored at 40C for between two and six 

hours and then centrifuged (Microcentrifuge II; Beckman, Adelaide, Australia) at 

10,000g for 10 minutes (min). The supernatant serum was then decanted into 

polypropylene tubes, frozen to –200C immediately, and stored until assay. 

 

2.1.4.6. Milk Samples 

Milk samples (approximately 5ml) were collected randomly, at the mother’s 

convenience, by hand expression into clean polypropylene sample tubes (5ml, 

Disposable  Product(s)(s) Pty Ltd., Adelaide, SA, Australia) and frozen immediately in 

either the hospital’s, or the mother’s home, freezer and then transported on ice to the 

laboratory to be stored at –200C for analysis 
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Where milk was collected specifically for milk culture gloves were worn for the 

expression of the sample. The nipple and areola areas of each breast were cleaned with 

sterile water and allowed to dry. The first 5ml (approximate) were collected into a clean 

sample tube for biochemical analyses and a further, mid stream, sample was then 

expressed into a sterile polypropylene tube (5ml). The mid stream sample was 

transported on ice and stored at 40C, for no longer than 6 hours, until plated for culture. 

 

2.1.4.7. Urine Samples 

Urine samples were collected over a 24 hour period. At the commencement of the 

collection period the participant voided her bladder and recorded the time. Each voided 

urine after this was measured and recorded and a 5ml aliquot taken and stored, in a 

polypropylene sample tube, in either the mother’s home, or the hospital, freezer. The 24 

hour collection was completed when the mother collected the last sample at the same 

time as the collection was commenced on the previous day. A 24 hour composite void 

was constructed by using relative proportions of each void volume to construct a sample 

representative of the total urinary output.  

 
2.1.5. Characteristics of the sample  

Twenty seven mothers were recruited into the study. One mother withdrew from the 

study due to difficulty in obtaining expressed milk during sampling. Twelve of the 

remaining 26 mothers were multiparae (MP) and 14 were primiparae (PP). Twenty-one 

mothers provided full reference samples of milk, blood and urine from Day 5 to Day 90. 

Nineteen mothers (8 MP; 11 PP) provided full involvement in the study protocol (ie: 

reference sampling from Day 5 to Day 90 post partum plus sampling during mastitis 

episodes at any time during their lactation). All but three of the 21 mothers were 

exclusively breastfeeding for all reference sample collections. Mothers 5 and 14 were 

offering between one to three complementary feeds per day at Day 90. Mother 19, who 

initially suffered with low supply, was offering supplementary feeds from Day 5 until 

Day 21, when she had established a full milk supply and was exclusively breastfeeding.  

Seven mothers provided limited participation. The primary reason for limiting their 

participation was stated by mothers to be the arduous and inconvenient task of sample 

collections (in particular the 24 hour urine collections). The remaining mothers 

consented to partial involvement in the study protocol, as follows: 
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Mother 3 (MP) entered the study with mastitis at Day 18. Although she provided 24 

hour urines during the mastitis episode she declined to provide 24 hour urine samples at 

subsequent reference samplings. Milk and serum samples were collected. 

Mother 6 (MP) withdrew after her first mastitis episode at Day 13. 

Mother 12 (MP) provided all reference sampling from Day 5 to Day 90 but left the 

country at 14 weeks post partum, therefore it was unknown if this mother suffered with 

mastitis later in her lactation. 

Mother 15 (MP) provided Day 5 reference samples and consented to only provide 

further samples if she suffered a mastitis episode. Mastitis episode samples were 

collected at Day 30 with follow-up seven days post resolution of symptoms. 

Mother 17 (PP) provided all reference samples from Day 5 to Day 90 and samples 

during her first mastitis episode at Day 60. She went on to suffer a further 3 episodes of 

mastitis over the following 4 months but felt unable to provide samples. 

Mother 20 (MP) Consented to provide only mastitis samples for episodes commencing 

Day 4 and Day 21. Reference samples from Day 5 to Day 90 were not provided. 

Mother 24 (PP) Consented only to provide mastitis samples for episode commencing 

Day 5 and then withdrew from the study. 

Where mothers only consented to mastitis sampling, a follow-up sample seven days 

after resolution of symptoms was always collected. 
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2.1.5.1. Descriptive Data 

Reference samples of milk and urine were collected on Days 5, 14, 30, 60, and 90 post 

partum. Reference samples of blood were collected on Day 5 and Day 14 post partum. 

The range for collection of samples during mastitis episodes was from Day 4 to Day 

402 post partum, median collection day for mastitis  = Day 30 (interquartile range: 14, 

165). The numbers of samples collected on each of the reference sample collection 

days was as follows: 

• milk composition (lactose, glucose, sodium, chloride, sIgA, lactoferrin, serum 

albumin and CRP)  

Day 5 (N = 23 mothers),  

Day 14 (N = 21 mothers),  

Day 30 (N = 24 mothers),  

Day 60 (N = 22 mothers),  

Day 90 (N = 22 mothers), and 

• blood composition (lactose, CRP) on  

Day 5, (N= 21 mothers) 

Day 14 (N= 20 mothers), and 

•  urinary lactose on 

Day 5 (N= 21 mothers) 

Day 14 (N= 20 mothers) 

Mothers were interviewed at each of the reference sample collection time points, and 

also when they reported either mastitis or blocked duct(s), to establish the presence of 

any illness or breast pathology. There were no episodes of engorgement identified 

during the study. Descriptive data on both non-inflammatory and inflammatory breast 

pathologies identified during the course of the study are summarized in Table 2.2. 

Breast pathologies identified according to mother and time post partum are shown in 

Appendix E. 
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Table 2.2  Inflammatory and non-inflammatory breast pathologies identified 
 during the course of the study  

Breast 

Pathologies 

identified 

Number 
of 

mothers  

Number 
of 

episodes 

Number 
of milk 
samples 

Median day 
of occurrence 
(interquartile 

range ) 

Range of 
occurrence 
(days post 
partum) 

 

Nipple 
trauma 

5 7 48 14 (7,126) 5-203 

Thrush 5 5 16 60 (30,161) 14-170 

Oversupply 3 3 30 29 (14,60) 5-62 

Low supply 1 1 4 9.5 (5,14) 5-14 

Vasospasm 1 1 6 30 (14,60) 14-60 

Blocked 
duct(s)(s) 

7  13 13 60 (25,102) 14-310 

Mastitis 14  22 77 49 (20,187) 5-402 
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2.1.6. Statistical analysis 

Descriptive statistics utilized means and standard deviations or medians and 

interquartile ranges, as appropriate, depending on normality. Whenever medians and 

interquartile ranges were appropriate, while previous studies only reported parametric 

summaries, means and standard deviations were also shown for comparison with 

previously published research.  

Hypothesis testing of all outcome measures was based on analysis of variance with 

repeated measures. Models were used where individual women were treated as random 

effects and comparison groups as fixed effects. Examples of comparison groups are 

mastitis/non-mastitis and nipple trauma/no nipple trauma. 

In the analysis of outcomes that occurred at various stages of lactation appropriate 

adjustment, using stage of lactation (day post partum) as one of the covariates in 

analysis of variance models, were made. Estimate effects were presented as means and 

95% confidence intervals (95%CI). Any p-values < 0.05 were considered significant. 

All data was analysed using the mixed model module in SPSS 11.0 for Mac OSX 

(2002) 

 

2.1.7  Sample Preparation 

2.1.7.1  Defatting of milk 

Milk samples were thawed at room temperature, cooled on ice, and inverted and rolled 

to mix before being pipetted into 400 µl polypropylene tubes  (Disposable  Product(s) 

Pty Ltd., Adelaide, South, Australia) and centrifuged for 10 min at 7000 g 

(Microcentrifuge II, Beckman, Adelaide, South Australia). The fat layer was removed 

by slicing the tube with nail clippers below the fat layer. The supernatant was removed 

and stored in 500µl polypropylene tubes at –200 C until assayed. 

2.1.7.2. Deproteinisation of serum and urine samples 

Reagents: The method, first outlined by Arthur (1988), was used to precipitate the 

protein from milk and serum samples. This method used 1 volume of neutralising buffer 

(b) mixed with 2 volumes of perchloric acid (a) producing a solution of about pH 7. 

The neutralising buffer (b) was prepared by adding 250ml of 1M potassium phosphate 

(pH7) to a calculated volume of KOH and making the total volume up to 500ml of 
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double deionised (DDI) water. To determine the volume of KOH required, the 

following method was used. 

A 1M perchloric acid solution (a) was titrated against 1ml of about 4M KOH (c) 

solution containing bromocresol indicator. The volume (ml) of KOH (c) required for the 

neutralising buffer (b) was calculated from: 

________500 x 2_______ 
volume of HClO4 titrated (ml) 

Method: 

 Serum samples were deproteinised by mixing 20µl of sample with 160µl of ice cold 

perchloric acid (a). After allowing to stand for 5min and then centrifuging at 3500rpm 

for 10min, the supernatant was removed (normally 120µl) and mixed with one-quarter 

volume (normally 53µl) of neutralising buffer (b). After standing for 5min and 

centrifuging at 3500rpm for 10min, the supernatant (usually about 120µl) was removed 

and stored at –200C until used for metabolite analyses. All solutions were kept at 0-50C. 

 Validation  

To check the variation in pH for the perchloric deproteinisation method, the pH of all 

deproteinated serum samples was measured on litmus paper when transferring the 

supernatant for storage. All samples showed positive for the colour range pH7. 

 

2.1.8 Sample Analyses 

2.1.8.1. Measurement of Lactose in Milk 

Method 
 
Spectrophometric assay  adapted from:  Kuhn and Lowenstein (1976) 

         modified by: Arthur et al. (1989b) 

Assay Principle: 
    β Galactosidase 
  Lactose + H2O                              galactose + glucose 

     Glucose oxidase  
  Glucose + O2  + H2O                                   gluconic acid  + H2O2 

          Peroxidase 
  H2O2   + ABTS (reduced)                              coloured complex  + H2O 

Where ABTS =2,2’-azino-di-[3-ethylbenzthiazoline sulphonate] 
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Reagents   

0.1 M Potassium Phosphate Buffer (pH 7.2)  50mM KH2PO4 

50mM K2PO4

Lactase Reagent 0.1mM MgCl2

0.1 M Phosphate buffer 

8U/ml β-Galactosidase 

Glucose reagent: 0.1M Phosphate buffer 

   9.6U/ml Glucose Oxidase 

2.5 U/ml Peroxidase 

500µg/ml ABTS (reduced) 

Lactose standards 0 –300mM prepared in DDI water from 300mM stock lactose 

solution 

Procedure 

Defatted milk samples and standards were diluted 1 in 150 with DDI water. Duplicate  

5µl samples of milk and standards were pipetted onto a 96-well plate (Titertek 

microtitration-multiwell plate, ICN biomedicals Inc, Ohio) and 50µl of lactose reagent 

added. After sealing (Linbro plate sealer, ICN Biomedicals) and mixing (WellMix2 

plate mixer, Denley Welltech, Australia), the plates were incubated at 370 C for 1h. 

Then 200µl of glucose reagent was added to each well and the contents mixed. After 

incubation at room temperature for 15min the absorbance values were read on a plate 

spectrophotometer (Titertek Multiscan/340®, Flow Laboratories, Perth, Australia) 

every 5min until peak absorbance at 405nm was reached (about 15min).  

The concentration of lactose in samples was compared against a standard curve ranging 

from 0-300mM lactose. The standard curves for lactose were linear with a correlation 

co-efficient for each curve of at least 0.995.  

Validation 

For all the assays performed a minimum of two quality control (QC) samples were 

included in each plate or run. Any assays where the QC values were 2 standard 

deviations (SD) from the mean were excluded. Duplicate values were accepted if the 

coefficient of variation (CV) was less than 10%. The recovery of a known amount of 

lactose added to defatted milk samples was 102 ±1.4% (n=17) The inter-assay CV was 

0.57% (n=10) 
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2.1.8.2  Measurement of Lactose in Serum 

Method 

Bioluminescent assay adapted from Homes et al. (1990) 

Principle 

   β. Galactosidase 

 Lactose + H2O    galactose + glucose 

 

   Galactose Dehydrogenase 
 Galactose + NAD+   β-galactonolactone + NADH + H+

 

Reagents 

Reaction Mixture 1  Buffer solution (pH 7.2)  KH2PO4   85mM 

MgCl2  1.9mM  

β-Galactosidase (B-Gal) 6.3 U/ml 

 
Reaction Mixture 2  Buffer solution (pH 7.2) KH2PO4  85mM 

MgCl2  1.9mM

    NAD+  2.9mM

    Galactose dehydrogenase   1.2 U/ml 

Sodium Hydroxide (NaOH) (10mM) 

Lactose standards 0 to 120µM made up in DDI water from 500µM stock lactose 

solution. 

Procedure 

Duplicate 45µl of deproteinised standards and samples were plated with 45µl of 

reaction mixture 1. Plate sealed, mixed and then incubated at 37oC for 60min. After this 

incubation 30µl of reaction mixture 2, was added and incubated for a further 60min at 

37oC. The reaction was stopped and the NADH stabilised by the addition of 100µl of 

10mM NaOH solution. Aliquots (40µl) from each well were transferred to a Microlite 

plate and 100µl of 10uM NaOH added before being read on the ML2250 

Luminometer®. 
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Validation 

The recovery of a known amount of lactose added to serum samples was 95.16 ± 6.7% 

(n=7). The interassay CV was for QC1: 2.8% (n=7); QC2: 4.1% (n=10) and QC3: 10% 

(n=7). 

 

2.1.8.3.  Measurement of Lactose in Urine 

 

Method Adapted from  Kuhn and Lowenstein, (1967) and 

Arthur, Kent and Hartmann (1989) 

 

Assay Principle 

β-galactactosidase  
Lactose + H20     Galactose + Glucose 
 

β-Galactose Dehydrogenase 
Galactose + NAD+    β Galactono-lactone + NADH + H+  
 
Reagents 

Assay reagent  72µM NAD+ 

   0.1M Potassium Phosphate Buffer (pH 7.2) 

   β-Galactosidase (22.5U/ml) 

   β-Galactose Dehydrogenase (220mU/ml) 

Procedure 

Initially samples and standards  (200µl) were deproteinised with 1.0M perchloric acid 

(200µl) and neutralized with KOH in phosphate buffer (pH7.2) making the final 

dilution 2.5.  However as no protein precipitate was observed with samples therefore all 

further samples and standards (200µl) were diluted each with 300µl of Phosphate 

Buffer. The diluted sample/standard (20µl) was plated onto a 96 well plate, in 

quadruplicate and freshly prepared assay reagent was added to two of the wells 

(200µl/well) and reagent without β-galactosidase was added to the other two wells. 

Following an incubation period of 90-120min at room temperature, the 340nm 

absorbance peak was measured using a Titretek Multiscan® MCC/340 plate 

spectrophotometer. Components of urine absorb light at 340nm, therefore the wells 

containing no β-galactosidase, control for this absorbance. Furthermore, any galactose 

in the urine sample was detected in the wells containing no β-galactosidase, allowing 
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absolute measurement of lactose concentration. The concentration of lactose in samples 

was compared against a standard curve ranging from 0-5mM lactose.  

Validation 

Samples were measured in duplicate and the inter-assay CV for QC1= 2.5% (n=7), QC2 

= 5.75% (n=5). Recovery ±SEM of a known amount of lactose added to urine samples 

was 99.11± 1.86% (n=10) 

 

2.1.8.4.  Measurement of Glucose in Milk 

Method adapted from: Arthur, Kent, and Hartmann (1989).   
 
Assay principle:   
      Glucose oxidase 

Glucose + O2 + H2O   gluconic acid + H2O2
      Peroxidase 

H2O2 + ABTS(reduced)   H2O + ABTS(oxidised)
 
 
Reagents:  

0.1M sodium citrate buffer (pH 5.5) 

   9.6U/ml Glucose Oxidase 

2.5 U/ml peroxidase 

500µg/ml ABTS (reduced) 

Glucose standards range 0 – 1.2 mM were prepared in DDI water from 10mM stock 

glucose solution 

 Method: 

Defatted milk samples and standards were diluted 1 in 200 with DDI water. Duplicate  

5µl samples of milk and standards were pipetted onto a 96-well titertek plate and 200µl 

of reagent added. After incubation at room temperature for 15min the absorbance values 

were read on a Titretek Multiscan® MCC/340 plate spectrophotometer every 5min until 

peak absorbance at 405nm was reached (about 15min).  

Validation 

The interassay coefficient of variation was 4.9% (n=18). Recovery ±SEM of a known 

amount of glucose added to milk samples was 97.3 ± 1.98% (n=13) 
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2.1.8.5.  Measurement of Sodium in Milk 

 Method adapted from: Hartmann and Prosser (1982). 

Modified by:   Cox et al. (1996). 

Assay Principle 

As sodium atoms ‘cool’ after excitation by flame, they fall back to their original 

unexcited state and emit radiation at specific wavelengths.  This signal is detected by an 

optical filter and the strength of signal is proportional to the number of molecules 

excited. 

Reagents 

Digestion Reagent: 25% HNO3 (v/v) and 1% H2O2 (v/v)  

15 mM Lithium Chloride 

Sodium standards of 0 to 80mM were prepared in DDI water from NaCl 

Procedure 

Defatted milk samples (10 µl) were mixed with digestion reagent (100 µl) in nitric 

acid/DDI water washed borosilicate tubes and incubated in a heating block (80-100 oC) 

for 60 min with a marble placed on top of each tube to prevent evaporation.  Following 

the incubation, the tube was cooled to room temperature, and 900 µl of 15 mM lithium 

chloride was added.  After calibrating the Corning435 ® flame photometer with sodium 

standards (0 to 80 mM), the concentration of sodium in each sample was determined. 

Intrassay QC was determined every 20 samples and where drift had occurred the probe 

was cleaned with Pepsin 0.1%, recalibrated and analysis recommenced. 

Validation 

The recovery of a known amount of sodium added to defatted milk samples was 98.4 ± 

7.2 % (n = 12). The intra-assay coefficient of variation for QC1=0.33 % (n = 8) and 

QC2=0.31% (n=6) and inter-assay coeffecient of variation for QC3=0.16% (n=12). 

 

2.1.8.6.  Measurement of Chloride in Milk  

Principle 

Chloride concentration was determined using a combination chloride ion electrode 

(ORION Model 96-17B®) and a direct concentration read out specific meter (ORION 
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490A+®). This electrode was developed specifically for measuring chloride in very 

small samples with minimal flow.  

Prior to measurement of chloride concentration in milk, assessments were made of the 

reliability and reproducibility of results in regard to time, temperature change and 

effects of differences in electrode slope (Table 2.3). Over the period of six days QC 

were repeatedly analysed. Each day the meter was calibrated using fresh samples 

decanted from the same stock standards (0-50mM) and adjusted for the ambient room 

temperature. The electrode slope was then measured and recorded before analyzing the 

QC. The coefficient of variation remained less than 10% despite varying room 

temperatures and electrode slope, although the electrode slope always remained within 

the range recommended by the manufacturers. The manufacturers recommended range 

for the electrode slope is between 54-60mV/decade when the solution temperature is at 

250C. 

Table 2.3.  Reproducibility of results according to temporal, slope and temperature 
variations 

Measurement Day  Day1  Day 2   Day 3   Day 4   Day 5   Day 6  CV 
(%) 

Electrode Slope 55.1 55.1 53.5 57.4 57.7 55.3  

Room Temperature 22.5 23.5 230C 250C 250C 23.50C  

QC1 (KK)  14.1 15.1 15.1 13.2 14.1 5.6 

QC2 (D4)  23 24.1 24.6 22.9 24 3.1 

QC3 (AS)  12.6 13.3 13.5 12.5 13.8 4.2 

QC4 (13/29) 20.3 20.1 19    3.6 

QC 5 (13/31) 30.6 30.6 29.3    2.4 

QC6 (13/37) 17 17.1 16.6    1.4 

QC7 (13/54) 45.2 45.5 42.7    3.5 

 

There was no significant difference (p<0.74) in analysis results in a test sample of 

whole milk and defatted samples (n=10), therefore milk was not defatted prior to 

analysis (Table 2.4). 
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Table 2.4. Reproducibility of results in whole and defatted samples of milk  

Type of 
Breastmilk 

Chloride (mmol/l) analysis  (230C Slope 55.8) 

Plain 13.9 26.4 26.4 23.9 36.5 13.2 13.3 17 24.2 13.9 

Defatted 13.8 26.8 25.3 23.6 33 12.9 14.2 15.1 23.5 13.8 

 
Quality control samples (n=5) were also used to test for the minimum volume that could 

be reliably used to analyse chloride concentration. Volumes tested were 0.25, 0.5, 1 and 

2ml in a 5ml polypropylene container.  Coefficient of variations were less than 10% for 

0.5ml (5.6%), 1ml (3.2%) and 2ml (4.7%) volumes. However the 0.25ml did not appear 

to give good coverage of the electrode and often took a long time to reach a stable 

reading, if at all. The 0.5ml volume was chosen as the minimum reliable volume of milk 

to be used in a 5ml tube for chloride analysis. 

 
Reagents 

1. Ionic Strength Adjuster (ISA) NaNO3 5M 

2. Chloride standards of 0-50mM were prepared with DDI  from 0.1M NaCl 

Standard 

3. Electrode Filling Solution 900002 

Procedure 

Ionic strength adjuster (ISA) was added to all chloride standards and samples so that the 

background ionic strength was maintained at a high level and kept constant relative to 

variable concentrations of chloride ions. Two ml of the ISA, NaNO3 5M, was added per 

100 ml of standard and samples as per manufacturers recommendations. Milk samples 

were measured in 0.5 ml volume in a 5ml polypropylene container and 10µl 

5MNaNO3(ISA) added to 0.5 ml sample of milk. The tube was gently rotated after the 

electrode was immersed in the sample until a stable reading was obtained. The electrode 

was rinsed in between each sample measurement with DDI water, and then blotted 

gently dry with clean tissue. Standard 2 (20mM Cl) was utilized as an internal QC and 

was read every 10 samples to detect any occurrence of drift. Where drift occurred the 

electrode was cleaned using the ORION polishing strips and recalibrated with electrode 

slope maintained between 54-60mV/decade. Analysis was then recommenced. 
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Frequency of cleaning was very variable according to samples being analysed. Where 

milk was visibly clotted, especially in mastitis samples, frequent cleaning was required. 

Validation 

The recovery of a known amount of chloride added to milk samples was 99.3 ± 1.78 % 

(n = 9). The inter-assay coefficient of variation for QC1= 1.8% (n=10) and QC2= 

1.7%(n=10) and QC3= 2.3%  (n = 10). 

 

2.1.8.7.  Measurement of  Serum Albumin in milk 

Method adapted from  Schwerer et al. (1987) 

Assay principle  

Enzyme Linked Immunosorbant Assay (ELISA) Polystyrene support – Abx- Ag- 

Aby*E 

Where Abx = Rabbit anti-human serum albumin IgG (polyclonal)   

   Ag = Serum albumin (milk sample or standard)   

   

  Aby = Rabbit anti-human serum albumin IgG (polyclonal) conjugated to 

   horseradish peroxidase (*E) 

Reagents 

1.  Phosphate buffered saline (PBS): 1.1 mM KH2PO4  

       140 mM NaCl   

       4.5 mM Na2HPO4.7H2O 

       2.7 mM KCl 

The components were dissolved in DDI water and the pH adjusted to 7.4 with 1.0 M 

HCl. 

2.  PBS Tween: Tween 20 (0.05% w/v) was dissolved in PBS, pH 7.4. 

3.  Colour reagent:  67 mM Citric Acid   

      77 mM Na2HPO4.7H2O  

      6% (v/v) H2O2    

      1% (v/v) reduced ABTS 
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The components were dissolved in DDI water and the pH adjusted to 5.2 with 1.0 M 

HCl. 

Procedure 

Rabbit anti-human serum albumin IgG (diluted 1 in 3000 in PBS; 250µl) was coated 

onto the Immulon® 2 HB microtiter® 96 well plate (Dynex Technologies Inc, 

Chantilly, VA) and incubated for 1 hour at 37°C.  The solution was discarded and 

excess reagent removed by gently tapping the plate onto absorbent paper.  Blocking 

solution (50 g/l soy milk powder in PBS Tween; 300µl) was added to each well and 

incubated for 30 min at room temperature.  The plate was then washed three times with 

PBS Tween and solution discarded as above.  The standards (range 0 to 9 �g/l diluted 

in PBS Tween), samples and quality controls (diluted 1 in 40 000 in PBS Tween; 

200µl) were added to the wells in duplicate.  The plate was sealed and incubated for 

1hour at 37°C.  After the plate was washed as above, Rabbit anti-human serum albumin 

IgG conjugated to horseradish peroxidase (diluted 1 in 2000 in PBS Tween containing 1 

g/l BSA; 200µl) was added and incubated at 37°C for 1hour.  The plate was then 

washed six times with PBS Tween and rinsed three times with DDI water.  The colour 

reagent (200µl) was added and incubated at room temperature for 30 min.  The reaction 

was stopped by the addition of sulphuric acid (3M; 100µl) and the absorbance of the 

plate was read at 405nm by Titertek Multiskan MCC/340® plate reader. 

Validation 

The recovery of a known amount of serum albumin added to milk samples was 102.9 ± 

4.9 % (n = 10), and the inter-assay coefficient of variation was 8.0 % (n = 10). 
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2.1.8.8  Measurement of sIgA in Milk 

Assay Princple: 

Enzyme Linked Immunosorbant Assay (ELISA) from Tijssen (1985) 

Polystyrene support – Abx-Ag-Aby-Abz*E 

Where Abx = Rabbit anti-human IgA IgG (polyclonal) 

 Ag=IgA (milk sample or standard) 

 Aby = Mouse anti-human IgA IgG (monoclonal) (or anti secretary human IgA) 

 Abz*E = Goat anti-mouse IgG conjugated to horseradish peroxidase (*E) 

 

Reagents: 

Phosphate buffered saline (PBS) 

Phosphate buffered saline with Tween (PBS Tween) 

Soy milk powder 

Bovine serum albumin BSA 

Standard sIgA (human colostrum) 

Rabbit anti-human – IgA IgG 

Mouse anti-human – IgA IgG 

Goat anti-mouse IgG conjugated to horseradish peroxidase 

Colour reagent (reduced ABTS) 

Sulphuric acid 

Procedure: 

The PBS was prepared with potassium phosphate (1.46mM), di-sodium hydrogen 

orthophosphate dihydrate (6.46mM), potassium chloride (2.68mM) and sodium chloride 

(136mM) in DDI. The pH of the solution was adjusted to 7.4 with 1.0 HCl before it was 

made up to final volume. For PBS Tween, Tween 0.05%w/v was added before being 

made up to final volume. The soya milk powder in PBS Tween (50g/l) was used as a 

blocking solution. Standard human sIgA was prepared in PBS Tween (range 0 to 

0.4µg/ml). Milk samples were diluted 5000 fold in PBS Tween for analysis. 
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Rabbit anti-human IgA IgG was diluted 6000 fold in PBS. Mouse ant-human IgA IgG 

conjugated to horseradish peroxidase was diluted 4000 fold in PBS Tween containing 

1g/l BSA The use of BSA prevented any non-specific absorption during the reaction. 

Colour agent was prepared containing hydrogen peroxide (6%w/v), reduced ABTS 

(1%w/v) in citric acid-sodium phosphate buffer (pH 5.2, 57mM citric acid, 77mM di-

sodium hydrogen phosphate. All antibody solutions and the colour reagent were 

prepared just prior to use. Sulphuric acid (3M) was made up in DDI water. 

Rabbit anti-human IgA solution (250ul) was coated onto the Immulon® 2 HB 

microteter® plate (96 wells) and was left in the wells either overnight at 40C or 1hour at 

370C The solution was then discarded by inverting the plate over a sink, using a 

throwing motion, and gently tapping onto an absorbant towel to remove an adhering 

drops. 

Blocking solution (300µl) was added to each well and incubated for 30min at room 

temperature. The plate was then washed three times with PBS Tween, which was then 

removed as previously described. 

The standards, samples and controls (200µl) were added to the wells in duplicate. The 

plate was sealed and incubated for 1hour at 370C. Procedures were the same as when 

applying goat anti-mouse-IgA IgG solution. 

The plate was then washed six times with PBS Tween and rinsed three times with DDI 

water. Colour reagent (200µl) was added and incubated at room temperature for 30min. 

The reaction was stopped by the addition of sulphuric acid (100µl). The absorbance of 

the plate was read at 405nm by Titretek Multiskan® MCC/240 plate reader. 

Validation 

The recovery of a known amount of sIgA added to milk samples was 100.5 ± 3.0% (n = 

11), and the inter-assay coefficient of variation was 3.8 % (n = 10). 
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2.1.8.9.    Measurement of Lactoferrin in Milk 

All solutions, except standard and anti-human lactoferrin conjugated to HRP (horse 

radish peroxidase) were prepared in the same way as for sIgA. Human lactoferrin 

standard ranged from 0 to 0.02ug/ml. The samples were diluted 200,000 fold in PBS 

Tween. The antihuman lactoferrin conjugated to HRP was diluted 5,000 fold in PBS 

Tween containing 1g/l.  

Procedures for lactoferrin ELISA assay were the same as for sIgA. 

Validation 

The recovery of a known amount of lactoferrin added to milk samples was 96.7 ± 5.9% 

(n = 5), and the inter-assay coefficient of variation was 4.9% (n=10). 

2.1.8.10.  Measurement of C-reactive protein in milk and serum 

Method 

C-reactive protein (CRP) was quantified by Rate Nephelometer (Beckman-Immage ) 

using CRP reagent kits supplied by Beckman Instruments Inc.  Analysis was 

conduct(s)ed  at a commercial laboratory  by the senior scientist, Biochemistry, Western 

Diagnostic Pathology Laboratories in Myaree, Perth, Western Australia. 

Principle 

The Immage® CRP test measures the rate of increase in light scattered from particles 

suspended in solution as a result of complexes formed during an antigen-antibody 

reaction as follows: 

CRP (sample) + particle bound                             [CRP (sample-antibody complex] 
                         anti-CRP (antibody)    
    
Procedure 

Aliquots of 0.46µl of the samples and 24µl of antibody were added to 300µl of Buffer 3 

and 16.04µl of Diluent 1 (total volume 340.5µl) and gently mixed in disposable 

Beckman semi microcurvettes. The reactions were allowed to proceed for 20min at 

37oC. 

 

Validation. 

The recovery of a known amount of serum CRP added to milk samples was 90.5 ± 5.6% 

(n=10). Interassay CV was determined using Dade Behring Immuno 1 (10mg/l) and 3 

(38 mg/l) and was 4.4% (n=41) and 6.3% (n=41) respectively. Sensitivity for serum and 

milk CRP determination was 1mg/l. 
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2.1.8.11.    Bacteriological Analysis of Milk 

Bacteriological analysis, cell and colony counts were conducted at a commercial 

laboratory by the Senior Scientist, Microbiology, Western Diagnostics Pathology 

Laboratory, Myaree, Western Australia 

Method 

Bacterial cultivation 

Fresh milk sample (100µl) was cultured on Horse Blood and Choc agar, both 

formulations using oxoid agar bases. Each plate was air dried in 350C for 45min and 

dried prior to pipetting each agar plate with sample. The inoculum was spread over the 

surface of each of the agar plates using one edge of a nichrome wire loop. Both plates 

were incubated at 350C in an 8% CO2 atmosphere for a total of 48 hours. Colony counts 

were performed at 24 hour incubation and again at 48 hours. The second count 

confirmed the first as well as allowing fastidious organisms to grow. The numbers of 

bacteria seen in the gram stain dictated whether a dilution of fresh milk was carried out 

for the colony count. 

Colony Counts 

The colony count (colony forming units per ml) was determined by the number of 

colonies of each different species x 10 x dilution factor. The identification of the 

different species, and their antibiotic sensitivity, was carried out by a range of classical 

characterization tests (Cowan and Steel, 1993) 

Leukocyte  counts 

Freshly expressed milk samples were mixed thoroughly and 200µl was placed on a 

microscopic slide. The sample was air dried on a warming plate and, when dry, fixed 

with methanol for 7min. A standard gram stain was performed and the smear assessed 

under high power oil microscopy (Olympus BX50). Leucoytes were assessed 

qualitatively as, “not seen”, “scant”, “moderate” and “many”. Bacteria were assessed in 

the same manner. 

2.2. MATERIALS 

2.2.1. Enzymes 

All enzymes required for the research methods used throughout this thesis are listed in 

Table 2.5.  Those supplied as enzyme suspensions were used without further treatment.  
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Those supplied as lyophilised enzymes were solubilized with the appropriate buffer 

prior to use. 

Table 2.5 The source and abbreviation of enzymes used for metabolite analyses. 

Enzyme    Source     E.C.number  

Boehringer Mannheim Australia, North Ryde, NSW, Australia 

ß-Galactosidase   Escherichia coli   3.2.1.23 

ß-Galactose dehydrogenase 

Sigma Chemical Co., St Louis, Missouri, USA 

Glucose Oxidase   Aspergillus niger   1.1.3.4 

Peroxidase    Horse radish    1.11.1.7 

2.2.2 Antibodies 

All antibodies required for the research methods used throughout this thesis are listed in 
Table 2.6.  
 
Table 2.6 Source of all antibodies used for the Enzyme Linked Immunosorbent  

Assays. 

ANTIBODY         SOURCE 

DAKO, Sydney, NSW, Australia 

Anti-human serum albumin       Rabbit 

Anti-human IgG conjugated to horseradish peroxidase   Rabbit 

Anti-human IgA, specfifc for alpha-chains     Rabbit 

Monoclonal Anti-human IgA       Mouse 

Bio-Rad laboratories Pty Ltd, Regents Park NSW, Australia 

Anti-mouse IgG (H+L), Affinity Purified, HRP conjugated   Goat  

ICN Biomedicals Inc; Aurora Ohio 

Anti-human lactoferrin, affinifty purified     Rabbit 

Anti-human lactoferrin, affinifty purified, HRP-conjugated   Rabbit  
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2.2.3 Chemicals 

All chemicals required for the research methods used throughout this thesis are listed in 

Table 2.7.  Chemicals used were of analytical grade and required no further purification.  

Solutions were prepared in DDI water (NANOpure, Sybron/Barnsted, Massachusetts, 

USA) 

Table 2.7  Chemicals used, their supplier and abbreviation where appropriate. 

Chemical         Abbreviation 

Ajax Chemicals Pty Ltd., Melbourne, VIC, Australia 

Ammonium Sulphate        (NH4)2SO4

Citric Acid         

di-sodium hydrogen orthophosphate dihydrate   Na2HPO4 7H2O  

Ethylenediamine tetra-acetic acid, tetra-sodium salt    EDTA 

Hydrochloric acid (32% w/w)        HCl  

Nitric Acid          HNO3

Orthophosphoric acid (85%)       H3PO4

Perchloric acid (70%)        HClO4

Potassium Chloride         KCl 

Potassium hydroxide        KOH 

Sodium Chloride         NaCl 

ICN Biomedicals Inc; Aurora Ohio 

Human lactoferrin (colostrum) 

Human sIgA (colostrum) 
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Table 2.7  (cont)  Chemicals used, their supplier and abbreviation where appropriate. 

Chemical         Abbreviation 

BDH Chemicals Pty Ltd., Point Fairy, VIC, Australia  

Di-potassium hydrogen orthophosphate 3-hydrate    K2HPO

Glacial Acetic Acid         CH3COOH 

Hydrochloric Acid         HCl 

Hydrogen peroxide (30% v/v)       H2O2 

Lithium Chloride         LiCl 

Magnesium chloride        MgCl2

Potassium dihydrogen orthophosphate      KH2PO4

Sodium hydroxide        NaOH 

Sodium Nitrate        NaNO3

Sulphuric acid          H2SO4  

Boehringer Mannheim Australia, North Ryde, NSW, Australia 

2,2’-Azino-di(3-ethyl-benzthiasolinsulphonate)-6-sulphonate  ABTS 

Nicotinamide dinucleotide, reduced      NADH 

Nestle, Sydney, Australia 

Soy milk powder 

Sigma Chemical Company, St. Louis, Missouri, USA 

Bovine serum albumin        BSA 

Bromophenol blue         

Human serum albumin        

Glucose  

Lactose          

Tween 20    
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Sodium phosphate, dibasic, heptahydrate    Na2HPO4.7H20 
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 PART I 

THE EFFECT OF NON-INFLAMMATORY DISORDERS ON                              
THE BIOCHEMICAL COMPOSITION OF MILK  

 
3.1 INTRODUCTION 

There is a substantial amount of research in the literature reporting the normal 

biochemical composition of milk in women throughout lactation. Factors affecting 

changes in milk composition, such as initiation of lactation and weaning, have been 

well described (Neville et al., 1991). However, with the exception of mastitis, studies 

investigating the temporal changes in the composition of milk have generally not 

attempted to identify other factors that may also cause variation of milk composition 

between women. This is despite the fact that a number of clinical conditions have been 

observed to affect the composition of milk. For example, during lactogenesis II, factors 

such as retained placenta (Neifert et al., 1981), insulin dependent diabetes mellitis 

(Arthur et al., 1994), premature delivery (Cregan et al., 2002) and caesarean section 

(Evans et al., 2003) have been found to be associated with a delayed initiation. During 

established lactation maternal infection, other than mastitis, has also resulted in changes 

in milk composition (Zaveleta et al., 1995; Georgeson et al., 2003). The data currently 

available on milk composition throughout lactation, assumes that the milk samples were 

taken from a sample of healthy breastfeeding women. However, apart from mastitis, 

medical and breastfeeding disorders may not always be overtly obvious. Without a 

physical breast examination and detailed medical and breastfeeding history, the 

presence of either systemic disease or breastfeeding disorders such as, mastalgia, supply 

issues, nipple trauma and nipple pain cannot be taken into consideration. Such disorders 

may have a significant impact on the concentrations of components in milk. As it is the 

quoted normal composition of breastmilk that is used as a basis for breastmilk 

substitutes and the fortification of mother’s own milk for premature infants, it is 

important to identify any medical or breastfeeding disorder that might potentially 

impact upon the normal variation of milk composition in women.  

This chapter discusses the non-inflammatory factors influencing changes in milk 

composition and lactose excretion in urine observed over the first three months post 

partum. Interviews and examinations conducted at the reference sample collection times 

of Days 5, 14, 30, 60 and 90 post partum revealed several women were experiencing a 

range of non-inflammatory breastfeeding disorders. Normal milk composition was 
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established using data from “healthy” (asymptomatic) breasts at the five post partum 

reference sample collection days. Results from a group of women whose right and left 

breasts were both “healthy” at all collection points are discussed in relation to their 

birthing, medical and breastfeeding histories. Temporal variation in milk composition 

related to initiation of lactation is examined in women with “healthy” breasts and 

factors possibly affecting variation at initiation of lactation are discussed. Milk 

composition, from women who reported non-inflammatory breastfeeding disorders at 

each of the reference sample collection days is considered and changes in milk 

composition are discussed in relation to each pathology identified. 

 

3.2. COLLECTION OF MILK, BLOOD AND URINE FOR REFERENCE 

ANALYSIS. 

Twenty four hour urine samples and milk from the right and the left breasts of 26 

mothers in the study cohort were collected at the reference intervals of Days 5, 14, 30, 

60 and 90, post partum. Blood samples were collected at Day 5 and Day 14. At each of 

these collection points mothers were physically examined and interviewed regarding the 

presence of either breast symptoms or systemic illness. Not all 26 women in the sample 

were asymptomatic at all of the five post partum collection days. Four mothers were 

suffering with mastitis at Day 5 (Mother 2(M 2), M20, M24 and M26). Other than 

mastitis, there were no systemic inflammatory illnesses reported. One mother was 

receiving thyroxine for Hashimoto’s thyroiditis (M21), which had been previously 

diagnosed, and her thyroxine levels remained stable prior to and throughout her 

pregnancy and lactation. Several mothers reported a variety of non-inflammatory breast 

symptoms. These were categorised into a number of either breastfeeding disorders, or 

breast pathologies. They were: nipple trauma, nipple vasospasm, low supply, perceived 

oversupply and thrush in the breast (operational definitions outlined in Chapter 2). 

Appendix E shows details of the type of breast pathologies suffered according to 

mother, breast and time post partum. 

The number of reported breast pathologies decreased after the first two weeks post 

partum which resulted in an increasing number of milk samples collected from 

asymptomatic breasts from Day 30 onwards (Table 3.1). Some mothers had only one 

asymptomatic breast at any given reference sample collection time day. For example, 

although M1 is included in all reference collection points she experienced nipple trauma 
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to her left breast at Day 5 and Day 14 post partum and to her right breast at Day 30, 60 

and 90 post partum. Therefore she contributed milk from only one asymptomatic breast 

at each reference collection day. 

Only four of the women outlined in Table 3.1 were asymptomatic in both breasts at all 

five consecutive reference sample collection days. These were M5, M16, M21 and 

M23. M8 was not recruited until Day 7 therefore there were no Day 5 samples 

available, however she was asymptomatic in both breasts at the four remaining 

collection days. 

The data from milk, blood and urine samples taken from mothers whose breasts were 

assessed to show signs or symptoms of breast pathology were excluded from the 

analysis of normal “healthy” (asymptomatic) samples. The data from analyses of milk 

from “healthy” breasts, and blood and urine from asymptomatic mothers, provide a 

description of normal milk biochemistry, in this sample, from Day 5 to Day 90 post 

partum. They also provide a reference base for comparison of the biochemical milk 

composition from breasts of those women who did suffer with breast pathology during 

their lactation.  

 

 
 
 
 
Table 3.1  Number of milk samples from “healthy” breasts collected at each 

reference time interval post partum  
   
Day Post 
Partum 

Number 
samples from  

“healthy” 
(asymptomatic) 

breasts  

Number 
of 

mothers  

Mothers ID 

Day 5 26 15 M1,4 5,6,7,9,10,11,12,13,15,16,18,21,23 

Day 14 25 15 M1,4,5,7,8,9,11,13,16,18,21,23,24,25,26 

Day 30 32 19 M1,2,3,4,5,7,8,9,10,11,13,16,18,19,20,21,23,25,26 

Day 60 33 18 M1,2,3,4,5,7,8,10,11,13,16,18,19,21,22,23,25,26 

Day 90 40 22 M1,2,3,4,5,7,8,9,10,11,12,13,14,16,17,18,19,21,22,23,25,26, 
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3.3 RESULTS 

3.3.1 Biochemical composition of milk from “healthy” breasts. 

Milk samples collected from “healthy” breasts at the five reference days post partum 

were analysed for composition of lactose, glucose, sodium, chloride, serum albumin, 

sIgA, lactoferrin and C-reactive protein (CRP). C-reactive protein determination was 

restricted to milk samples from Days 5 and 14. Sample numbers (shown in Table 3.1) 

vary at each day of collection due to some mothers providing limited participation and 

other mothers suffering either mastitis or other non-inflammatory breast symptoms at 

the time of collection, therefore excluding them from the “healthy breast” sample.  

The mean and SD for the concentrations of milk components measured in the right and 

left breasts at each reference day are presented in Table 3.2. Mixed model analysis, 

adjusted for the presence of any breast symptoms and stage of lactation, showed no 

significant difference between concentrations of milk components in the right and left 

breasts. Statistics are shown in Table 3.3.  
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Table 3.2: Reference values for breastmilk from “healthy” right and left breasts collected at the reference sample Days 5, 14, 30, 60, and 90. 
All values shown are in mmol/l except CRP which is shown in mg/l and serum albumin, lactoferrin and sIgA in g/l. 

 
DAY Post 

Partum 
Day   5  Day   14  Day   30  

BREAST   Right 
(N=14) 

Left   
(N=12) 

Combined 
(N=26) 

Right  
(N=13) 

Left 
(N=12) 

Combined 
(N=25) 

Right 
(N=15)  

 Left 
(N=17) 

Combined 
(N=32) 

lactose  165 ± 23.4  165 ±19.2 164 ± 21.2 173± 21.3 169± 18.5 171 ±19.6  178 ±18.8 177±  18.2 178 ±18.2   
glucose 1.4 ± 0.69 1.12 ± 0.65 1.27 ± 0.68 1.4 ±0.51 1.4± 0.43 1.4 ±0.47 1.6± 0.47 1.7±0.46 1.67 ±0.46 
sodium 20.8 ± 8.7 22 ± 7.5 21.4  ± 8.0 13.6±4.2 13.1± 5.5 13.4± 4.8 12.9± 2.4 12.3± 2.3 12.6± 2.3 
chloride 31 ± 9.1 31.6 ± 8.5 31.2 ± 8.6 21.2 ±3.0 21 ±3.9 21.1± 3.4 18± 2.6 19.1 ±4.5 18.5± 3.7 

sIgA 1.6 ± 0.59 1.7 ± 0.5 1.65 ± 0.55 1.3±  0.53 1.3 ± 0.57 1.3± 0.54 1.0 ± 0.37 1.0 ± 0.42 1.0± 0.4 
lactoferrin 5.4 ± 2.7 6.2 ± 3.0 5.8 ± 2.8 3.6 ±1.8 3.9± 3.8 3.8± 2.9 2.9± 1.4 2.9 ± 0.88 2.9 ±1.8 

Serum albumin 0.37 ± 0.31 0.66 ± 1.0 0.51 ± 0.72 0.44 ±0.6 0.6±.0.2 0.52± 0.19 0.5 ±0.16 0.5 ±0.55 0.51± 0.20 
CRP 0.35 ± .62 0.43 ± .61 0.39  ±  .6 0.67 ±1.0 0.67 ±1.0 0.67 ± 1.0    

 
DAY Post 

Partum 
Day   60  Day   90 

BREAST   Right 
(N=15) 

Left  
(N=18) 

Combined  
(N=33) 

Right 
(N=18) 

Left 
(N=22) 

Combined 
(N=40) 

lactose  172 ± 16      178 ± 15.5 175 ± 16     175± 23.6  176± 14.3  175± 18.8  
glucose 1.7±  0.51 1.7±  0.53 1.7±  0.51 1.6±  0.63 1.6± 0.48 1.6± 0.54 
sodium 13.3± 4.9 13.3 ± 4.9 13.3 ± 4.9 12.7± 4.8 12.5± 3.9 12.6± 4.3 
chloride 19.7 ± 5.7 19.8 ± 5.7 19.7 ± 5.6 20.3± 5.8 19.6± 5.0 19.9± 5.3 

sIgA 0.97±  0.36 1.1±  0.4 1.0± 0.38 1.2±  0.51 1.0± 0.47 1.1± 0.5 
lactoferrin 2.2 ± 1.3 2.3 ± 1.2 2.2 ± 1.2 3.1 ± 1.3 2.2± 0.89 2.6± 1.2 

Serum  albumin 0.34 ±0.1 0.35 ±0.01 0.35 ±0.01 0.37±  0.14 0.33 ±.15 0.35±0.14 
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Table 3.3. Statistics showing level of significant difference for concentrations of 

milk components between “healthy” right and left breasts over the 
reference sample Days: 5, 14, 30, 60, and 90 days post partum   

 
Milk component measured in 

right and left breasts 

Statistics 

Sodium p<0.29; df:1,184; F=1.1 

Chloride p<0.15; df:1,184; F=2.1 

Glucose P<0.26; df:1,184; F=1.3 

Lactose P<0.54; df:1,181; F=0.4 

Serum albumin P<0.140; df:1,110; F=2.2 

Lactoferrin P<0.51; df:1,182; F=0.4 

sIgA P<0.75; df:1,182; F=0.1 

 

3.3.2. Lactose Excretion During Normal Lactation 

As with milk components, the concentration of lactose in urine over a 24 hour period 

was also measured at the reference Days: 5, 14, 30, 60 and 90 post partum. In addition 

the concentration of lactose in blood, from a single sample taken during the 24 hour 

urine collection, was measured at Day 5 and Day 14. Descriptive data (mean ± SD) for 

the amount of lactose excreted in urine over 24 hours is compared to the concentration 

of lactose in blood at the same sampling time and is shown in Table 3.4. The percentage 

of lactose excreted in urine over a 24 hour period was calculated using an assumed 

average milk production of 750ml/24 hour. This figure was used as pooled data (Dewey 

et al., 1986) from four studies found 24 hour milk production between 6 and 18 weeks 

post partum was 755 ± 177g. However, reports for milk production in the first few 

weeks post partum is lower and varies from 556g/24 hour at Day 6 (Arthur et al.1989b) 

to 600g/24 hour at Day 4 (Neville et al., 1991) to 705g/24 hour at Day 5 (Saint et al., 

1984). However, these figures are arrived at by measuring milk transfer to the infant. 

This method does not necessarily reflect actual production, especially as clinical 

observation reports that mothers have an overproduction of milk at onset of lactogenesis 

II compared to infant requirements, which then down-regulates according to demand. 

Therefore 750ml/24 hour was applied as an average daily milk production from Day 5 
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to Day 90 post partum. This may have resulted in an underestimation of the proportion 

of lactose excreted in urine if average milk production was lower at the early weeks of 

lactation. The data in Table 3.4 show the concentration of lactose in milk increases up 

to Day 30 post partum and, the concentrations of lactose in urine and blood decrease in 

a corresponding manner, however the concentrations of lactose in blood and the 

excretion of lactose/24 hours were not well correlated (p<0.051, r=0.3). The 

excretion/24 hour of lactose in urine remained fairly stable from Day 30 onwards with 

approximately 2% (<3 mmol/24 hour) of milk lactose calculated as being excreted over 

a 24 hour period  

 

 

 

 

Table 3.4. Percentage of lactose excreted in urine/24 hour in mothers whose right 
and left breasts were both “healthy” 

* amount of milk lactose/24 hour calculated by assuming an average 
milk production of 750ml/24 hour 

Day 
postpartum  

Milk lactose 
mmol/l           

(mean ± SD   
n=number of 

breasts) 

Urinary lactose 
mmol/24 hour 

(mean ± SD 
n=number of 

women)  

*Percentage 
of milk 
lactose 

excreted in 
urine/24 hour

Blood lactose 
µmol/l        

(mean ± SD 
n=number of 

women) 

Day 5 164 ± 21.2         
(n=26) 

4.9   ± 3.2        
(n=13) 

3.9% 41.6  ±19.5 
(n=13) 

Day 14 171 ± 19.6         
(n=24) 

3.4  ± 1.1        
(n=12) 

2.6% 39.5 ± 15.6 
(n=12) 

Day 30 178  ± 18.2        
(n=32) 

2.9  ± 1.15       
(n=16) 

2.2%  

Day 60 175  ± 16          
(n=32) 

2.85 ± 1.67       
(n=16) 

2.2%  

Day 90 175  ± 18.8        
(n=40) 

2.65  ± 1.46      
(n=20) 

2.0%  
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3.3.3. Variation in milk composition and lactose excretion over time post partum  

Comparisons of the trends in milk composition and excretion of lactose in urine over 

Day 5 to Day 90 post partum, for “healthy” breasts, are shown in Figures. 3.1 to 3.9.  

The concentration of electrolytes, sodium and chloride, and the immune components, 

lactoferrin and sIgA,  all decrease significantly to Day 30 before plateauing out to Day 

90. The concentration of the major osmole, lactose, continued to rise to Day 30 before 

plateauing out to Day 90. Conversely, urinary and blood lactose continued to decrease 

over time. Glucose, the obligate precursor to lactose, continued to rise to Day 60, then 

showed a slight decline at Day 90. Serum albumin in milk remained fairly stable over 

the 12 weeks post partum, although some extreme values were detected at Day 5. 

Analysis of data using the mixed effects model found a significant difference between 

the reference days for all milk and urine components measured. Only the concentration 

of lactose in blood showed no significant difference between Day 5 and Day 14. 

Statistical analyses from the mixed effects models are reported at each figure. 
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Figure 3.1: Milk lactose concentrations (mmol/l) at reference collection days in 
                     “healthy” breasts (N= number of breasts sampled) p<0.005, df: 4,136; 
                     F=3.9 
The variation at each reference sample collection point is demonstrated graphically by 
the median surrounded by a box, which represents the interquartile range, containing 
50% of values. The whiskers are lines that extend from the box to the highest and 
lowest values, excluding outliers. Outliers (>2 box lengths) are shown as O and extremes 
(>3 box lengths) as *. 
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Figure 3.2: Milk glucose concentrations (mmol/l) at reference collection days in  
                    “healthy” breasts (N= number of breasts sampled) p<0.001; df:4,133;  
                    F=5.1 
Details are explained at Fig 3.1 
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Figure 3.3: Urinary lactose concentrations (mmol/24 hour) at reference collection days 
                    in women with “healthy” breasts (N= number of women sampled) p<0.001,  
                    df:4,124; F=13.2 
The variation at each reference sample collection point is demonstrated graphically by 
the median surrounded by a box, which represents the interquartile range, containing 
50% of values. The whiskers are lines that extend from the box to the highest and 
lowest values, excluding outliers. Outliers (>2 box lengths) are shown as O and extremes 
(>3 box lengths) as *. 
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Figure 3.4: Blood lactose concentrations (µmol/l) at reference collection days in  
                    women with “healthy” breasts (N= number of women sampled) p<0.229,  
                    df:2,153; F=1.5 
The details are shown at Fig 3.3. 
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Figure 3.5. Milk sodium concentrations (mmol/l) at reference collection days in  
                    “healthy” breasts (N= number of breasts sampled) p<0.001; df:4,134;  
                    F=26.7. 
The variation at each reference sample collection point is demonstrated graphically by 
the median surrounded by a box, which represents the interquartile range, containing 
50% of values. The whiskers are lines that extend from the box to the highest and 
lowest values, excluding outliers. Outliers (>2 box lengths) are shown as O and extremes 
(>3 box lengths) as *. 
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Figure 3.6: Milk chloride concentrations (mmol/l) at reference collection days in  
                    “healthy” breasts (N= number of breasts sampled) p<0.001; df:4,135;  
                    F=34.4. 
Details are shown at Fig. 3.5. 
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Figure 3.7. Milk lactoferrin concentrations (g/l) at reference collection days in  
                    “healthy” breasts (N= number of breasts sampled). p<0.001; df:4,138;  
                    F=17.6. 
The variation at each reference sample collection point is demonstrated graphically by 
the median surrounded by a box, which represents the interquartile range, containing 
50% of values. The whiskers are lines that extend from the box to the highest and 
lowest values, excluding outliers. Outliers (>2 box lengths) are shown as O and extremes 
(>3 box lengths) as *. 
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Figure 3.8. Milk sIgA concentrations (g/l) at reference collection days in “healthy”  
                    breasts (N= number of breasts sampled). p<0.001; df:4,130; F=15.6. 
                    Of note was the data from Mother 8, who showed no sIgA in her milk at   
                    any collection point, due to IgA deficiency.  These results were excluded 
                    from the data shown in this figure. 
Details are shown at Fig. 3.7. 
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Figure 3.9: Serum albumin in milk, concentrations (g/l) at reference collection days in  
                    “healthy” breasts (n= number of breasts sampled) p<0.041; df:4,118,  
                    F=2.6. 
 
The variation at each reference sample collection point is demonstrated graphically by 
the median surrounded by a box, which represents the interquartile range, containing 
50% of values. The whiskers are lines that extend from the box to the highest and 
lowest values, excluding outliers. Outliers (>2 box lengths) are shown as O and extremes 
(>3 box lengths) as *. 
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The data presented in Figures 3.1 to 3.9 show there was considerable variation in the 

individual breastmilk composition from the mothers in this sample, particularly during 

the first 2 weeks post partum. Individual variation, both between and within each 

mother, is highlighted in five women (Fig. 3.10 to 3.17.), chosen because both breasts 

remained asymptomatic at all five reference collection days with the exception of one 

mother (M8). No values appear for M8 on Day 5, as she was not recruited until Day 7. 

Values shown are the mean of samples from right and left breasts combined for each 

mother on each reference collection day. All mothers reported they were exclusively 

breastfeeding at all collection days. Although each of the five mothers was 

asymptomatic at the time of the reference collections only M5, M16, and M23 were 

asymptomatic during the full course of their lactation. Mother 21 was asymptomatic 

until Day 280 post partum after which time she suffered with recurrent episodes of 

mastitis. Mother 8 experienced blocked ducts six times during the twelve week 

reference sample collection period, but was asymptomatic at each of the reference 

collection days. On analysis of her milk it was found that there was no detectable sIgA 

present in any of her milk samples. As a result of this her Day 14 blood sample was sent 

to an independent commercial laboratory where IgA, IgG and IgM in blood were 

analysed. The results were <0.0667, 11.3, and 2.92 g/l, respectively. This resulted in a 

diagnosis of IgA deficiency, of which the mother was not previously aware 

 

 



 

 

 
 

Some images on pages 70-72 and page 76 could not be included in the digital version 
of this thesis for technical reasons. 
 
Please refer to the print copy of the thesis, which is held in the University Library. 
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Figure  3.10.     Longitudinal changes of sodium in milk of five women whose right and left 
                             breasts are both “healthy” at Days 5, 14, 30, 60 and 90 post partum 
 
 

 
 
Figure  3.11.     Longitudinal changes of chloride in milk of five women whose right and left  
                             breasts are both “healthy” at Days 5, 14, 30, 60 and 90 post partum 
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Figure  3.12 . Longitudinal changes of serum albumin in milk of five women whose right and  
                          left breasts are both “healthy” at Days 5, 14, 30, 60, and 90 post partum  
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Figure  3.13. Longitudinal changes of lactoferrin in milk of five women whose right and left  
                         breasts are both “healthy” at Days 5, 14, 30, 60, and 90 post partum 
 

 
Figure  3.14. Longitudinal changes of sIgA in milk of five women whose right and left breasts 
                         are both “healthy” at Days 5, 14, 30, 60 and 90 post partum 
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Figure  3.15. Longitudinal changes of lactose in milk of five women whose right and left  
                         breasts are both “healthy” at  Day 5, 14, 30, 60 and 90 post partum 
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Figure  3.16. Longitudinal changes of lactose in urine of five women whose right and left  
                        breasts are both “healthy” at Days 5, 14, 30, 60 and 90 post partum 

Figure  3.17. Longitudinal changes of glucose in milk of five women whose right and left 
                         breasts are both “healthy” at Days 5, 14, 30, 60 and 90 post partum 
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3.3.4. Markers for lactogensis II at Day 5 

There were eleven mothers in the sample whose right and left breasts were both 

asymptomatic at Day 5. Milk obtained from these mothers was examined to determine 

if all mothers had successfully initiated Lactogenesis II at this time. Concentrations of 

milk lactose, sodium and chloride were used as markers of successful lactogenesis II, 

according to criteria outlined in Section 2.1.4.1. (Cregan et al., 2002). No mother had 

all three markers outside the range for successful initiation. Five mothers had abnormal 

markers for sodium (>19mmol/l) and chloride (>30mmol/l) although only one mother, 

M13, showed extreme variation from the baseline for each of these markers in both 

breasts. The concentration of lactose in her milk, although not meeting the criteria for 

an abnormal marker (<123mmol/l) was considerably lower than the normal mean for 

Day 5 (165+21.2). Mother 13’s lactose excretion in urine was minimal at both Day 5 

(2.2mmol/24 hour) and Day 14 (3.9mmol/24 hour). Mother 13, also showed an 

abnormal marker for sodium concentration in milk at Day 14 (21mmol/l).  Mother 13 

had an elective caesarean birth at 36 weeks gestation due to intra uterine growth 

retardation (IUGR) and decreased foetal movements. She expressed breastmilk for her 

baby up until Day 4 when the baby then had his first breastfeed. Breastfeeding was fully 

established on Day 5 and this mother reported her breasts to be “full” at 70 hours post 

partum. The time to first breastfeed and milk “coming in” was not delayed in the 

remaining four women who had two abnormal markers at Day 5. However of note is 

that four of the five mothers were delivered on or before 38 weeks gestation. No other 

asymptomatic women showed abnormal markers for Day 14. 
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Table 3.5 Markers for delayed initiation of lactation at Day 5 post partum. 

Mother 
ID(parity) 

[Na] 
marker 

(left/right 
breast) 
mmol/l 

[Cl] 
marker  

(left/right 
breast) 
mmol/l 

[Lactose] 
marker  

(left/right 
breast) 
mmol/l 

*Birth 
type 

Gestation 
(weeks) 

Time to 
first 

breastfeed 
(min) 

Time to 
milk 

“coming 
in” 

(hours) 

M7(PP) 24,28 32,39 155,158 SVD 
(Ind) 

38 78 62 

M9(MP) 22,26 31,32 132,156 SVD 39+3 70 57 

M12(MP) 26,28 32,35 127,154 SVD 37 45 44 

M13(PP) 40,45 50,57 138,138 NELUSC 36 Day 4 70 

M16(MP) 24,25 40,43 180,189 ELUSC 37+6 80 76 

*SVD= spontaneous vaginal delivery; Ind = Induction of labour; ELUSC = elective 
caesarean section, NELUSC=non-elective caesarean section, PP=primipara, 
MP=multipara 
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3.3.5. Acute Phase Response Post Parturition 

C-reactive protein was measured in both milk and blood of mothers on reference sample 

collection Days 5 and 14 after birth. The concentration of CRP in the blood of women 

with “healthy” breasts ranged from 9 to 45.5mg/l on Day 5 (n=12) and 1 to 102mg/l on 

Day 14 (n=10) post partum. The concentration of CRP in milk from “healthy” breasts 

ranged from below the level of detection to 1.91mg/l in samples on Day 5 (n=25 

breasts) and below the level of detection to 3.0mg/l on Day 14 (n=26). The 

concentrations of CRP in the milk and blood of asymptomatic women were not 

different from the concentrations obtained for all women in the cohort at these time 

points (Median and interquartile range are shown in Table 3.6). 

 

 

 

 

 

 

Table 3.6   The concentration of CRP in blood and milk of the total sample 
compared to asymptomatic women at Day 5 and Day 14. Results are 
shown as the median (interquartile range). 

 
 Serum CRP (mg/l) Milk CRP (mg/l) 

Day post 
partum 

Asymptomatic 
women 

Total sample Asymptomatic 
women 

Total sample 

5 19 (14,36)    18 (12 ,36) 0 (0,1) 0(0,1.1) 

14 5 (2,15) 4 (2,7) 0(0,1.5) 0(0,1) 
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The concentration of CRP in blood at Days 5 and 14, of the five mothers who were 

asymptomatic at all five reference sample collection days, is shown in Figure 3.18. All 

mothers showed a return to within normal limits (<10mmol/l) at Day 14 except for M8 

who had a highly elevated concentration. This mother had a 12 hour labour with no 

progression of cervical dilatation. There was also meconium-stained liquor and 

therefore a non-elective caesarean section was performed. 

 
 
 
 
 
 
 
 
 

Figure  3.18.  The concentration of CRP in blood of women with “healthy” breasts at 
Day 5 and Day 14. 
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The concentration of CRP in milk has not been inserted in graphical form as the 

concentration from right and left breasts in all five mothers were below detection limits 

at both Day 5 and Day 14. 

Blood and milk CRP were analysed according to type of birth. Results for Days 5 and 

14, respectively, for all 26 mothers are shown in Figures 3.19 and 3.20  
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Fig 3.19. Blood CRP at Day 5 (a) and Day 14 (b) according to type of birth. 
*SVD= spontaneous vaginal delivery; Ind = Induction of labour; ELUSC 
= elective caesarean section, NELUSC=non-elective caesarean section  
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Fig. 3.20. Milk CRP at Day 5 (a) and Day 14 (b) according to type of birth *SVD= 
spontaneous vaginal delivery; Ind = Induction of labour; ELUSC = 
elective caesarean section, NELUSC=non-elective caesarean section 
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3.3.6 Non-inflammatory breast pathologies suffered by women in the study 

cohort 

Descriptive data regarding the non-inflammatory breast pathologies identified following 

examination and interview at the reference sample collection days and in later lactation 

when mastitis was present are shown in Table 3.7.  

Biochemical variables in milk, urine and serum were examined in relation to the 

presence of each of the non-inflammatory breast symptoms. Table 3.8 shows the 

median value (interquartile range) for each variable for all pathologies identified, in 

comparison to results controlled for all other co-exiting breast symptoms. The 

previously reported means + SD for “healthy” breasts at Day 30, in Table 3.2, are 

included in Table 3.8 for comparison  

Using mixed model analysis, adjusting for stage of lactation and any other co-existing 

breast symptoms, breastmilk composition was examined for differences between 

samples from breasts with pathology and breasts with no symptoms. There were 

changes in all components in milk measured with each of the breast pathologies 

however changes were only significant in some of the milk components during nipple 

trauma, perceived oversupply and low supply. Observed changes in milk composition 

in breasts affected with non-inflammatory pathologies are shown, along with statistical 

analyses, in Tables 3.9 to 4.7. 

 

Table 3.7 Non-inflammatory breast pathologies identified in the study cohort. 

Pathology          
identified 

Mothers (n) Samples 
collected (n) 

Range of occurrence 
(days post partum) 

Nipple trauma 7 48 5 - 203 

Thrush in the breast 5 16 14 - 170 

Perceived oversupply 3 30 5 - 62 

Low supply 1 4 5 -14 

Nipple vasospasm 1 6 14 - 60 

 

 

 



 79 

Table 3.8 Milk, urine and blood composition (median, interquartile range) according to breast pathologies identified.  
*results controlled for other co-existing breast symptoms 
** no co-existing breast symptoms present 

n= number 
of samples 

Sodium 
(mmol/l) 

Chloride 
(mmol/l) 

Lactose 
(mmol/l) 

Glucose 
(mmol/l) 

Serum 
albumin (g/L) 

Lactoferrin 
(g/L 

sIgA 
(g/L) 

Milk CRP 
(mg/dl) 

Serum CRP 
(mg/dl) 

Urinary lactose 
(mmol/24 hour) 

Blood lactose 
(µmol/l) 

Nipple 
trauma 
n=48 

15  
(10,20) 

21 
(17,29) 

156 
(148,170) 

1.7    
(.97, 2.1) 

0.43        
(0.27, 0.84) 

2   
(1.3,3.8) 

0.96  
(.77,1.4) 

2 (1,3)  
(n=40) 

72 (6.7,88) 
(n=14) 

3.6 (2.9,4.6)  
n=15 

45 (35,73)  
n=14 

n=17*  15
(10,18) 

18 
(15,28) 

156 
(142,172) 

1.6 
(0.8,2.1) 

0.6       
(.21,55) 

1.9   
(0.7,3) 

1 
(0.7,1.5) 

1 (0,1.4) 
(n=12) 

11.7 (3,11) 
(n=5) 

3.1 (2.5,4.5) 
n=8 

40 (34,60)    
n=5 

Thrush     
n=16 

12.5 
(11,17) 

21 
(19,26) 

166 
(159,175) 

.96      
(0.7,1.6) 

0.28           
(0.18, 0.42) 

3.8 
(2.6,4.5) 

1.2       
(1, 1.4) 

0  (n=3) 1.6          
n=1 

2.9 (2.1, 3.3)  
n=6 

17.6            
n=1 

n=9* 12 
(11,14) 

21 
(18,23) 

171 
(149,174) 

1.4 
(1,1.7) 

0.42 
(0.24,0.84) 

4    
(.3.,4.4) 

1.2 
(1.1,1.4) 

0  (n=3) 1.6           
n=1 

2.9 (1.4,3.3)   
n=4 

17.6            
n=1 

Oversupply 
n=30 

31  
(15,40) 

36 
(26,50) 

157 
(137,166) 

0.93     
(0.6, 1.5) 

0.51        
(0.35, 0.83) 

4.4    
(2.7,7) 

1.3 
(1,1.8) 

1 (0,1)  
(n=20) 

7.6 (5,51) 
(n=9) 

9 (7,12)       
n=13 

119 (18,152)   
n=8 

n=19*  28
(15,33) 

36 
(26,42) 

157 
(143,166) 

.99 
(.61,1.3) 

0.45 
(0.24,0.73) 

5         
(3.1, 8.3) 

1.4 
(1.1,1.9) 

1(0,1)  
(n=12) 

7.2 (5,30) 
n=5 

6.7 (6.2,6.8)    
n=9 

81 (64,127)  
n=5 

Low supply 
n=4** 

29 
(19,37) 

37 
(27,48) 

170 
(140,192) 

0.72   
(.4,1.4) 

0.47         
(0.33, 0.95) 

5       
(2.3,8) 

1.6  
(1.4,1.6) 

0 (n=4) 13,16      
n=2 

3.6,7.8          
n=2 

32,86           
n=2 

Vasospasm 
n=6** 

18 
(16,33) 

22 
(17,38) 

188 
(162,191) 

0.81 
(0.3,1.4) 

0.44        
(0.29, 0.82) 

4.3        
(3.5, 6.3) 

1.7 
(1.6,1.8) 

0 (n=2) n=0 4.1 (2.7,5.4)  
n=3 

76              
n=1 

“Healthy” 
Day 30 
results 

12 +  2 18.5 +  4 178 +  18 1.6 +  0.5 0.5 + 0 .2 2.9 +  1.8 1.0 + 0.4 1.3 +  0.4 <6 2.9 + 1.15 39.5 + 15.6  
(Day 14) 

 



 80

Table 3.9. Observed changes in milk composition and urine during nipple trauma. 

Significant changes are highlighted in bold 

Variable                   

 (n*= number of samples) 

Change observed with nipple trauma 

Sodium in milk                

(n*trauma=16)                    

(n*no trauma =184) 

 

Increased  (p<0.004; df:1,184, F=8.3)  

Chloride in milk                    

(n*trauma= 17)                    

(n*no trauma =184) 

 

Increased (p<0.059; df: 1,191; F=3.6)  

Lactose in milk                     

(n*trauma= 17)                    

(n*no trauma =184) 

 

Decreased  (p<0.001; df1.190; F=12.6) 

Lactose in urine/24 hour         

(n*trauma= 17)                    

(n*no trauma =158) 

 

Increased (p<0.191; df: 1,162; F=1.72)  

Glucose in milk                    

(n*trauma= 16)                    

(n*no trauma =180) 

 

Decreased (p<0.031;df: 1.177; F=4.7) 

Serum albumin in milk               

(n*trauma= 16 )                    

(n*no trauma =181) 

 

Increased (p<0.219, df: 1,189; F=1.5) 

Lactoferrin in milk                 

(n*trauma= 16 )                   

(n*no trauma =183) 

 

Decreased (p<0.144; df:1,192, F=2.1)  

sIgA  in milk                         

(n*trauma= 16 )                    

(n*no trauma =181) 

 

Increased (p<0.21; df:2,62, F=1.6)  

CRP in milk                 

(n*trauma= 12)                    

(n*no trauma = 69) 

 

Increased (p<0.001; df:2,46, F=10)  
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Table 3.10.  Observed changes in milk composition and urine during perceived 

oversupply. Significant changes are highlighted in bold 

Variable                   

(n*= number of samples) 

Change observed with oversupply 

Sodium in milk                     

(n*oversupply= 19)                       

(n*no oversupply =184) 

 

Increased (p<0.001; df:1.198, F=32.3)  

Chloride in milk                          

(n* oversupply = 19)                     

(n*no oversupply =184) 

 

Increased (p<0.001; df: 1,186; F=34.1)  

Lactose in milk                            

(n*oversupply = 19)                      

(n*no oversupply =184) 

 

Decreased  (p<0.015; df2,1,138; F=6.1) 

Lactose in urine/24 hour         

(n*oversupply = 19)                      

(n*no oversupply =158) 

 

Increased (p<0.001; df: 1,161; F=53.7)  

Glucose in milk                             

(n* oversupply = 19)                     

(n*no oversupply =180) 

 

Decreased (p<0.201;df: 1.182; F=1.65) 

Serum albumin in milk                  

(n* oversupply = 19)                     

(n*no oversupply =181) 

 

Increased (p<0.896, df: 1.95; F=0.017) 

Lactoferrin in milk                      

(n* oversupply = 19)                     

(n*no oversupply =183) 

 

Increased (p<0.001; df:1,192, F=21.4)  

sIgA  in milk                                 

(n* oversupply = 19)                     

(n*no oversupply =181) 

 

Increased (p<0.882; df:1,189, F=1.79)  

One of the mothers (M14) reporting perceived oversupply suffered with night sweats 

for the first 4 weeks, requiring her to change her bed sheets on a daily basis. She went 

on to suffer mastitis at Day 28. Following the mastitis episode the frequency of her 

night sweats decreased substantially. At Day 90 M14 had begun to give one or two 

complementary formula feeds each day with the intention of weaning. Mother14’s 

individual results are shown in Figures 3.21 to 3.27. It is of note that this mother’s 

pregnancy was as a result of in-vitro fertilisation. 
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Figure 3.21. Milk sodium for M14 from Day 5 to Day 90 day post partum. M14 
experienced oversupply at Days 5, 14, and 30 post partum 
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Figure 3.22. Milk chloride for M14 from Day 5 to Day 90 day post partum. M14 
experienced oversupply at Days 5, 14, and 30 post partum 
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Figure 3.23. Milk lactose for M14 from Day 5 to Day 90 day post partum. M14 experienced 
oversupply at Days 5, 14, and 30 post partum 
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Figure 3.24. Urinary lactose for M14 from Day 5 to Day 90 day post partum M14 
experienced oversupply at Days 5, 14, and 30 post partum 
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Figure 3.25. Milk glucose for M14 from Day 5 to Day 90 day post partum M14 experienced 
oversupply at Days 5, 14, and 30 post partum 
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Figure 3.26. Serum albumin in milk for M14 from Day 5 to Day 90 day post partum M14 

experienced oversupply at Days 5, 14, and 30 post partum 
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Figure 3.27. Milk lactoferrin for M14 from Day 5 to Day 90 day post partum. M14 
experienced oversupply at Days 5, 14, and 30 post partum 
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Figure 3.28.  Milk sIgA for M14 from Day 5 to Day 90 day post partum. M14 experienced 
oversupply at Days 5, 14, and 30 post partum 
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Table 3.11.   Observed changes in milk composition and urine during low supply.  
Significant changes are highlighted in bold 

Variable                   

(n*= number of samples) 

Change observed with low supply 

Sodium in milk                            

(n*low supply= 4)                        

(n* no low supply =184) 

 

Increased  (p<0.001; df:1.181, F=29.2)  

Chloride in milk                          

(n* low supply = 4)                       

(n* no low supply =184) 

 

Increased (p<0.001; df: 1,183; F=18.2)  

Lactose in milk                            

(n* low supply = 4)                       

(n* no low supply =184) 

 

Decreased  (p<0.050; df1,186; F=3.9) 

Lactose in urine                           

(n* low supply = 4)                       

(n* no low supply =158) 

 

Increased (p<0.034; df: 1,151; F=4.6)  

Glucose in milk                            

(n* low supply = 4)                       

(n* no low supply =180) 

 

Decreased (p<0.001;df: 1,174; F=33.5) 

Serum albumin in milk                  

(n* low supply = 4)                       

(n*no low supply =181) 

 

Increased (p<0.431, df: 1,174; F=0.64) 

Lactoferrin in milk                        

(n* low supply = 4)                       

(n*no low supply =183) 

 

Increased (p<0.087; df:1,184, F=2.9)  

sIgA in milk                                 

(n* low supply = 4)                       

(n*no low supply =181) 

 

Increased (p<0.044; df:1,166, F=4.1)  
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Mother 19 ,who suffered with low supply in the first 3 weeks had positive markers for 

delayed initiation in sodium (30, 28 mmol/l) and chloride (40,35 mmol/l) in the left and 

right breasts, respectively, at Day 5 and in sodium (39mmol/l) and chloride (50mmol/l) 

in the left breast at Day 14. Milk lactose was within normal range except for the left 

breast at Day 14  which, although low (132mmol/l), did not meet the criteria for the 

marker (<123mmol/l). Her milk glucose was also very low in the left and right breasts 

(0.29, 0.67mmol/l) at Day 5 and the left breast (0.78mmol/l) at Day 14. She presented 

with an interesting history. She had an extremely traumatic delivery with deep 

transverse arrest, a failed vacuum followed by caesarean section and was diagnosed and 

treated for anaemia post delivery, with a haemoglobin of 76g/l (normal range 115 to 

155g/l). There was an apparent failure to initiate lactation with soft breasts and her 

infant failed to thrive. She commenced expressing after breastfeeds to stimulate an 

increased supply and gave complementary feeds from day 5 to day 22. Individual 

results for each breast at reference collection intervals are shown in Figures 3.29 to 3.36 
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Figure 3.29. Milk sodium for M19 from Day 5 to Day 90 post partum. M19 
experienced low supply at Days 5 and 14. 

 

d ay  p o s t  p a rt u m

Da y 9 0Da y 6 0Da y 3 0Da y 1 4Da y 5

6 0

5 0

4 0

3 0

2 0

1 0

0

b rea s t

left  b rea s t

r ig h t  b rea s t

 

Figure 3.30. Milk chloride for M19 from Day 5 to Day 90 post partum. M19 
experienced low supply at Days 5 and 14. 
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Figure 3.31. Milk lactose for M19 from Day 5 to Day 90 day post partum. M19 

experienced low supply at Days 5 and 14. 
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Figure 3.32. Excretion of lactose in urine over 24 hours for M19 from Day 5 to Day 

90 post partum. M19 experienced low supply at Days 5 and 14. 
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Figure 3.33. Milk glucose for M19 from Day 5 to Day 90 post partum. M19 

experienced low supply at Days 5 and 14. 
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Figure 3.34. Serum albumin in milk for M19 from Day 5 to Day 90 post partum. M19 

experienced low supply at Days 5 and 14.  
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Figure 3.35. Milk lactoferrin for M19 from Day 5 to Day 90 day post partum. M19 

experienced low supply at Days 5 and 14. 
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Figure 3.36. Milk sIgA for M19 from Day 5 to Day 90 day post partum. M19 experienced 

low supply at Days 5 and 14. 
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Table 3.12  Observed changes in milk composition and urine during thrush in the 
breast  

 

Variable                   

(n*= number of samples) 

Significant changes observed with thrush 

Sodium in milk                              

(n*thrush = 9                           

(n*no thrush =184) 

 

Decreased  (p<0.536; df:1,178, F=0.349)) 

Chloride in milk                            

(n*t thrush = 9                             

(n*no thrush =184) 

 

Decreased (p<0.732; df: 1,186; F=0.118)  

Lactose in milk                              

(n* thrush = 9                           

(n*no thrush =184) 

 

Decreased  (p<0.494; df1,182; F=0.469) 

Lactose in urine                             

(n* thrush = 9                           

(n*no thrush =158) 

 

Decreased (p<0.632; df: 1,147; F=0.231)  

Glucose in milk                             

(n*t thrush = 9)                        

(n*no thrush =180) 

 

Increased (p<0.861;df: 1,172; F=0.031) 

Serum albumin in milk                  

(n* thrush = 19                         

(n*no thrush =181) 

 

Increased (p<0.56, df: 1,162; F=0.34) 

Lactoferrin in milk                        

(n* thrush = 9                           

(n*no thrush =183) 

 

Increased (p<0.82; df:1,182, F=82.6)  

sIgA in milk                                  

(n* thrush = 19                        

(n*no thrush =181) 

 

Decreased (p<0.685; df:1,167, F=0.165)  
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Table 3.13  Observed changes in milk and urine during nipple vasospasm 

Variable                   

(n*= number of samples) 

Change observed with vasospasm 

Sodium in milk                       

(n*vasospasm = 6                        

(n*no vasospasm =184) 

 

Increased  (p<0.21; df:1,181, F=1.6)  

 

Chloride in milk                            

(n* vasospasm = 6                        

(n*no vasospasm =184) 

 

Increased (p<0.3; df: 1,123; F=1.1 

 

Lactose in milk                              

(n*vasospasm = 6                        

(n*no vasospasm =184) 

 

Decreased  (p<0.49; df1,158; F=.48) 

Lactose in urine                       

(n*vasospasm = 6                        

(n*no vasospasm =158) 

 

Decreased (p<0.33; df: 1,161; F=0.95)  

Glucose in milk                             

(n*vasospasm = 6)                        

(n*no vasospasm =180) 

 

Decreased (p<0.49;df: 1,183; F=0.46)  

Serum albumin in milk                  

(n*vasospasm = 6                         

(n*no vasospasm =181) 

 

Increased (p<0.70, df: 1,177; F=0.15) 

Lactoferrin in milk                        

(n* vasospasm = 6                         

(n*no vasospasm =183) 

Increased (p<0.74; df:1,158, F=0.112)  

sIgA  in milk                              

(n*vasospasm = 6                        

(n*no vasospasm =181) 

Increased (p<0.85; df:1,175, F=0.034)  
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Table 3.14.  Summary of changes in milk composition and lactose excretion in urine in relation to non-inflammatory breast pathologies. 
Statistically significant changes are shown in bold and p levels quoted 

MILK 
COMPONENT 

 

NIPPLE 
TRAUMA 

(n=17) 
 

OVER SUPPLY 
(n=19) 
 

LOW SUPPLY 
(n=4) 
 

VASOSPASM 
(n=6) 

 

THRUSH    
(n=9) 
 

sodium increases 
(p<0.004) 

 

increases 
(p<0.001) 

 

increases 
(p<0.001) 

 

increases 
 

decreases 
 

chloride 
 

increases 
 

increases 
 (p<0.001) 

 

increases 
(p<0.001) 

 

increases 
 

decreases 
 

lactose 
 

decreases 
(p<0.001) 

 

decreases 
(p<0.015) 

 

decreases 
(p<0.050) 

 

decreases 
 

decreases 
 

glucose 
 

decreases 
(p<0.031) 

 

decreases 
 

decreases 
(p<0.001) 

 

decreases 
 

increases 
 

serum albumin 
 

increases 
 

increases 
 

increases 
 

increases 
 

increases 
 

lactoferrin 
 

decreases  
 

increases 
(p<0.001) 

 

increases 
 

increases 
 

increases 
 

sIgA 
 

increases 
 

increases 
 

increases  
(p<0.044) 

 

increases 
 

decreases 
 

excretion of lactose in 
urine/24 hour 

increased Increased 
(p<0.001) 

 

increased 
(p<0.034) 

decreases increased 
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3.4.  DISCUSSION 

3.4.1.  Milk composition in the first twelve weeks post partum 

Although the results for milk composition from “healthy” breasts have been controlled 

for any breastfeeding disorders detectable through examination and interview, the 

women in the study cohort, were chosen for their increased risk for mastitis, and 

therefore the sample cannot be described as “normal”. Composition of milk from 

“healthy” breasts in this high-risk cohort is compared to previously published results 

from women in both the same geographical area (Perth, Western Australia) and against 

data from either pooled or single studies in other varying countries (Table 3.15). The 

changes in milk composition measured at the five reference sample days (Days 5, 14, 

30, 60 and 90 post partum) showed significant changes with stage of lactation. The 

general trends were similar to the changes seen in the previously published results 

(Table 3.15). The increase in the concentrations of lactose and glucose was 

accompanied by a decrease in both the monovalent ions and protein concentrations 

measured at Day 5 and Day 14 post partum. This indicates that lactogenesis II was 

established between 14 and 30 days post partum. This was followed by a more stable 

period consistent with established lactation where the milk composition remained fairly 

constant (Hartmann and Kulski, 1978; Neville, 1991). Despite the general trends being 

similar, there are some marked variations in the concentration of some of the milk 

components both between women in the current study and when these results are 

compared with previously published findings. Interestingly, lactose concentrations at all 

reference time intervals were lower than previously published results. Conversely, 

sodium and chloride concentrations are shown to be substantially higher than previously 

published results (Table 3.15). The proteins, serum albumin, sIgA and lactoferrin are 

very similar in both concentration and change with stage of lactation, as reported in 

previous studies.  
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Table: 3.15. Reference values for breastmilk collected during the first 12 weeks post partum 
from “healthy” right and left breasts (shown in bold) are compared with concentrations quoted 
from the literature (shaded rows) 
 

DAY POST PARTUM  
MILK, URINE 
and BLOOD 
COMPONENTS Day 5  Day 14  Day 30  Day 60  Day 90  

Milk lactose  164 ± 21  171 ± 19.6  178 ± 18   175 ± 16      175 ± 18.8   

*Kulski, 1981 153 ± 18  183 ± 21   

**Jensen, 1995 169 ± 17  184 ± 14   

Milk glucose 1.27 ± 0.68 1.4 ± 0.47 1.67± 0.46 1.7 ± 0.51 1.6 ± 0 .54 

*Kulski, 1981 1.3   1.6 ± 0.4   

**Jensen, 1995 1.2 ± 1.0  1.5 ± 0.4   

Milk sodium 21.4 ± 8.0 13.4 ± 4.8 12.6± 2.3 13.3 ± 4.9 12.6 ± 4.3 

*Kulski, 1981 18       

**Neville, 1991 17.1  ± 2.1 10.1± 1.8 7.6 ± 2.0  6.0 ± 1.3 

Milk chloride 31.2 ± 8.6 21.1± 3.4 18.5± 3.7 19.7 ± 5.6 19.9 ± 5.3  

*Kulski, 1981 21     

**Jensen, 1995 25.4 ± 1.9 15.7 ±  1.6 12.8  ± 1.5  12.9 ±  1.8 

Milk sIgA 1.65 ± .55 1.3 ± .54 1.0 ± .4 1.0 ± 0.38 1.1 ± 0 .5 

*1Lai, 2002 
*2Kulski, 1981 

*20.8   *10.66 ± .41 
(6w) 

 *10.72± 0.49 
(24w) 

**Jensen, 1995  2.0  ±  2.5 1.0 ± 0.3  0.5 ± 0.1 

Milk 
lactoferrin 

5.8 ± 2.8 3.8 ± 2.9 2.9 ±1.8 2.2 ± 1.2 2.6 ± 1.2 

*1Lai, 2002 
*2Kulski, 1981 

*24.3  *12.59 ± 1.9 
(6w) 

 *1   2.16± 
1.72 (24w) 

**Jensen, 1995  3.53 ± 0.54 1.94 ± 0.38  1.65 ±  0.29 

Serum 
albumin (milk) 

0.51± 0 .72 0.52 ± 0.19 0.51± 0.20 0.35 ± 0.01 0.35 ± 14 

*1Cregan, 2002 
*2Kulski, 1981 

*20.8  *10.18± 0.01   

**Jensen, 1995  0.39 ± 0.06 0.41 ± 0.07  0.39 ± 0.04 

Urinary 
lactose 

4.9   ± 3.2    3.4  ± 1.1      2.9  ± 1.15     2.85 ± 1.67    2.65  ± 1.46    

*Cox, 1999 14.1 ± 4.1 
(Day 3) 

4.5 ±0.8    

Blood lactose 41.6  ±19.5  39.5 ± 15.6     

*Arthur, 1991 75 ±18    
(Day 3-5) 

 30 ± 8     
(Week 6) 

  

* Western Australian data. Where no SD is reported data have been taken from published 
graphs.  
** data from general literature  
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The higher than normal concentrations of milk sodium and chloride observed in this 

sample of women may be a normal physiological response to a lower concentration of 

lactose. The concentrations of sodium, chloride and lactose contribute significantly to 

the osmolality of milk. Kulski and Hartmann (1981) found that during the initiation of 

Lactogensis II the osmolality of milk remained relatively constant. This supported 

earlier work by Tanasiichuk (1965; cited in Kulski and Hartmann, 1981) that suggested 

increases in lactose in milk at lactogenesis II were accompanied by ionic changes to 

ensure that osmolality of milk remained isotonic with blood. In maintaining normal 

milk osmolality the increased sodium and chloride (Table 3.15) may be actively 

transported into the milk compartment in response to the lower concentration of lactose. 

Alternatively, a higher concentration of sodium and chloride and a lower concentration 

of lactose may be as a result of increased permeability of the paracellular pathway 

(Nguyen and Neville, 1998). In particular, either a raised milk sodium or a raised Na/K 

ratio has been used in several studies as a diagnostic indicator for increased paracellular 

permeability occurring as a result of subclinical mastitis (Semba et al., 1999; Filteau et 

al., 1999). 

The excretion of lactose in urine can also be used as an indicator for increased 

permeability within the breast. Lactose concentration in blood and its subsequent 

excretion in urine has been used as an index of synthetic activity within the breast, 

during pregnancy and immediately after parturition, when the tight junctions are still 

leaky (Arthur et al., 1991; Cox et al., 1999). As lactose in the diet is usually broken 

down in the small intestine there is minimal contribution of lactose to the circulation 

from this source (Arthur et al., 1991). The only internal site of lactose synthesis is in the 

lactocyte within the mammary gland (Brew and Hill, 1975). Therefore, in addition to 

the concentration of ions in milk, any increase in lactose detected in the blood and urine 

can be used as a confirmatory measure of increased breast permeability. Arthur et al. 

(1999) reported a peak concentration of lactose in blood of 75 ± 18 µmol/l at 3-5 days 

post partum, coinciding with the peak increase in concentration of lactose in milk at 

onset of lactogenesis II. By 6 weeks post partum, when lactation was fully established, 

the blood lactose had decreased to 30 ± 8 µmol/l. Correspondingly low concentrations of 

sodium in milk suggest that the paracellular pathway had closed. Similarly, Cox et al. 

(1999) found the excretion of lactose in urine decreased dramatically from 14.1 ± 4.1 

mmol/24 hour on Day 3 post partum to 4.5 ± 0.8 mmol/24 hour at 1 month of lactation. 

In this present study the mean excretion of lactose in urine/24 hour decreases from Day 
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5 to Day 14 and then remains fairly constant over the next eight weeks post partum, 

with excretion rates of less than 3mmol/24 hour, that is approximately 2% of the lactose 

produced in milk over the 24 hour period was excreted in the urine. The mixed effects 

model showed a significant difference between the reference sample days with a 

decrease in the amount of lactose excreted over time. This reflects the higher amounts 

of lactose excreted at Day 5 and 14 and the very large variation around the mean, seen 

especially at Day 5. Although blood lactose was measured at only one point in time the 

changes in concentration of lactose in blood parallel the changes in 24 hour excretion of 

lactose in urine. The relatively low, stable excretion rate for urinary lactose from Day 

30 to 90 would indicate that breast permeability at this time is minimal. Lending weight 

to the suggestion that the reciprocal relationship between the concentrations of lactose 

and the ions in breastmilk was related to the maintenance of isotonic osmolality 

between milk and blood rather than an increase in breast permeability.  

Previous studies (Abakada et al., 1990; Prosser and Hartmann, 1983) suggest that raised 

serum albumin in milk in combination with a raised sodium concentration are also 

useful markers of increased permeability of the paracellular pathway associated with 

breast inflammation. Although the mean values for the concentration of serum albumin 

in milk appear similar and fairly stable at each reference day in this study, repeated 

measures in the mixed effects model showed that the concentration of serum albumin in 

milk was significantly different and decreasing over time. The results obtained in the 

first four weeks post partum were stable and slightly higher than the pooled results of 

other researchers (Jensen, 1995) and then decreased to be very similar in concentration 

to previous findings at Day 90. These findings also support the suggestion that the 

raised ionic concentration and decreased lactose in my study is not a result of 

paracellular pathway influences.  

Finally, the defence proteins sIgA and lactoferrin reflect the same changes over time as 

the ionic concentration, and are in agreement with previously published results (Jensen, 

1995). The concentrations were highest at Day 5 with a larger amount of variation as 

was expected at lactogenesis II, before plateauing out to Day 90.  
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3.4.2.  Normal Variation within and between asymptomatic women 

When examining the milk composition in a group of five women whose right and left 

breasts were both “healthy” (asymptomatic) at all five reference sample days in the first 

three months post partum, much of the variation observed in this group can be 

accounted for by two mothers (M5 and M16) at Days 5 and 90. Of the five mothers 

observed in Figures 3.10 to 3.17, M16 showed the highest concentrations of the ions 

and proteins measured at Day 5. Despite the increased concentrations of these 

components milk lactose and urinary excretion of lactose were normal, indicating 

closure of the paracellular pathway had occurred. However the concentration of glucose 

in milk was very low when compared to the other four women, perhaps indicating a 

demand for glucose for lactose synthesis, was not matched by uptake of glucose into the 

lactocyte from the blood. At Day 90, M5 showed an increase in the concentration of 

ions and proteins and a decrease in the concentration of lactose. These changes would 

generally lead to the interpretation that there was an increase in paracellular 

permeability due to  a drop in synthesis associated with weaning. However, M5 stated 

she was exclusively breastfeeding, with no reported co-existing pathologies and her 

excretion of lactose in urine remained normal, consistent with a closed paracellular 

pathway. This questions the reliability of interpreting such changes as always resulting 

from loss of integrity of the tight junctions.  

Two mothers, M21 and M23, showed the least amount of variation over time. Although 

the concentration of lactose in milk remained relatively stable for both mothers from 

Day 5 onwards, there was a large difference in the range of concentrations between the 

two mothers (M23: 141 to 164mmol/l and M21: 169 to 201 mmol/l). The lower range 

for the concentration of lactose in M23 was matched by a higher concentration of 

sodium (12-16mmol/l) and chloride (15-21mmol/l) than was observed for M21        

(Na: 7-12mmol/l and Cl: 12-19mmol/l). These individual examples support the 

suggestion that the increase in ionic concentration, where lactose concentration is 

relatively low, is a response to maintain isotonic osmolality in the milk compartment. 

The source of the variation in lactose concentration between women is unknown 

however mothers breastfeeding twins and triplets were observed to have a higher milk 

lactose than normal, with concentrations of 204±13mmol/l and 234±20mmol/l, 

respectively (Saint et al., 1986). A variation in individual milk production or variation 

in infant feeding patterns (Daly et al., 1995) may be influencing the variability observed 

in the concentration of lactose in milk. 
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Interestingly, M21 is the mother receiving thyroxine for treatment of Hasimoto’s 

thyroiditis. Hypothyroid disease has been associated with low supply (Lawrence and 

Lawrence, 1999), however, as this mother’s thyroxine levels remained stable, there was 

no impact on either her milk composition or adequate transfer of milk to her infant  

Mother 8 also showed very stable concentrations of sodium, chloride, lactose, and 

glucose as well as stable rates of lactose excretion in urine over time. This is of note as 

M8 suffered with IgA deficiency. Lactoferrin concentration was very high at Day 14 

(Fig. 3.13) compared to all other mothers in the cohort, as was her serum CRP 

concentration (Fig. 3.18). Unfortunately, milk samples were not collected at Day 7, 

when this mother was first recruited, to observe the concentration of lactoferrin at this 

early stage. Even after Day 14, M8’s lactoferrin concentrations remained among the 

highest concentrations observed, which may suggest a compensatory response to the 

absence of sIgA in her milk. 

The results observed in these five mothers highlight the large variation that may occur 

both within and between women even if breastfeeding is exclusive and lactation is 

reported to be normal. Most of the variation that was observed, however, occurred 

during the first two weeks post partum. Two possible factors that may effect the 

individual variation in milk composition at this time are the effects of the acute phase 

response to trauma experienced during the birth and the time taken for each mother to 

initiate and establish their lactation.  

 
3.4.3.  Variation in onset of lactogenesis II 

The onset of lactogenesis II occurs early after parturition and is signalled by both 

changes in milk composition and volume. Early closure of the paracellular pathway is 

reflected in a significant fall in the concentrations of sodium, chloride and total protein 

together with an associated rise in the concentration of lactose in milk. These changes 

precede an increase in milk volume, which normally occurs between 40 and 96 hours. 

The increase in milk volume was accompanied by an increase in the concentration of 

glucose in milk (Arthur et al., 1994; Neville et al., 1991). Generally it is considered 

normal for initiation to have occurred by Day 5 post partum however Cregan et al. 

(2002) found that 82% of women who had delivered prematurely and were expressing 

breastmilk for their babies had a compromised initiation of lactation when compared to 

term mothers. 
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In view of work by Cregan et al. (2002) it is interesting to note that M13 who showed 

the most extreme variation in her milk composition at Day 5 also gave birth to a pre-

term baby. Her baby received expressed breastmilk by a feeding tube before full 

breastfeeding was established at Day 5 post partum. It is also of note that M13 had a 

caesarean birth, which in light of the study by Evans et al. (2003) may have 

compounded an already compromised initiation due to delayed breastfeeding and/or 

prematurity. However, despite the abnormal milk composition obtained by M13 (mean 

milk Na: 42mmol/l, chloride: 53mmol/l and lactose 138mmol/l) she reported her milk 

“coming in” at 70 hours post partum, confirmed by clinical assessment of breast 

fullness. Seventy hours post partum is within the normal range reported by other 

researchers for milk “coming in” (Neville et al., 1991; Chapman and Perez-Escamilla, 

2000). Closure of the paracellular pathway was also confirmed by the low rate of 

excretion of lactose in her urine (2.2mmol/24 hour). Due to her palpably “full” breasts, 

and normal weight gains by her baby at Day 5, clinically M13 would not have been 

deemed to have either a delayed or compromised initiation of lactation. Cregan et al. 

(2002) also observed a correlation between the presence of lactose, sodium and total 

protein markers and a decreased milk production. Based on the assessments of M13’s 

milk volume (breast fullness and infant weight gain) it would appear that the presence 

of the markers for compromised initiation did not adversely affect the volume of milk 

transferred to her infant. These findings suggest that clinical assessments should 

accompany studies of the initiation of lactation. The presence of abnormal 

concentrations of markers for lactogenesis II may not always denote low rates of milk 

synthesis. 

The remaining four mothers whom also had two markers suggesting a compromised 

initiation at Day 5 showed no other factors of note except that three of the four 

delivered between 37 and 38 weeks gestation. Two of the infants would be classified as 

pre-term, not having completed 38 weeks gestation. This appears to indicate that even a 

small degree of prematurity may delay the expected changes in milk composition that 

normally occur in term mothers. 
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3.4.4.  Effects of the Acute Phase Response on Milk Composition Following 

Parturition 

The concentration of CRP in blood was elevated at Day 5 post partum for all types of 

birth although the median for NELUSC was very high: 30mg/l (interquartile range 

18,67) compared to 19mg/l (14,36) for all birth types. This supports previous research 

showing that caesarean section is associated with a higher elevated CRP than vaginal 

birth, and that duration of labour in normal vaginal births is correlated significantly to 

elevation of CRP at 24 hours (Keski-Nisula et al., 1997; Kaapa and Koistinen, 1993). 

The combination of labour followed by emergency caesarean section would be expected 

to result in a substantially higher CRP as found for the NELUSC. By Day 14 the 

median (5.4 mg/l) had dropped to normal (below 10 mg/l) for all birth types, although 

the spontaneous vaginal births still showed a large variation above the mean. This may 

be related to length of labour and vaginal and/or perineal trauma, however these data 

was not collected. The degree to which CRP is raised in the absence of either illness or 

breast symptoms demonstrates that tissue damage, in this instance due to birth trauma, 

provokes an increase in the concentration of CRP in blood as high as has been observed 

in some infections. This would provide a complicating factor if CRP in blood was to be 

used as a diagnostic criteria for mastitis in the first week post partum.  

It is interesting to note that all the five mothers who had two markers suggesting a 

compromised initiation also had CRP concentrations well above the median for Day 5 

(18.9mg/l) with a range of 22 to 45mg/l. Mother 13 whose sodium, chloride and lactose 

concentrations showed the most extreme variation amongst women with “healthy” 

breasts also had a high CRP of 44 mg/l at Day 5. In view of the findings by Georgeson 

et al. (2002) and Zavaleta et al. (1995), that have shown changes in milk composition 

related to maternal illness, this raises the suggestion that systemic changes in acute 

phase reactants might affect milk composition.  

The median concentration of CRP in milk was below the level of detection (<1mg/l) at 

Days 5 and 14. However some asymptomatic women did have detectable concentrations 

of CRP within milk. The origin is unlikely to be via the paracellular pathway as there 

were no other markers present in milk to indicate increased permeability of the 

paracellular pathway. Perhaps there may be small areas of increased permeability within 

the breast that might admit the transfer of CRP from blood to milk, even in the absence 

of pathology. The very small but constant amount of lactose excreted in urine during 
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established lactation does raise the possibility that there is a small degree of 

permeability always present. An alternative possible source of CRP is from the T 

lymphocytes within milk although this has not been reported on in the literature. My 

findings clearly demonstrate the concentrations of CRP in milk of women with no 

breast symptoms do not reflect the systemic acute phase response occurring within the 

blood. 

 

3.4.5. Biochemical composition of milk, blood and urine in women 

diagnosed with non-inflammatory breast symptoms. 

Women who presented with non-inflammatory breast symptoms showed changes in the 

concentrations of almost all components in the milk from affected breasts. All the 

pathologies identified showed similar changes in milk composition with the exception 

of thrush in the breast. However, when adjusted for stage of lactation and co-existing 

breast pathologies, not all changes in milk composition were statistically significant. 

Nipple trauma, oversupply and low supply all showed a significant increase in the 

concentration of sodium, and a decrease in lactose. The excretion of lactose in urine and 

the concentration of chloride in milk were significantly increased in oversupply and low 

supply. Glucose was significantly decreased in nipple trauma and low supply and there 

was a significant increase of lactoferrin in oversupply and sIgA in low supply. The 

increase in ionic concentrations combined with a low concentration of lactose in milk 

and increased lactose excretion in urine indicates an increase in the permeability of the 

paracellular pathway in both oversupply and low supply. The decrease in the 

concentration of lactose in milk was accompanied by a concomitant decrease in glucose. 

Loss of lactose through the paracellular pathway is expected in the presence of a raised 

sodium and chloride, however, lactose synthesis may also be impaired as a result in the 

decrease of glucose. It has been suggested that the concentration of glucose in milk can 

be taken as a measure of the intracellular concentration (Fleet et al., 1975; Neville et al., 

1990). Therefore it is possible that the transport of glucose into the lactocyte was 

impaired under these conditions. It has been suggested that low concentrations of 

glucose in milk might result from a more rapid metabolism of glucose in the breast, but 

this is difficult to reconcile with the observation that the lowest concentrations of 

glucose in milk are observed when milk synthesis is very low. 
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 Although the increase in the concentrations of sodium and chloride and decrease in 

lactose can be explained by an increase in permeability of the paracellular pathway, the 

changes in glucose do not fit this model. If the tight junctions are open to molecules 

such as lactose then an increase in the concentration of glucose in milk, as it passes 

from serum down the concentration gradient into the milk space, would occur. 

However, the reverse is observed. Even in the event of impaired transport into the 

lactocyte and rapid consumption, the glucose concentration would be expected to 

increase, not fall, due to passage through an open paracellular pathway. This infers the 

gate function of the tight junctions within the mammary epithelium may be more 

complex than currently understood and that there may be differing degrees of disruption 

that do not solely result in admitting all molecules of a certain size.  

The statistical models for nipple trauma, oversupply, and low supply showed that 

despite a significant increase in ions and defence proteins, there was also a significant 

decrease over time. Conversely the vasospasm model, although not significant, showed 

a decreased glucose, although glucose also rose over time. These changes indicate, that 

despite the presence of breast pathology, there is a trend over time for these milk 

components to return to the concentrations normally expected during established 

lactation in healthy breasts. 

 

3.4.5.1. Low supply 

One woman, M19, was diagnosed with low supply. Examination of M19’s individual 

results (Fig. 3.29 to 3.36) are interesting in relation to her history. Exclusive 

breastfeeding was not established until Day 22 when no further complementary feeds 

were required. Failure of lactogenesis II was reflected in the milk composition, which 

showed high concentrations of ions and proteins, and low concentrations of lactose and 

glucose at Days 5 and 14. These indicators have been previously identified in women 

who either have not fully initiated lactogenesis II or who are weaning (Neville et al., 

1991; Cregan et al., 2002). As expected with increased permeability of the paracellular 

pathway, the concentrations of sodium and chloride in milk were increased on Day 5 

and Day 14, as was the excretion of lactose in urine. However, serum albumin was low 

in both breasts at Day 5 but significantly increased in the left breast at Day 14. This may 

indicate that the degree of permeability of the paracellular pathway was not great 

enough on Day 5 to admit the transfer of serum albumin, which is a much larger 

 



 103

molecule (MW = 68,000) than sodium, chloride or lactose. However, if the increase in 

serum albumin in milk was due to an increased permeability of the paracellular pathway 

an increase in the excretion of lactose in urine would also be expected. However, 

although the excretion rate at Day 14 was higher than normal, it was 50% lower than on 

Day 5, indicating that the permeability of the paracellular pathway was decreasing 

towards normal. This discrepancy in the paracellular permeability model, was also 

observed by Kulski and Hartmann (1981), where the yield of albumin increased during 

transition from colostrum to milk (although there was a decrease in concentration) 

suggesting that albumin is either synthesized de novo or actively transported into milk. 

Since albumin acts as a ligand for amino acids, ions, hormones and drugs, the increase 

in concentration of serum albumin may be related to active transcellular transport, in 

response to certain pathologies, rather than passage through the paracellular pathway. 

Initiation appears to be delayed at Day 5 in M19 resulting in delayed closure of the 

paracellular pathway in both breasts. This is evidenced by the large amount of lactose in 

urine. The left breast then appears to have begun to involute because there was a 

decrease in the concentrations of glucose and lactose accompanied by a large increase in 

serum albumin in milk at Day 14. Mother 19 reported her left breast always felt “more 

empty than her right” during this period. Then with continued stimulation, through 

frequent feeding and expressing after feeds, M19 was able to exclusively breastfeed her 

baby by three weeks post partum. This is reflected in normal weight gains by her infant 

and milk composition being within normal limits after Day 14. Her traumatic delivery 

and post partum anaemia cannot be discounted as having a negative effect on normal 

Lactogenesis II. Post partum haemorrhage has been associated with damage to the 

pituitary gland (Sheehan’s Syndrome) resulting in lactation failure (Lawrence and 

Lawrence, 1999). This mother suffered a significant blood loss at delivery and 

anecdotally such mothers have been observed to experience a delay in the initiation of 

their lactation (clinical observation). 

 

3.4.5.2. Perceived Oversupply 

The same changes in milk composition occurred in two apparently opposing 

pathologies: low supply and perceived oversupply. Stelwagen et al. (1997) have 

established in animal studies that the permeability of the paracellular pathway increases 

with milk stasis. Mothers in this study with perceived oversupply complained that their 
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breasts felt full even following a breastfeed. If there is a high degree of breast fullness 

over a prolonged period of time then we might expect to see the raised sodium, chloride 

and serum albumin representative of increased permeability. Lactose may also be lost 

via the paracellular pathway and this could explain the significant decrease seen in 

lactose in conjunction with increased urinary excretion. However as lactose is accepted 

as the major osmole responsible for milk volume, it is difficult to explain how a state of 

oversupply is maintained. Mothers breastfeeding twins and triplets, whose milk 

volumes are significantly greater than mothers of singleton infants, have been observed 

to have a higher milk lactose than normal (Saint et al., 1986) however this situation 

cannot be compared to oversupply. This is because the breasts in mothers of twins and 

triplets would be well drained at feeds, as in normal singleton lactations, and not in a 

constant state of fullness. 

 In oversupply one might also expect a dilutional effect on the concentrations of defence 

proteins, yet the concentration of lactoferrin and sIgA were both raised, although, only 

lactoferrin was statistically significant. Lactoferrin expression was seen to be high in the 

alveoli and secretory epithelium of ruminants when there was accumulation of vesicles 

typical of milk stasis (Molenaar et al., 1996). This may assist to explain the raised 

concentration of lactoferrin during oversupply. 

There are several possible mechanisms that might result in a “perception” of 

oversupply. Some instances of reported oversupply may in fact not be related to an 

abnormally high volume of milk but to occurrences such as consistent leaking of milk 

from the breasts and/or very forceful milk ejection that may give the mother the 

impression that she has an “oversupply problem”. Although both of these occurrences 

might lead to a perception of oversupply they may in fact also occur when there is a 

normal milk production.  Where there is a “true” oversupply there may be several 

explanations for the changes observed in milk composition, based on our current 

knowledge of lactation physiology. The results from my study indicate an increase in 

the permeability of the paracellular pathway during perceived oversupply. The loss of 

integrity of the tight junctions may be a primary cause. If the paracellular pathway does 

not close, as is expected with the onset of lactogensis II, then perhaps the constant 

leaking of milk into the interstitium, and subsequent oedema, contributes to the 

perception of fullness and oversupply, and also results in changes in milk composition 

observed in this present study. Alternatively, increased permeability of the paracellular 

pathway may be a secondary occurrence due to the increase in volume within the 
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alveoli and subsequent milk stasis, as seen in the research by Stelwagen et al., (1997). 

The overproduction of milk may result from any number of possible pathological 

mechanisms. Cox et al. (1996) discuss a mother, who reported oversupply problems, as 

consistently showing no relationship between milk prolactin and the degree of fullness 

of the breast, suggesting a lack of response to local feedback inhibition of milk 

synthesis. Lack of feedback inhibition might result from either the absence of, or lack of 

response to the peptide FIL (feedback inhibitor of lactation), which has previously been 

shown to assist in the regulation of milk secretion in cows and women (Wilde, et al., 

1995; Prentice et al., 1989).  

Areas yet to be researched in the mammary gland physiology which might impact on 

oversupply are the presence of water-selective channels such as those elucidated by 

Preston et al. (1992). Water channel proteins (aquaporins) have been postulated to have 

physiological importance in the onset of certain disease states. An increased expression 

of certain aquaporins at the plasma membrane have been associated with fluid retention 

diseases such as congestive cardiac failure and water loss conditions such as 

nephrogenic diabetes insipidus (King and Yasui, 2002). Similarly, disruption of water 

channels, if present in lactocytes, might explain the increased milk volume and changes 

in milk composition seen in oversupply. It is of note that the volume of milk secreted by 

certain marine mammals is not dependent upon lactose synthesis (Shennan, 1998) and 

that milk volume in these animals may well be controlled by physiological mechanisms 

such as water-selective channels in the mammary gland. This would perhaps assist to 

explain how a low concentration of lactose in milk may co-exist with an increased milk 

volume. 

Oversupply is an often under-estimated problem for breastfeeding women in the 

community. However mothers report that oversupply has a disrupting effect on their 

lifestyle and it has often been associated with mastitis. This is illustrated by the 

experience of M14 who associated the distressing occurrence of night sweats with her 

oversupply problem, and then, after suffering with mastitis, decided she would rather 

wean than risk a further recurrent episode. Night sweats have been occasionally 

reported by breastfeeding mothers during lactation particularly at times of lactogenesis 

II (clinical observation) however no reference to its existence was found in the literature 

and its cause remains obscure. Also night sweats are often associated with viraemias 

and may be related to the effects of either acute phase reactants or pro-inflammatory 

cytokines. Another mother with oversupply (M17) went on to suffer 4 episodes of 
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mastitis before her infant was 6 months old and then experienced the same problems of 

oversupply and mastitis with a subsequent infant. 

Women with oversupply often report that their babies are frequently unsettled following 

feeds, with signs of colicky behaviour. A generally held belief by lactation consultants 

is that the babies unsettled behaviour is related to, “a. hindmilk/foremilk imbalance”. It 

is believed that due to the large volumes present in oversupply the infant does not have 

the opportunity to access the higher concentrations of fat in the hindmilk, resulting in a 

rapid passage of milk through the infant gut and subsequent colicky pain. However, in 

the light of this theory, it is interesting to note that women with a perceived oversupply 

often have babies with high weight gains (clinical observation). Although there are 

several potential factors influencing infant growth it is interesting to note that the babies 

of the three women in this study with oversupply were between the 60th and 90th 

percentiles for weight.  

The problem of oversupply deserves further attention, especially with regard to its 

possible causes and effective methods of treatment and prevention. The changes in milk 

composition observed during oversupply cannot be fully explained at this stage of our 

current knowledge. Further exploration in a study involving larger numbers of women, 

where milk production can be accurately measured, would assist to provide more 

information than presently available. Although, measurement of milk volume in 

oversupply may provide methodological problems as current measurement methods 

may not differentiate between a constant amount of residual breastmilk remaining 

within the breast and normal breast tissue. Current measurements of breast volume and 

milk production use either measurement of milk transfer to the infant (Arthur et al. 

1987) or measurement of the relative breast volume using computerised systems and fat 

content in milk (Cox et al. 1999). Oversupply, by definition, is the production of a 

volume of milk over and above that which is required by the infant. Therefore milk 

transfer methods would be unable to measure the remaining volume resulting from 

overproduction, that is not transferred to the infant. Similarly relative breast volume 

measurements also would be unable to measure residual milk volumes, especially if the 

residual volumes remain fairly constant, unless there was a prospective measurement of 

the change in milk volume from the time of birth, through onset of lactogensis II and 

into established lactation. 
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3.4.5.3. Nipple Trauma 

The changes in milk composition during nipple trauma differ from the previous 

disorders discussed only in that, instead of being increased, there is a decrease in 

lactoferrin, although the decrease was not shown to statistically significant. Molenaar et 

al. (1996) found, in ewes and cows, there was an increased expression of lactoferrin.  

This was detected in a gradient that increased in the ductal epithelium nearer to the 

teats. If a similar expression is seen in women perhaps damage to the nipple results in 

an inhibition of lactoferrin secretion at this site, or alternatively a decreased 

concentration of lactoferrin at the nipple results in an increased susceptibility to trauma. 

CRP in milk from breasts with nipple damage was significantly increased showing that 

the concentration of CRP, although not raised anywhere to the degree seen in blood 

during infection and trauma, does increase in milk in response to localised trauma. 

 
3.4.5.4. Vasospasm of the nipple 

One mother suffered with diagnosed vasospasm of the nipple, and these symptoms were 

greatly reduced using treatment with nifedipine. Nifedipine is a drug that specifically 

inhibits slow inward calcium ion channels. It is a potent relaxant of arterial smooth 

muscle, increasing oxygen supply, and relieving the symptoms associated with 

vasospasm (Hale, 1999). The changes in milk composition observed in the statistical 

model, although representative of increased paracellular pathway permeability, were not 

significant, nor supported by an increase in urinary excretion of lactose.  

 

3.4.5.5. Thrush in the breast 

Women diagnosed with thrush in the breast did not show the same changes in milk 

component concentrations as the previously discussed disorders and none of the 

changes were statistically significant. There was a decrease in the concentrations of 

sodium and chloride with a conflicting increase in serum albumin. Lactose decreased 

while glucose increased and there was a decrease in sIgA whilst lactoferrin increased. 

These findings appear contradictory and inexplicable. The small number of mothers 

suffering with this disorder (mothers = 5, samples=9 when adjusted for other 

conditions) over a large variation of time (14 to 170 days post partum) may have 

influenced the results obtained. It is important to note that thrush in the breast is a 

controversial diagnosis. It was first identified because antifungal treatment resulted in 
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resolution of a certain set of symptoms. All cases of thrush in this current study were 

diagnosed by presenting symptoms and not by positive culture of candida albicans or 

other fungal organism. This is despite evidence that these symptoms are more likely to 

be associated with colonisation of S. aureus rather than candida albicans (Graves et al.. 

2003, Thomassen et al., 1998, Amir et al., 1996). Also all mothers where being treated 

with topical miconazole to the nipple and baby’s mouth at the time of sample collection 

(Hale, 1999). It is impossible to know whether any observed changes in milk 

composition might have been as a result of the identified pathology or the topical 

antifungal being applied to the nipple. 

A summary of the significant changes observed in milk composition during non-

inflammatory conditions of the breast is shown in Figure 3.37 
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Figure 3.37.  Summary of changes in milk composition and the 24 hour excretion of lactose in urine during perceived oversupply, low supply , and 

nipple trauma. 
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PART II 

 
BIOCHEMICAL COMPOSITION IN MILK, BLOOD AND URINE  

AND BACTERIOLOGICAL CHANGES IN MILK  
DURING INFLAMMATION OF THE LACTATING BREAST 

 
 

 
4.1. INTRODUCTION 

Inflammation of the breast during lactation is experienced in differing degrees of 

severity. Clinically, milder cases of inflammation of the breast, that are not 

accompanied by systemic illness, are traditionally diagnosed as blocked duct(s) 

(Brodribb, 2001; Neibyl et al., 1978). This is despite a possible varied aetiology that 

might include either trauma, blockage of duct(s) or infection (Wilson-Clay, 2002). 

Inflammation in these cases is manifested by a localised area of erythema and 

tenderness that may be accompanied by a nodular lumpiness on palpation. Such 

episodes usually respond within 24 hours to increased frequency of breastfeeding 

accompanied by massage and heat. In contrast, clinical mastitis is diagnosed when 

inflammation of the breast is accompanied by systemic symptoms. Clinical mastitis 

usually is of longer duration but can range from one to twelve days in duration 

(Fetherston, 1997). Although the delineation between blocked duct(s) and mastitis is 

drawn in clinical practice both presentations involve inflammation of the breast and 

differential diagnosis between the two can be blurred, particularly if either systemic 

symptoms are mild or the episode resolves quickly, despite the presence of more acute 

systemic symptoms.  

In this study, criteria were applied to the classification of episodes of blocked duct(s) 

and clinical mastitis and any differences that occurred in the physiological response 

within the breast were examined. Similarly, the severity of both breast and systemic 

symptoms experienced during clinical mastitis was defined and examined in relation to 

bacteriology, acute phase response and changes in milk composition.  
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4.2. SUBJECTS 

4.2.1. Categorisation and Occurrence of Inflammation of the Breast 
  
Mothers who suffered with any inflammatory breast symptoms were asked to contact 

the researcher at any time during their lactation. Mothers’ breast symptoms were 

categorised as 

• Localised inflammation or sore/tender spot on the breast 

• Segmental inflammation 

• Whole breast inflamed 

If systemic symptoms were present they were categorised as: 

• Mild – feels unwell, tires easily, afebrile (body temperature (To) < 37.5o C) 

• Acute – unwell, To < 38.5oC, myalgia or needs to go to bed. 

• Hyperacute, To > 38.4oC, myalgia, headache, vomiting, rigors 

 

The symptoms experienced where then used to apply the following diagnostic criteria: 

• Blocked duct(s) 

Where there were inflammatory breast symptoms present for less than 24 hours and 

there were no accompanying systemic symptoms these episodes were categorised as 

blocked duct(s).  

• Mastitis 

Any inflammation of the breast present for more than 24 hours, and accompanied by 

any degree of systemic illness, was categorised as mastitis. 

The sample of 26 mothers yielded 14 mothers suffering a total of 22 episodes of 

mastitis and seven mothers experiencing 13 episodes of blocked duct(s). These lactation 

events are tabled according to mother and time of occurrence post partum in Tables 4.1 

and 4.2.  

All episodes of blocked duct(s) were by definition resolved within 24 hours and were 

not accompanied by systemic symptoms therefore studies in bacteriology and acute 

phase response were not undertaken. 
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Table 4.1.  Stage of lactation (day post partum) at which mothers reported blocked 
duct(s) and mastitis 

 

Inflammatory 
condition 

Number 
of 

mothers 

Number 
of 

episodes 

Number 
of milk 
samples 

Median day of 
occurrence  

(interquartile 
range) 

Range of 
occurrence 
(days post 
partum) 

Blocked 
duct(s) 

7  13 13 60 (25,102) 14-310 

Mastitis 14  22 80 49 (20,187) 5-400 

 

 

 

Table 4.2. Stage of lactation (day post partum) at which each mother reported 
blocked duct(s), breast affected and co-existing pathology 

Mother Episodes of 
blocked duct(s) 

(n) 

Day of occurrence (s) and 
breast(s) affected 

Co-existing pathologies 

M1 1 21 (right) Nipple trauma 

M4 1 60 (right) Nipple trauma 

M8 7 35 (right); 36(left); 
65(right); 68(left) 72(left; 

114(right); 133(right) 

IgA deficiency 

M13 1 13 (right) nil 

M18 1 90 (right) nil 

M21 1 310 (right) thyroiditis 

M22 1 14 (left) Perceived oversupply 
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Table 4.3.  Stage of lactation (day post partum), breast affected and duration of 
mastitis episode according to mother 

 

Mother Time 
post 
partum 

Breast Duration 
(days) 

Mother Time post 
partum 

Breast Duration 
(days) 

M1 Day 200 left 4 M14 Day 28  left 2 

M2 Day 6  

Day 21 

left 

left 

4 

5 
M15 Day 30 left 2 

M3 Day 6  

Day 18  

NI* 

right 

 

2 
M16 NIL   

M4 Day 126 

Day 180 

right 

right 

4 

3 
M17 Day 60 right 3 

M5 NIL   M8 NIL   

M6 Day 13  right 3 M19 NIL   

M7 NIL   M20 Day 4  

Day 30  

bilateral 

right 

4 

3 

M8 NIL   M21 Day 280 

Day 320 

Day 340  

Day 400 

left 

left 

right 

right 

3 

4 

3 

3 

M9 NIL   M22 NIL   

M10 NIL   M23 NIL   

M11 Day 20 left 3 M24 Day 5  right 2 

M12 NIL   M25 Day  160  right 5 

M13 NIL   M26 Day 6  

Day 48  

Day 82  

Bilateral 

Left 

right 

4 

3 

5 
  
*NI = no samples collected as not recruited into the study until 2nd episode (not included in total 
episodes) 

Mother 17 went on to develop three further episodes of mastitis before six months post partum 
but did not wish to provide further samples due to the extra stress involved. Mother 17 
contacted the researcher in her subsequent lactation (2002) after the birth of her second child to 
inform her that she had suffered 2 mastitis episodes in the first eight weeks post partum 
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4.3.  RESULTS 

4.3.1.  Changes In Milk Composition During Blocked Duct(s) 

Data from all mothers suffering with blocked duct(s) was not analysed as one group due 

to the variation in co-existing pathologies. Two mothers had medical conditions (M21, 

thyroiditis and M8, IgA deficiency) but had no co-existing breast pathologies. The 

mother (M8) with IgA deficiency contributed over 50% of episodes (n=7) and therefore 

her data has been presented separately. After exclusion of M8 there remained six 

mothers experiencing one episode each of blocked duct(s) however, three of these 

mothers had co-existing breast pathologies. Two mothers experienced nipple trauma 

and one mother, oversupply (Table 4.4). Therefore the median (and interquartile range) 

for both the breast affected by blocked duct(s) and the asymptomatic contralateral breast 

are presented for both the group including co-existing symptoms (n=6) and the group of 

mothers who only suffered with blocked duct(s) (n=3) (Table 4.4.)  

Chloride was observed to be increased in the affected breast in both groups. Lactose 

was decreased in the affected breast of both groups when compared to the asymptomatic 

contralateral breast and the Day 30 mean from “healthy” breasts. However the 

concentration of lactose was lowest in the group where co-existing pathologies were 

present. The excretion of lactose in urine over the 24 hour period was also slightly 

higher in the group with co-existing pathologies whereas the excretion of lactose in 

urine of two of the three mothers in the group with no co-existing pathology was within 

normal range. Lactoferrin was also decreased in the group with co-existing pathologies 

but not in the mothers without other pathologies.  
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Table 4.4. Comparison of milk composition in the affected and unaffected breasts 

all of mothers with blocked duct(s) (excluding M8) and mothers with 
blocked duct(s) where no co-existing pathology was present.   

Urinary lactose (mmol/24 hour) is included for each group of mothers as 
well as the Day 30 mean for each milk component from “healthy” 
breasts.  

Data from “healthy breasts is reported as mean (±SD) whereas data from 
mothers with blocked duct(s) is reported as median (interquartile range) 

 
Mothers with blocked 

duct(s) (excluding M8) n=6 
Mothers with blocked 

duct(s) (excluding all co-
existing breast 

pathologies) n=3 

 

Breastmilk 
component 

 

“Healthy” 
Breasts 
Day 30 
mean 
(±SD) 

Affected 
breast 

Contralateral 
breast 

Affected 
breast 

Contralateral 
breast 

Sodium 
(mmol/l) 

12.6 ± 2.3 13        
(8,18) 

13        
(12,22) 

14   
(13,16) 

14       
(12,16) 

Chloride 
(mmol/l) 

18.5 ± 3.7 21     
(19,26) 

18       
(15,26) 

23   
(21,26) 

17       
(16,18) 

Lactose 
(mmol/l) 

178 ± 18.2 167 
(158,189) 

173 
(160,187) 

173  
(158,189) 

184         
(183, 185) 

Glucose 
(mmol/l) 

1.67 ± 0.5 1.5        
(1.3,2) 

1.2   (0.9, 
1.8) 

1.9      
(1.8, 2) 

1.8     
(1.3,2.4) 

Serum 
albumin (g/l) 

0.5 ± 0.2 0.5        
(0.4,0.8) 

0.4    
(0.3,0.6) 

0.4 
(0.4,0.5) 

0.6     
(0.4,0.8) 

Lactoferrin 
(g/l) 

2.9 ±1.8 1.9        
(1.2,3.4) 

3.1    
(2.2,3.6) 

2.8 
(2.1,3.3) 

2.3     
(1.1,3.4) 

SIgA (g/l) 1.0 ± 0.4 0.9  
(0.8,1.0) 

1.1    
(0.9,1.4) 

1.2 
(0.9,1.6) 

1.2    
(0.8,1.7) 

Urinary 
lactose 
(mmol/24 
hour) 

 

2.9 ± 1.1 

 

3.4 (2.2,5.1) 

 

2.6 (2.1,4.0) 
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Mother 8, who was diagnosed with IgA deficiency during the course of the study 

(Section 3.3.3), experienced six episodes of blocked duct(s). Data on her milk 

composition are presented in detail along with the mean from “healthy” breasts at Fig. 

4.1 to 4.6. Mother 8 generally showed little variation in her milk composition even 

when suffering with blocked duct(s). There was an increase in sodium and chloride 

during two episodes that occurred in different breasts (Day 36, 133), however, the 

increase did not exceed the mean from “healthy” breasts except for chloride on Day 36. 

Serum albumin and glucose showed the most variation although this was within a 

narrow range and the changes did not appear to be related to the occurrence of blocked 

duct(s). There was an increase in the concentration of lactoferrin in both breasts at all 

reference collection days from Day 5 to Day 90 when compared with the mean 

lactoferrin from “healthy” breasts. Lactoferrin concentration was unusually high at Day 

14 in the left breast and continued to be increased in this breast until Day 60. (Fig. 4.6) 

 



 117

 

 
  

H
H

H
H

14 30 35 36 60 65 68 72 90 114 133
0

2

4

6

8

10

12

14
m

ilk
 s

od
iu

m
 (m

m
ol

/l)

day post partum

left breast

right breast

normal meanH

Patterned columns 
indicate breast with 
blocked segment 

 
 
 
Figure 4.1. Milk lactose from right and left breasts of M8 by day post partum 

compared to the mean from “healthy” breasts 
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Figure 4.2.  Milk chloride from right and left breasts of M8 by day post partum 

compared to the mean from “healthy” breasts 
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Figure 4.3.  Serum albumin in milk from right and left breasts of M8 by day post 

partum compared to the mean from “healthy” breasts 
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Figure  4.4. Milk lactose from right and left breasts of M8 by day post partum 

compared to the mean from “healthy” breasts 
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Figure 4.5. Milk lactoferrin from right and left breasts of M8 by day post partum 

compared to the mean from “healthy” breasts 
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Figure 4.6.  Milk lactoferrin from right and left breasts of M8 by day post partum 

compared to the mean from “healthy” breasts 
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4.3.2. Mastitis Symptoms 

At the onset of mastitis 71%(n=17) of breasts affected (n=24) presented with segmental 

inflammation, 13%  (n=4) with localised inflammation and 11% (n=3) with 

inflammation of the whole breast. 

Duration of mastitis episodes ranged from one to five days with a median of two days 

(1,3). Breast symptoms for mastitis episodes ranged from one to five days (mean = 2.2 

+ 1.1 days, n=139) whereas duration for systemic symptoms was from one to four days 

(mean = 2.0 + 1 day, n=156). At the onset of mastitis episodes 38% (n=8) of mothers 

suffered mild systemic symptoms, 38% (n=8) acute and 28% (n=6) hyperacute 

symptoms. 

The severity of both systemic and breast symptoms was greatest at the commencement 

of the mastitis episode, and decreased with time (Fig. 4.7 and 4.8)  

The severity of breast inflammation did not predict the severity of systemic symptoms 

(p<0.23, df:2,71;F=1.5) 
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Figure 4.7.  Severity of breast symptoms experienced on each day of the mastitis 

episode.  
(The box represents the interquartile range which contains 50% of values. The whiskers 
are lines that extend from the box to the highest and lowest values, excluding outliers. A 
line across the box indicates the median. Outliers (2 box lengths) are shown as O and 
extremes (3 box lengths) as *.) 
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Figure 4.8.   Severity of systemic symptoms experienced on each day of the 

mastitis episode  
(Details of data graphed appear in Fig. 4.7) 
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4.3.3. Breastmilk Bacteriology During Mastitis 
 
Breastmilk was collected for culture, sensitivity, leucocyte and bacterial counts from 

both breasts of nine mothers experiencing 13 mastitis episodes (Table 4.5). Samples 

were not collected for two of the remaining episodes (M21) because, although the 

mother felt unwell, her recorded temperature was less than 37.50C and cultures from 

previous episodes had been negative.  In six of the episodes, samples for culture were 

not collected because mothers had already commenced antibiotics prior to the visit from 

the researcher and the remaining episode occurred while the mother was holidaying. 

(This mother did however collect daily milk samples after obtaining sterile 

polypropylene microbiology jars from a doctor’s surgery). 

Only samples from two of the 13 episodes cultured positive for pathogens. Mother 2 

second episode (1st episode not cultured, experienced on Day 21, cultured 4.5 x 104 

cfu/ml S. aureus from the affected breast. The whole breast was inflamed and 

oedematous. Mother 26 first episode (experienced on Day 6) cultured 1.2x105 cfu/ml 

penicillin resistant S. aureus from both breasts. This mother had some localised 

transient (24 hours) erythema in both breasts and deeply fissured nipples. This mother 

experienced a further two episodes of mastitis on Day 48 and Day 82, and neither 

yielded cultures positive for pathogens. Both mothers suffered hyperacute systemic 

symptoms at the onset of the mastitis episode. 

Milk from seven of the remaining 11 episodes showed higher counts of coagulase-

negative staphylococci (CNS) and Streptococci (Strep) viridans in the affected breast 

than in the unaffected breast. Two of the remaining four mothers showed no difference, 

one did not have a report for the unaffected breast and in the remaining episode both 

breasts were symptomatic.  

Antibiotics were taken by all of the mothers except M1 and M21, neither of whom 

believed their mastitis to be infective in nature. Mother 21 took a non-steroidal anti-

inflammatory (ibuprofen), which she believed effectively relieved her symptoms. 
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Table 4.5. Milk culture and sensitivity, leucocyte and bacterial counts in relation to  
breast and systemic symptoms suffered at the onset of the mastitis episode.  
*1.2x103 =  1.2x103 colony forming units/ml, leuc = leucocytes, bact = bacteria    
 **CNS = coagulase negative staphylococci 
 

Mother Breast Antibiotic  
taken 

Culture Breast 
Symptoms 

 

Systemic 
symptoms 

Day post 
partum 

M1 Right breast  scant leuc, no bact, no organisms 
 

Nil  Day 201 

 Left breast nil scant leuc, no bact                
1.2x103* CNS** 

Segmental acute  

M2 Right breast  Scant leuc 
103 CNS and Strep. viridans. 

Nil  Day 21 

 Left breast flucloxacillin many leuc 
4.5x104 S. aureus,                 

6x104 Strep. viridans. 

Breast hyperacute  

M11 Right breast  scant leuc, no bact, no organisms 
 

  Day 20 

 Left breast cephalexin mod leuc 
103 CNS and Strep. viridans. 

segmental hyperacute  

M17 Right breast nil Scant leuc, no bact,                 
2.5 x 103 CNS and Strep. viridans. 

segmental acute Day 60 

 
 

Left breast  No leuc, no bact no organisms oversupply   
 

20 Right breast flucloxacillin scant leuc, no bact,                 
105 CNS and Strep. viridans. 

segmental mild Day 4 

 Left breast  mod leuc, no bact                 
103 CNS and Strep. viridans. 

breast mild  

M20  
(2nd episode) 

Right breast flucloxacillin scant leuc, no bact,                 
105 CNS and Strep. viridans. 

segmental acute Day 30 

 Left breast  No leuc, no bact 103 CNS 
 

nil   

M21 Right breast  No leuc or bact, 103  CNS 
 

nil  Day 280 

 Left breast nil No leuc, no bact 103 CNS 
 

segmental mild  

M21 
(2nd episode) 

Right breast  No leuc or bact, 103  CNS nil  Day 320 

 Left breast nil No leuc, no bact 103 CNS 
 

segmental acute  

M24 Right breast flucloxacillin No leuc, no bact, 5.3x104  CNS 
 

localised acute Day 5 

 Left breast  No leuc, no bact,                   
1.6x105 CNS and Strep. viridans. 

nil   

M25 Right breast cephalexin No bact 8x102CNS 
 

segmental mild Day 160 

 Left breast  No report 
 

nil   

M26 
(1st episode) 

Right breast flucloxacillin No leuc, scant gram pos cocci, 
1.2x105penicillin resistant          

S. aureus, 

localised hyperacute Day 6 

 Left breast  No leuc, scant gram pos cocci, 
1.25x105 penicillin resistant        

S. aureus, 

localised hyperacute  

M26 
(2nd episode) 

Right breast flucloxacillin Moderate leuc and gram pos cocci, 
5.4x104  CNS and Strep. viridans. 

segmental acute Day 48 

 Left breast  No leuc, no bact, 1x103 CNS 
 

localised acute  

M26 
(3rd episode) 

Right breast flucloxacillin Scant leuc, no bact          ,         
1x103 CNS and Strep. viridans. 

segmental mild Day 82 

 Left breast  Scant leuc, no bact,                 
1x102 CNS 

Blocked 
nipple pore  
(white spot)  

mild  

 
 

 



 124

4.3.4. C-reactive Protein Response During Mastitis. 

C-reactive protein (CRP) was measured daily in both the milk and blood of mothers 

who consented to sampling during mastitis episodes and at follow-up (7 days post 

resolution of mastitis symptoms). The concentration of CRP in blood for mastitis 

samples (n=36) ranged from 7 to 316mg/l (mean=65.5 + 62.9). Mean serum CRP was 

highest (77 +58mg/l) on Day 2 of mastitis episodes. The concentration of CRP in blood, 

on the 2nd mastitis day, for the infective episodes of mastitis (S. aureus) was variable 

(55mg/l and 145mg/l) when compared to the mean serum CRP for the non-infective 

mastitis episodes (68+51mg/l). When adjusted for stage of lactation, the concentration 

of CRP in blood was significantly increased during mastitis (p<0.001,df:1,81;F=31) 

however mixed model analysis did not find that any particular day of the mastitis 

episodes (1st,2nd,3rd,4th, or 5th  day) to be a significant predictor for CRP concentration in 

blood (p<0.75, df:3,28;F=0.4). When adjusting for co-existing pathologies and stage of 

lactation, the concentration of CRP in blood at follow-up was not significantly different 

(p<0.55, df:1,44;F=0.4) from mothers with “healthy” breasts.  
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Figure  4.9. Descriptive data for CRP (mg/l) in blood on each day of mastitis episodes (Day 
1 to Day 5) Concentrations of CRP in blood for women with “healthy” breasts 
(no mastitis) and at follow-up 7 days post resolution of mastitis are included for 
comparison. The no mastitis cases include reference measurements at Day 5 
and Day 14 post partum when CRP may have been elevated following trauma 
from birth. 
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The concentration of CRP blood, in the mixed model analyses, increased according to 

both the severity of breast and systemic symptoms (Figures 4.10). The model for 

severity of systemic symptoms was a significant predictor for change in the 

concentration of CRP in blood (p<0.01; df:3,42; F=9.6) whereas the severity of breast 

symptoms did not predict changes in blood CRP (p<0.37; df:2,31; F=1.0). The 

estimated means (95% CI) and significance values for type of symptoms from the 

mixed effects models are shown in Figure 4.10. The mid point represents the estimated 

mean with upper and lower points, the 95%CI. 
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Figure 4.10.  Estimated means (95%CI) from the mixed model analysis for CRP in blood 
according to the severity of systemic symptoms (a) and breast symptoms (b) 
experienced during mastitis. Follow-up data is included in graph (a). 
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During mastitis, the concentration of CRP in milk from the mastitis breast ranged from 

below the level of detection to 5.2 mg/l compared to the contralateral asymptomatic 

breast where the concentration also ranged from below the level of detection to 4.77 

mg/l. Both the symptomatic mastitis breast (p<0.001,df:1,79,F=19) and the contralateral 

asymptomatic breast (p<0.004,df:1,75,F=8.7) had a significantly higher milk CRP when 

compared to “healthy” breasts. The estimated mean (95%CI) for concentration of CRP 

in milk from the mixed model was 2.0 (1.4, 2.6) in mastitis breasts (n=58) and 1.76 

(1.1, 2.4) in the contralateral asymptomatic breast (n=41). This was not significantly 

different (p<0.221,df:1,87,F=1.5). The concentration of CRP in milk increased over the 

period of the mastitis episode to reach a peak on Day 4 of the episode (2.3mg/l), 

however, the model was not significant (p<0.31,df:4,41;F=1.2) (Fig. 4.11). The mean 

for the two infective (S. aureus) episodes (2.9 mg/l) was higher than the mean milk 

CRP of non-infective mastitis breasts (2.0mg/l). When adjusted for co-existing 

pathologies and stage of lactation the concentration of CRP in milk from mastitis 

breasts (n=12) at follow-up (7 days post resolution of symptoms) was not significantly 

different (p<0.21,df:1,57,F=1.6) from the concentration of CRP in milk from “healthy” 

breasts (n=49). 
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Figure  4.11  Descriptive data for CRP (mg/l) in milk on each day of mastitis episodes (Day 
1 to Day 5). Concentrations of CRP in milk for women with “healthy” breasts 
(no mastitis) and at follow-up after mastitis are included for comparison. The 
no mastitis cases include reference measurements at Day 5 and Day 14 post 
partum when the mean CRP was below the level of detection. 
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C-reactive protein response in breastmilk during mastitis was observed to increase with 

severity of breast symptoms (Fig. 4.12). The concentration of CRP in milk was within a 

very narrow range compared to the concentration of CRP in blood and the predictive 

model for severity of breast symptoms was not significant (p<0.82,df:2,47,F=0.2). 

Severity of systemic symptoms was also not a significant predictor for change in the 

concentration of CRP in milk (p<0.59; df:3,45; F=0.63). The estimated means (95% CI) 

from the mixed models are shown in Figure 4.12:  
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Figure 4.12. Estimated means (95%CI) from the mixed model analysis for CRP (mg/l) in 
milk according to the severity of breast symptoms (a) and systemic symptoms 
(b) experienced during mastitis. Data from women with “healthy” breasts (no 
mastitis), the contralateral asymptomatic breast and the mastitis breast at follow 
up is included in graph (a). 
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4.3.5. Changes In Milk Composition During Mastitis 

The mixed model analysis showed a significant difference in the concentrations of 

sodium, chloride, serum albumin and lactose in the mastitis breast when compared to 

the contralateral asymptomatic breast (Table 4.6.). Although there was a trend for a 

decrease in glucose and an increase in lactoferrin and sIgA in the mastitis breast the 

difference was not significant. Similar results were obtained when comparing the 

mastitis breast with “healthy” breasts (Table 4.7.)  

There were no significant differences in the concentrations of any of the milk 

components measured in either the contralateral asymptomatic breast during mastitis 

when compared with “healthy” breasts (Table 4.8.) or in the mastitis breast at follow-up 

(7 days post resolution of symptoms) when compared to “healthy” breasts (Table 4.9.) 

All analyses were adjusting for co-existing symptoms and stage of lactation 

 
Table  4.6 Estimated mean (95%CI) from the mixed model analysis for 

concentration of milk components in the mastitis breast compared to the 
contralateral asymptomatic breast.  

Milk component Mastitis Breast  
estimated mean 
(95% CI levels) 

Contralateral    
Asymtpomatic 

Breast           
estimated mean  
(95% CI levels) 

Statistical analysis 
(mixed model) 

adjusted for stage of 
lactation and co-

existing pathologies 

sodium     
(mmol/l)  

21.8 (16.8; 26.9)  
n=80 

14.8  (9.7, 20.0)  
n=63 

p<0.001, 
df:1,127;F=23.9 

chloride     
(mmol/l) 

30  (23.9, 36.8) 
n=80 

22 (15.7, 28.6)   
n=63 

p<0.001, 
df:1,127;F=23.6 

serum albumin 
(g/l) 

0.74 (0.54, 0.92)  
n=79    

0.60 (0.41, 0.79) 
n=62 

p<0.02, 
df:1,126;F=5.6 

lactose      
(mmol/l) 

159 (151, 166) 
n=80 

168 (161, 175) 
n=63 

p<0.003, 
df:1,128;F=8.9 

glucose      
(mmol/l) 

1.39 (1.1, 1.69)   
n=79 

1.5 (1.2, 1.8)     
n=62 

p<0.21, 
df:1,126;F=1.6 

lactoferrin         
(g/l) 

3.45 (2.2, 4.7)  
n=79 

2.68  (1.41, 3.95)  
n=62 

p<0.069, 
df:1,128;F=3.4 

sIgA                   
(g/l) 

1.22 (1.02, 1.43)  
n=79 

1.19 (0.99, 1.4)  
n=62 

p<0.68, 
df:1,127;F=0.164. 
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Table 4.7. Estimated mean (95%CI) from the mixed model analysis for 
concentration of milk components in the mastitis breast compared to 
“healthy” breasts 

 

MASTITIS NO MASTITIS Milk component 

Mastitis  breast        
mean (95% CI) 

“Healthy” breasts     
mean (95% CI) 

Statistical analysis   
(mixed model) 

adjusted for stage of 
lactation and co-

existing pathologies 

sodium  
(mmol/l)  

21 (18,24)            
n=48                

14 (12, 16)          
n=155 

p<0.001, 
df:1,187;F=30.4 

chloride 
(mmol/l) 

28 (24, 31)            
n=48 

21 (19, 23)          
n=155 

p<0.001, 
df:1,159;F=14.2 

serum albumin 
(g/l) 

0.8 (0.62, 0.94)        
n=47 

0.5 (0.36, 0.57)   
n=154 

p<0.001, 
df:1,166;F=19.3 

lactose   
(mmol/l) 

165 (156, 173)     
n=48 

174 (169, 178)    
n=155 

p<0.016, 
df:1,149;F=5.9 

glucose    
(mmol/l) 

1.4 (1.2, 1.8)        
n=47 

1.6 (1.4, 1.7)       
n=154 

p<0.25, df: 
1,194;F=0.11 

lactoferrin      
(g/l) 

3.0  (2.8, 5.2)       
n=47 

3.2  (2.5, 4)         
n=155 

p<0.12, df: 
1,155;F=1.7 

sIgA               
(g/l) 

1.35 (1.1, 1.6)      
n=47 

1.25 (1.1, 1.4)     
n=154 

p<0.15, df: 
1,194;F=2.1. 
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Table 4.8. Estimated mean (95%CI) from the mixed model analysis for 

concentration of milk components in the asymptomatic contralateral 
breast during mastitis compared to “healthy” breasts  

 

MASTITIS NO MASTITIS  

Milk component 
Contralateral 

asymptomatic breast  
mean (95% CI) 

“Healthy” breasts    
mean (95% CI) 

Statistical analysis 
(mixed model) 

adjusted for stage of 
lactation and co-

existing pathologies 

sodium    
(mmol/l)  

14.8 (12.6,17.1)        
n=54                

14.6 (12.6, 16.6)  
n=155 

p<0.81, 
df:1,204;F=0.06 

chloride    
(mmol/l) 

22 (19, 24)            
n=54 

22 (19, 25)          
n=155 

p<0.94, 
df:1,207;F=0.005 

serum albumin 
(g/l) 

0.5 (0.41, 0.64)        
n=53 

0.45 (0.36, 0.54)  
n=154 

p<0.19, 
df:1,198;F=1.7 

lactose    
(mmol/l) 

169 (163, 176)     
n=54 

171 (166, 176)    
n=155 

p<0.59, 
df:1,207;F=0.28 

glucose   
(mmol/l) 

1.5 (1.3, 1.8)        
n=53 

1.5 (1.3, 1.7)       
n=154 

p<0.74, 
df:1,204;F=0.11 

lactoferrin       
(g/l) 

3.0  (2.2, 3.8)       
n=53 

3.3  (2.7, 4)         
n=155 

p<0.39, 
df:1,206;F=0.73 

sIgA               
(g/l) 

1.27 (1.1, 1.5)      
n=53 

1.25 (1.1, 1.4)     
n=154 

p<0.73, 
df:1,194;F=0.116. 
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Table 4.9  Estimated mean (95%CI) from the mixed model analysis for 

concentration of milk components in the mastitis breast at follow-up (7 
days post resolution of symptoms) compared to “healthy” breasts 

 

MASTITIS NO MASTITIS Milk component 

Mastitis breast at 
follow-up            

mean (95% CI) 

“Healthy” breasts    
mean (95% CI) 

Statistical analysis 
(mixed model) 

adjusted for stage of 
lactation and co-

existing pathologies 

sodium    
(mmol/l)  

17.6 (14,21)          
n=16                

15.4 (13,17)        
n=155 

p<0.12, 
df:1,168;F=2.4 

chloride   
(mmol/l) 

23 (21, 25)            
n=16 

22 (22, 30)          
n=155 

p<0.16, 
df:1,157;F=0.16 

serum albumin 
(g/l) 

0.56 (0.38, 0.74)       
n=53 

0.46 (0.39, 0.54)  
n=154 

p<0.29, 
df:1,173;F=1.1 

lactose     
(mmol/l) 

165 (154, 175)     
n=16 

172 (166, 177)    
n=155 

p<0.16, 
df:1,153;F=1.9 

glucose   
(mmol/l) 

1.5 (1.2, 1.8)        
n=14 

1.5 (1.3, 1.7)       
n=154 

p<0.91,  
df:1,164;F=0.01 

lactoferrin      
(g/l) 

3.9  (2.7, 5.2)       
n=16 

3.9  (3.3, 4.5)        
n=155 

p<0.93, df: 
1,157;F=0.006 

sIgA                
(g/l) 

1.3 (1.1, 1.6)         
n=15 

1.3 (1.1, 1.5)       
n=154 

p<0.55, 
df:1,162;F=0.36. 
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Results from three case histories (M1, M17 and M21) are presented as an example of 

the varying course in change of milk composition between individuals. The most 

extreme changes in milk composition were experienced by M17 who reported 

oversupply problems in the weeks prior to suffering with mastitis. She went on to 

experience a further three episodes of mastitis prior to six months post partum after 

which time she weaned her baby. Unfortunately this mother withdrew from the study 

following completion of the Day 5 to Day 90 reference collection period, so there are no 

data available for these last three mastitis episodes. Changes in this mother’s milk 

composition in the mastitis breast are shown in Table 4.10. These results reflect the 

findings from the mixed models analyses (Table 4.6) which showed significant changes 

in sodium, chloride, lactose and serum albumin, while glucose, lactoferrin  and sIgA 

remained relatively stable. There was a return to normal concentrations at follow-up (7 

days post resolution of symptoms) with the exception of serum albumin and lactoferrin, 

which were both increased in comparison with reference Day 30 results from “healthy” 

breasts. The only 24 hour urine collection supplied by this mother during the period of 

her mastitis was on the first day (Day 1) of the mastitis episode. The excretion of 

lactose was very elevated at 12.5mmol/24 hour compared to her reference Day 90 

sample when it was 2.2mmol/24 hour. 

Table  4.10. Milk composition in the mastitis breast of M17 for each day of her 
mastitis episode with follow-up compared to the Day 30 reference results 
from “healthy” breasts. 

Mother/ 
day post 
partum 

Sodium 
(mmol/l) 

Chloride 
(mmol/l)

Lactose 
(mmol/l)

Glucose 
(mmol/l)

Serum 
albumin 

(g/l) 

Lactoferrin 
(g/l) 

sIgA (g/l) 

M17   
Day 61 

77 100 82 1.54 2.54 3.2 0.81 

M17   
Day 62 

50 71 135 1.51 2.25 2.3 1.07 

M17   
Day 63 

27 55 175 1.54 2.0 2.1 0.9 

Follow-
up Day 

70 

9 18 184 1.3 1.28 4.8 1.2 

Day 30 
reference 

results 
from 

 

12 +  2 

 

18.5 +  4 

 

178 +  18 

 

1.6 +  0.5 

 

0.5 + 0 .2 

 

2.9 +  1.8 

 

1.0 +  0.4 
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“healthy” 
breasts 

 

Mother 1 and M21 experienced mastitis at six and nine months of their lactations, 

respectively. Predisposing factors cited by the mothers were nipple trauma related to a 

bite from her baby (M1) and stress related to family problems (M21). Mother 1 had 

experienced an early episode of blocked duct(s) (Day 21) and M21 went on to 

experience further recurrent episodes of mastitis and blocked duct(s) at Days 320, 340 

and 400 post partum. Both M1 and M21 had a history of mastitis with a previous 

lactation. Changes in milk composition were not as extreme as those observed in M17. 

Mother 1 demonstrated an overnight recovery of the concentrations of sodium, chloride 

and serum albumin to within normal range despite the duration of mastitis symptoms 

being four days. Mother 21 showed a slower recovery, similar to that of M17. Results 

from analyses of milk composition are shown in Tables 4.11 and 4.12. Urine samples 

were not provided by these two mothers.  
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Table  4.11 Milk composition in the mastitis breast of M1 for each day of her 
mastitis episode with follow-up compared to the Day 30 reference results 
from “healthy” breasts 

Mother/ 
day post 
partum 

Sodium 
(mmol/l) 

Chloride 
(mmol/l)

Lactose 
(mmol/l)

Glucose 
(mmol/l)

Serum 
albumin 

(g/l) 

Lactoferrin 
(g/l) 

sIgA (g/l)

M1      
Day 200 
(2000h) 

22 32 178 2.50 1.36 2.16 1.22 

M1     
Day 201 
(1000h) 

8 17 177 1.60 0.43 1.58 0.96 

M1     
Day 202 

10 17 135 2.70 1.40 1.63 0.92 

M1     
Day 203 

5 20 170 2.26 0.40 3.10 1.28 

Follow-
up Day 

210 

9 13 161 2.0 0.84 1.50 1.0 

Day 30 
results 
from 

“Healthy” 
breasts 

 

12 +  2 

 

18.5 +  4 

 

178 +  18 

 

1.6 +  0.5 

 

0.5 + 0 .2 

 

2.9 +  1.8 

 

1.0 +  0.4 

 
 
Table 4.12. Milk composition in the mastitis breast of M21 for each day of her 

mastitis episode. Day 30 reference results from “healthy” breasts are 
shown in Table 4.11. Follow up samples not provided for this mastitis 
episode 

 

Mother/ 
day post 
partum 

Sodium 
(mmol/l) 

Chloride 
(mmol/l)

Lactose 
(mmol/l)

Glucose 
(mmol/l)

Serum 
albumin 

(g/l) 

Lactoferrin 
(g/l) 

sIgA 
(g/l) 

M21      
Day 280  

29 36 137 1.64 0.48 2.67 1.42 

M21     
Day 281  

27 36 159 2.1 1.41 1.58 1.07 

M21   15 22 179 2.41 1.68 1.48 1.58 
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Day 282 

 
 
 
 
 
 
 
 
4.3.5.1. Changes In Milk Composition According To Day Of Mastitis  
 
Milk samples were collected from both the symptomatic and contralateral asymptomatic 

breasts for each day that symptoms were suffered and then again as a follow-up seven 

days post resolution of symptoms.  Table 4.13. shows the changes in milk composition 

occurring in each breast according to each day of mastitis. 
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Table 4.13.  Descriptive data for milk components in 24  episodes of mastitis (20 single breast episodes, 2 bilateral episodes). Values are shown for           
mastitis and contralateral asymptomatic breasts according to day of mastitis. Median values with interquartile range are reported  

Mastitis Day 
(n=number of 

episodes) 

Non-mastitis  
breast  sodium 

(mmol/l) 

Mastitis  
breast      

sodium 

Non-mastitis 
chloride 
(mmol/l) 

Mastitis    
chloride 

Non-mastitis 
lactose   

(mmol/l) 

Mastitis   lactose Non-mastitis 
glucose 
(mmol/l) 

Mastitis   
glucose 

Day 1 (n=24) 12 (9,13) 23.5 (14,32) 18.5 (14,25) 30 (20,40) 171 (155,185) 160 (146,178) 1.6 (.9,1.9) .97 (.6,1.6) 

Day 2 (n=22) 14 (9,15) 18 (13,21) 17 (16,23) 27 (18,31) 164 (150,180) 155 (148,175) 1.5 (1.1,1.8) 1.4 (.9,1.6) 

Day 3 (n=19) 12 (9,16) 16 (12,23) 20 (15,23) 24 (20,33) 171 (157,191) 166 (145,184) 1.7 (1,2) 1.3 (.8,1.9) 

Day 4 (n=11) 13 (9,15) 14 (10,23) 19 (18,22) 23 (19,31) 172 (148,174) 165 (153, 187) 1.8 (1.8,2.3) 1.7 (.6,1.8) 

Day 5 (n=3) 14 (13,17) 16 (9,20) 20 (18, 26) 23 (21,31) 166 (125,184) 152 (144,164) 1.1 (.6,1.2) 1 (.7,1.6) 

Follow up 
(n=19) 

12 (8,14) 13 (9,15) 18.5 (16,20) 20 (16,26) 183 (154,192) 160 (147,176) 1.3(1.1, 1.8) 1.4 (1,1.7) 

 

Mastitis Day Non-mastitis 
serum albumin 

(g/l) 

Mastitis serum 
albumin 

Non-mastitis 
lactoferrin  

(g/l) 

Mastitis    
lactoferrin 

Non-mastitis 
sIgA           
(g/l) 

Mastitis     
sIgA 

Non-mastitis 
CRP        

(mg/l) 

Mastitis   CRP 

Day 1 0.41 (0.2,0.7) 0.48 (0.2, 1.0) 1.8 (1.2,2.8) 1.6 (1.2,3.5) 1.0 (0.7,1.4) 1.1 (0.8,1.5) 1 (1,2.4) 1 (0.9,2.4) 

Day 2 0.47 (0.4, 06) 0.44 (0.3, 09) 2.6 (1.9,3.1) 2.9 (1.2,6.7) 1.1 (0.7,1.5)  1.0  (0.8,1.6) 1 (1,2.1) 2 (1,3) 

Day 3 0.59 (03, 08) 0.66 (0.3, 1) 2.2 (1.9,2.8) 2.3 (1.7,5.2) 1.0 (0.9, 1.2) 1.1 (0.8, 1.6) 1.9 (1,2.6) 2. (1,2.7) 

Day 4 0.35 (0.2, 09) 0.55 (0.3, 0.8) 1.9 (0.8, 4) 3.8 (2.3,5) 0.8  (0.6, 1.1) 1.3 (0.7, 1.5) 1 (0.5, 3) 3 (1.1, 3.9) 

Day 5 0.34 (0.1,0.9) 0.4 (0.3, 0.9) 1.6 (1.2,1.9) 4.6 (2.6,5.2) 0.9 (0.7, 1.2) .9 (0.8, 1.6) 1.68 2.1 

Follow up 0.5 (0.4,0.9)  0.5 (0.3,0.8) 2.5 (1.5, 3.1) 2.5 (1.2, 4) 0.9 (0.8, 1.2) 1.0 (0.8, 1.3) 1 (1,1.2) 1 (1,1.7) 
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The mixed model analysis found that the day of mastitis (1st,2nd,3rd, 4th, or 5th day) did 

not significantly predict changes in milk composition. The estimated means (95%CI) 

from the mixed models for mastitis day, mastitis/no mastitis and follow up/no mastitis 

are shown in Figures 4.13. and 4.14.  Statistics for the mastitis day model are shown at 

each figure. 

The concentration of sodium and chloride in milk showed similar trends over the period 

of mastitis, being highest on Day 1 of the mastitis episode and then decreasing over 

time. At follow-up after mastitis sodium showed greater variation than chloride and 

both were observed to be increased compared to no mastitis, although this was not 

significant (Fig. 4.13.).  
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Figure 4.13. Milk sodium according to day of mastitis (p<0.16; df:4,62; F=1.7). Results 
also shown for “healthy” breasts (no mastitis) and at follow-up (7 days post 
resolution of symptoms) for comparison 
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Figure 4.14.  Milk chloride according to day of mastitis (p<0.27; df:4,62; F=1.3) Results 
also shown for “healthy” breasts (no mastitis) and at follow-up (7 days post 
resolution of symptoms) for comparison 
 



 140

Serum albumin in milk was observed to increase over the first three days of the mastitis 

episode although the increase was not significant (Fig.4.15) despite a large variation 

around the mean during the mastitis episode and also at follow-up after mastitis 

compared to “healthy” breasts.  

The concentration of both lactose and glucose in milk were decreased over the period of 

the mastitis episode although both followed a varied course. As with other milk 

components there was increased variation around the mean.  The concentration of 

lactose and glucose were both still lower at follow up (7 days post resolution of 

symptoms) than the concentration in healthy breasts, although the difference was not 

significant (Fig.. 4.16 and 4.17). 

The concentration of sIgA rose only slightly over the period of the mastitis. Although 

the mean had returned to near normal at follow-up after mastitis there was still an 

increased variation around the mean. Milk lactoferrin followed a varied path throughout 

the course of the mastitis and also showed an increased variation about the mean. The 

concentrations of both lactoferrin and sIgA in milk at follow-up after mastitis were not 

significantly different from “healthy” breasts (Fig.. 4.18 and 4.19).  
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Figure 4.15. Serum albumin in milk according to day of mastitis (p<0.78; df:4,62; 
F=0.40) Results also shown for “healthy” breasts (no mastitis) and at 
follow-up (7 days post resolution of symptoms). 
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Figure 4.16.  Milk glucose according to day of  mastitis (p<0.35; df:4,63;F=01.1) 
Results also shown for “healthy” breasts (no mastitis) and at follow-up (7 days post resolution of 
symptoms). 
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Figure 4.17.  Milk lactose according to day of mastitis (p<0.46; df:4,62; F=0.9) 
Results also shown for “healthy” breasts (no mastitis) and at follow-up (7 days post resolution of 
symptoms). 
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Figure 4.18.   Milk lactoferrin according to day of mastitis (p<0.94; df:4,67; F=0.20) 
Results also shown for “healthy” breasts (no mastitis) and at follow-up (7 days post resolution 
of symptoms). 
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Figure 4.19.   Milk sIgA according to day of mastitis (p<0.93; df:4,64; F=0.21) 
Results also shown for “healthy” breasts (no mastitis) and at follow-up (7 days post resolution 
of symptoms). 
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4.3.5.2. Changes in Milk Composition According to Breast and Systemic 
Symptoms 

 
Mixed model analysis was undertaken to examine whether either the severity of breast 

symptoms (localised, segmental or whole breast inflammation) or the severity of 

systemic symptoms (nil, mild, acute or hyperacute) could predict changes in milk 

composition. Statistics and the estimated means (95%CI) from the mixed models for 

breast symptoms and systemic symptoms are shown at Figures 4.20 to 4.26. These 

figures also include, for comparison, the means (95%CI) from the models for 

mastitis/no mastitis (labelled no mastitis), follow up/no mastitis (labelled F-up) and 

mastitis breast/contralateral breast (labelled contralateral breast), which were originally 

reported in Tables 4.6 to 4.9. 

When analysed in relation to the severity of both breast and systemic symptoms, the 

concentration of sodium and chloride in the mastitis breast increased according to 

severity of symptoms suffered. However, neither the differences in severity of breast 

symptoms nor in the severity of systemic symptoms were significant predictors for 

changes in the concentrations of sodium and chloride in milk (Fig. 4.20 and 4.21). 

Sodium remained increased even when mothers had recovered from systemic symptoms 

but still experienced breast inflammation (Fig. 4.20). An increased variation in the 

concentrations of sodium and chloride was observed in the asymptomatic contralateral 

breast during mastitis and in the mastitis breast at follow-up (7 days post resolution of 

symptoms) although these changes were not significant (Table 4.9.) 

Similarly, serum albumin in milk showed an increase in both the symptomatic and 

contralateral breasts and during breast inflammation after systemic symptoms had 

resolved (Fig. 2.22). However a difference in severity of symptoms did not significantly 

predict milk composition (Fig. 2.22) 

The concentration of lactose in milk was decreased during mastitis in both the mastitis 

and asymptomatic contralateral breast. However the decrease in the contralateral breast 

was not significantly different from “healthy” breasts (Table 4.8.) The severity of 

systemic symptoms was a significant predictor for milk lactose with acute systemic 

symptoms predicting a significant decrease in milk lactose compared to when systemic 

symptoms had resolved but breast inflammation remained (Fig. 4.23). 

Glucose showed a large variation around the mean in both the asymptomatic 

contralateral breast and in the mastitis breast. The statistical models showed 
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inflammation of the whole breast and hyperacute systemic systems where both 

significant predictors for a decrease in milk glucose compared to less acute symptoms. 

(Fig. 4.24). There was no significant difference in the concentration of glucose in milk 

at follow-up after mastitis compared to “healthy” breasts (Table 4.9)  

Lactoferrin and sIgA followed a varied course in regard to breast and systemic 

symptoms. The concentration of both defence components showed a trend towards 

increasing with severity of symptoms experienced (Fig. 4.25 and 4.26). There was a 

marked increase in lactoferrin with the more extreme symptoms of whole breast 

inflammation, and both lactoferrin and sIgA were significantly increased with 

hyperacute systemic symptoms (Fig. 4.25 and 4.26). 
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Figure 4.20. Estimated means (95%CI) from the mixed model analyses for milk 

sodium according to the severity of breast symptoms (a) (p<0.23; 
df:2.64; F=1.5) and systemic symptoms (b) (p<0.36; df:3,65; F=1.1)  

 
Results are also shown for “healthy” breasts (no mastitis), the 
asymptomatic contralateral breast and the mastitis breast at follow-up (7 
days post resolution of symptoms). 
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Figure 4.21.  Estimated means (95%CI) from the mixed model analyses for milk 

chloride according to the severity of breast symptoms (a) (p<0.29; 
df:2,63; F=1.2) and systemic symptoms (b) (p<0.67; df:3,64; F=0.5) 

 
Results are also shown for “healthy” breasts (no mastitis), the 
asymptomatic contralateral breast and the mastitis breast at follow-up (7 
days post resolution of symptoms). 
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Figure 4.22. . Estimated means (95%CI) from the mixed model analyses for serum 

albumin in milk according to the severity of breast symptoms (a) 
(p<0.98; df:2,66; F=0.02) and systemic symptoms (b) (p<0.81; df:3,66; 
F=0.3)  

 
Results are also shown for “healthy” breasts (no mastitis), the 
asymptomatic contralateral breast and the mastitis breast at follow-up (7 
days post resolution of symptoms). 
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Figure 4.23. Estimated means (95%CI) from the mixed model analyses for 

milk lactose according to the severity of breast symptoms (a) (p<0.48; 
df:2,69; F=0.7) and systemic symptoms (b)(p<0.037; df:3,69; F=2.9) 
 
Results are also shown for “healthy” breasts (no mastitis), the 
asymptomatic contralateral breast and the mastitis breast at follow-up (7 
days post resolution of symptoms). 
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Figure 4.24. Estimated means (95%CI) from the mixed model analyses for milk 

glucose according to breast symptoms (a) (p<0.01; df:2,65; F=5.0) and  
systemic symptoms (b) (p<0.034; df:; F=3.0)  

 
Results are also shown for “healthy” breasts (no mastitis), the 
asymptomatic contralateral breast and the mastitis breast at follow-up (7 
days post resolution of symptoms). 
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Figure 4.25. Estimated means (95%CI) from the mixed model analyses for milk 

lactoferrin according to the severity of breast symptoms (a) (p<0.31; 
df:2,71; F=1.2) and systemic symptoms (b) (p<0.055; df:2,71; F=2.4) 
 
Results are also shown for “healthy” breasts (no mastitis), the 
asymptomatic contralateral breast and the mastitis breast at follow-up (7 
days post resolution of symptoms). 
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Figure 4.26 Estimated means (95%CI) from the mixed model analyses for milk sIgA 

according to breast symptoms (a) (p<0.021; df:2,67; F=4.1) and  
systemic symptoms (b) (p<0.028; df:2,67; F=3.9) 

 
Results are also shown for “healthy” breasts (no mastitis), the 
asymptomatic contralateral breast and the mastitis breast at follow-up (7 
days post resolution of symptoms). 
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4.3.6. Lactose Excretion During Mastitis 

Twenty four hour urine collections and daily blood sampling was undertaken for each 

day of the mastitis episode, if the mother consented. The lactose excretion in urine over 

a 24 hour period was found to be significantly higher during mastitis (p<0.001, 

df:1,117; F=26.6) than lactose excretion in urine from mothers with “healthy” breasts, 

even when the mixed model analysis was adjusted for stage of lactation and co-existing 

pathology. The descriptive data for the 24 hour output of lactose in urine, according to 

Mastitis Day (ie: 1st, 2nd 3rd 4th and 5th day of the episode), are shown in Table 4.14 and 

is accompanied by data at follow-up seven days post resolution of symptoms and from 

women with “healthy” breasts. Mastitis Day was not found to be a significant predictor 

for changes in the 24 hour concentration of lactose in urine (p<0.24, df:3,23; F=1.5). 

The 24 hour excretion of lactose in urine at follow-up (7 days post resolution of 

symptoms) was also not significantly different from the lactose in urine from women 

with “healthy” breasts (p<0.25, df:1,48, F=1.3). 

The concentration of lactose in blood was assessed from a single blood sample taken 

during the 24 hour urine collection. When the mixed model analysis was adjusted for 

stage of lactation and co-existing pathology, the concentration of lactose in blood was 

not significantly different during mastitis (p<0.12, df:1,70; F=2.5) compared to 

“healthy” breasts, despite a close correlation with the excretion of lactose in urine 

(p<0.01, r=0.8) The descriptive data for blood lactose, according to Mastitis Day (ie: 1st, 

2nd 3rd 4th and 5th day of the episode), are shown in Table 4.14. Mastitis Day was also 

not found to be a significant predictor for changes in the concentration of lactose in 

blood (p<0.31, df:3,28; F=1.2). The concentration of lactose in blood at follow-up was 

not significantly different from the lactose in blood from the “healthy” cohort (p<0.65, 

df:1,146; F=0.2).  

Lactose concentration in blood increased significantly according to the severity of 

breast symptoms experienced whereas no such association was found with severity of 

systemic symptoms suffered (Fig.4.28.). However, the concentration of lactose in blood, 

according to both severity of breast and systemic symptoms, parallel the changes 

occurring in the 24 hour excretion of lactose in urine. The estimated means (95% CI) 

and significance values from the mixed effects models for lactose excretion in urine and 

its concentration in blood are shown in Figures 4.27 and 4.28 . 
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Table  4.14  Clearance of lactose from the breast through urinary excretion by day of mastitis episode.  
*combined breast lactose (mmol/24 hour) calculated by adjusting for an average milk production of 750ml/24 hour  
N/A = no sample available. Serum lactose and mastitis breast milk sodium are included in the table for comparison 
Median (interquartile range) reported for all concentrations except for reference results from “healthy” breasts (mean + SD) 

Mastitis Day Lactose 
asymptomatic 

breast   
(mmol/l) 

Lactose    
mastitis breast 

(mmol/l) 

*Combined      
(rt and lt breast) 

lactose   
(mmol/24 hour)    

Decrease in   
milk lactose 

from the baseline  
(mmol/24 hour) 

Urinary     
lactose  

(mmol/24 hour) 

Percentage of 
urinary 

excretion from 
the  baseline/24 

hour 

Serum 
lactose 

(µmol/l) 

Mastitis  
breast      
sodium 

(mmol/l) 

Day 1  171 (155,185) 
(n=20) 

160 (146,178) 
(n=24) 

247    19 (7.1%) 7.5 (6.3,12.4)
(n=11) 

2.8% 70.6 (49,94)
(n=11) 

 23.5 (14,32) 
(n=24) 

Day 2  164 (150,180) 
(n=20) 

155 (148,175) 
(n=22) 

239 27 (10.1%) 7.1 (3.2,13)    
(n=9) 

2.7%  62.5 (38,76)
(n=11)  

18 (13,21) 
(n=22) 

Day 3  171 (157,191) 
(n=19), 

166 (145184) 
(n=19), 

253 13 (4.8%) 4.6 (3.9,6.7)   
(n=6) 

1.7%  58 (39,110)
(n=12) 

16 (12,23) 
(n=19) 

Day 4  172 (148,174) 
(n=11) 

165 (153, 187) 
(n=11) 

253 13 (4.8%) 2.8 (2.1,3.6)   
(n=3) 

0.8%  42.5 (12,83)
(n=5) 

14 (10,23) 
(n=11) 

Day 5  166 (125,184) 
(n=3) 

152 (144,164) 
(n=3) 

238 28 (10.5%) N/A N/A N/A 16 (9,20) 
(n=3) 

Follow up  183 (157,192) 
(n=19) 

160 (149,176) 
(n=19) 

257 9 (3.4%) 3.2 (2.6,4.1) 
(n=11) 

1.3%  61.2 (48,66)
(n=11) 

13 (9,15) 
(n=19) 

Day 30 
reference 

results from 
“healthy” 

cohort 

 

178 +18.8    
(right breast 

n=15) 

 

177+  18.2       
(left breast   

n=16) 

 

266     
(*combined 

mmol/24 hours) 

 

Baseline zero 

 

2.9  + 1.15         
(n=16) 

 

1.1% 

 

N/A 

 

12.6+ 2.3 
(n=31) 
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Figure 4.27. Estimated means (95%CI) from the mixed model analyses for the 24 

hour concentration of lactose in urine according to breast symptoms (a) 
(p<0.022; df:2,26; F=4.4) and systemic symptoms (b) (p<0.48; df:3,35; 
F=0.8) 
 
Results for “healthy” breasts (no mastitis), and the mastitis breast at 
follow-up (7 days post resolution of symptoms), are shown in the breast 
symptom graph. 
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Figure 4.28. Estimated means (95%CI) from the mixed model analyses for blood 

lactose according to breast symptoms (a) (p<0.034; df:2,32; F=3.8) and 
systemic symptoms (b) (p<0.32; df:3,39; F=1.2) 

 
Results for “healthy” breasts (no mastitis), and the mastitis breast at 
follow-up (7 days post resolution of symptoms), are shown in the breast 
symptom graph. 
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4.3.7. Milk composition as a predictor for mastitis 

Mixed model analyses showed that neither milk composition at Day 5 post partum nor 

at the reference sampling day prior to mastitis could predict mastitis occurrence. 

Statistics are shown in Table 4.15. 

 

 

 

Table 4.15.  Statistical analyses for milk components, at Day 5 post partum and the 
reference sample day prior to mastitis onset, predicting mastitis 
occurrence. 

Predicting Mastitis 

Statistical analysis 

 

 

Milk component Milk sample at            
Day 5 

Milk sample collected 
prior to mastitis 

sodium    
(mmol/l)  

p<0.94, df:1,24; F=0.005 p<0.83, df:1,19; F=0.04 

chloride   
(mmol/l) 

p<0.34, df:1,24; F=0.9 p<0.78, df:1,21; F=0.08 

serum albumin 
(g/l) 

p<0.27 df:1,33; F=1.2 p<0.42, df:1,28; F=0.67 

lactose    
(mmol/l) 

p<0.24, df:1,25; F=1.4 p<0.96, df:1,23; F=0.003 

glucose    
(mmol/l) 

p<0.69, df:1,27; F=0.16 p<0.63, df:1,21; F=0.24 

lactoferrin       
(g/l) 

p<0.70, df:1,33; F=0.15 p<0.84, df:1,21; F=0.04 

sIgA               
(g/l) 

p<0.79, df:1,25; F=0.07 p<0.56, df:1,18; F=0.3 

CRP            
(mg/l) 

p<0.19, df:1,3; F=2.9 Insufficient data 
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4.4. DISCUSSION  

In addition to the numerous non-inflammatory conditions described in Part I, the high-

risk sample recruited in this study, experienced a very high number of episodes of 

inflammation of the breast. Eighteen of the 26 mothers in the study, almost 70%, 

experienced some type of breast inflammation during the study period. There were 13 

episodes of blocked duct(s) experienced by seven mothers and 22 episodes of mastitis 

suffered by 14 mothers. Three mothers experienced episodes of both blocked duct(s) 

and mastitis. Although mastitis occurred in mothers up to Day 400 post partum, the 

highest proportion of women (n=10) experienced mastitis within the first three months 

post-partum with Day 49 being the median day of occurrence. The real incidence rate 

was higher, because at least one mother withdrew from the study prior to suffering 

further recurrent episodes of mastitis. The stage of lactation that women reported 

blocked duct(s) was similar to the time of occurrence of mastitis, with five of the seven 

women with blocked duct(s) experiencing symptoms prior to Day 90.  

 

4.4.1. Blocked Duct(s) 

Eleven of the 13 episodes of blocked duct(s) were accompanied by co-existing 

pathologies.  Three mothers experiencing only one episode each of blocked duct(s) also 

suffered with either nipple trauma (n=2) or perceived oversupply (n=1). Both of these 

conditions have been previously identified as predisposing factors for mastitis 

(Livingston and Stringer, 1999; Brodribb, 1997). Two mothers had diagnosed disorders: 

Hasimoto’s thyroiditis and IgA deficiency. The mother with IgA deficiency experienced 

seven of the 13 observed cases of blocked duct(s) while the mother with thyroiditis 

experienced recurrent mastitis late in her lactation, one episode of which was 

categorised as blocked duct(s). Only two of the mothers, suffering one episode each of 

blocked duct(s), had no co-existing pathologies. This suggests that the presence of 

either co-existing disorders or breast symptoms may increase the susceptibility of 

women to episodes of blocked duct(s). By definition episodes of blocked duct(s) were 

transient (<24 hour) and responded to the conservative management of increased 

breastfeeds and massage of the affected area. As M8 was atypical, because she had no 

detectable sIgA in her breastmilk, her data for blocked duct(s) has been presented 

separately. In the remaining sample, despite the observed inflammation of the breast, 

milk composition with the exception of lactose, remained within normal range. This is 
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of interest, particularly in regard to milk sodium, and supports observations made by 

Buescher and Hair (2001) who also found a normal Na/K even in the presence of 

observable breast inflammation and a raised TNF-α in milk. Even the concentrations of 

lactose in milk and its excretion in urine were within normal range, when the data were 

controlled for the co-existing breast symptoms of nipple trauma and oversupply. 

Although, the samples numbers are very low, the data available does suggest that where 

inflammation is transient, such as in episodes of blocked duct(s), significant changes in 

milk composition are unlikely. 

Examination of the data from M8 also supports this conclusion. Mother 8 experienced 

recurrent blocked duct(s) at Days 35, 36, 65, 68, 72, 114 and 133 post partum. Episodes 

were experienced in differing locations of both the right (n=4) and left breasts (n=3). 

The only obvious changes that occurred in her milk composition were during two of the 

seven episodes, at Day 36 and Day 133. During the Day 36 episode both the 

concentration of sodium and chloride in milk were raised compared to her normal 

values, but still did not exceed the mean from “healthy” breasts. Whereas the excretion 

of lactose in urine was increased the concentration of lactose in milk was within normal 

range. This could occur where there was a true blockage and only milk in front of the 

blockage was able to be expressed for analyses. The milk behind the blockage would be 

prevented from being expressed and the concentration of lactose in milk from this area 

of milk stasis would be expected to have decreased. During the Day 133 episode, the 

concentrations of sodium and chloride were again raised, this time in association with a 

decrease in the concentration of lactose and glucose. Unfortunately there were no data 

available on the excretion of lactose in urine. Despite the changes observed in two of 

the episodes the majority of episodes did not result in changes in milk composition.   

As reported in Part I (Fig. 3.10 to 3.17), the milk composition for M8, from the four 

reference sample collections at Day 14 to Day 90 post partum, remained within a 

narrow range of normal, with the exception of lactoferrin. The concentration of 

lactoferrin was very high in her left breast at Day 14 (15g/l) and remained generally 

slightly above the mean for “healthy” breasts for the remaining reference sample 

collections at Days 30, 60 and 90 post partum. This is of interest in relation to her IgA 

deficiency and subsequent lack of sIgA in her milk. Hahn-Zoric et al. (1997) found 

variable patterns of compensatory increases of IgG and IgM antibodies in the milk from 

three women with IgA deficiency. Although such analyses were not obtained for the 

milk from M8, her serum IgG and IgM were found to be at the higher end of the normal 
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range. It remains uncertain as to whether the absence of sIgA in her milk was a major 

contributing factor for her experiencing recurrent blocked duct(s). As sIgA is an anti-

adhesive molecule, a deficiency of this immunoglobulin might have increased the 

likelihood of bacterial adhesion within the breast causing local inflammation that was 

overcome with more frequent feeding and the increased flushing mechanism of milk.  

 

4.4.2. Bacteriology of Mastitis 

Bacteriology on the breastmilk of mothers with mastitis showed positive growth for 

pathogens in only two of the 13 episodes tested. S. aureus was cultured in both cases, 

one of which was penicillin resistant. This concurs with previous findings that S. aureus 

is the most common pathogenic bacteria involved in the onset of mastitis, with 

penicillin resistant bacteria composing a high proportion of cases (Matheson et al., 

1988). It is of interest that the single breast episode of S. aureus mastitis showed a high 

leucocyte count whereas there were no leucocytes in either sample of milk from the 

bilateral episode of penicillin resistant S. aureus mastitis. This supports findings by 

Abakada et al. (1994) who also found that leucocyte counts did not always correspond 

with elevated bacterial counts, contrary to previous research (Thomsen et al., 1983) that 

found leucocyte and bacterial counts increased proportionally with increasing severity 

of mastitis symptoms. Both infective episodes identified in the present study were 

experienced early in lactation (Day 6 and Day 21), the single breast episode being a 

recurrence in the same breast following an initial episode at Day 6, for which 

bacteriology was unavailable. This early occurrence indicates that both these episodes 

could have been related to nosocomial infection. The mother with bilateral mastitis 

went on to experience two further episodes of mastitis at Day 48, also a bilateral 

episode, and Day 82. Clinically, it would have been reasonable to assume that these 

recurrences were related to unresolved infection from the first episode, however neither 

cultured positive pathogenic bacteria.  

Although bilateral episodes are reported as uncommon, there was one other bilateral 

episode experienced in addition to those previously mentioned. However pathogenic 

bacteria were not isolated in the milk from either breast. Milk from the breasts in the 

non-infective episode contained high numbers of CNS and Strep. viridans. This mother 

then went on to suffer a recurrent episode, also positive to high numbers (105) of these 

mixed cultures. Strep. viridans was also present in both recurrent episodes following the 
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bilateral S. aureus mastitis, and in the milk from six of the remaining 11 episodes, 

including the other S. aureus episode. Strep. viridans are generally considered a normal 

commensal, most abundant in the human mouth and pharynx. Some of these organisms 

can cause brief low-grade bacteremias when they pass into the circulation, via injury to 

the gums. However they are generally cleared rapidly from the circulation as they do 

not possess protective devices against host defenses (Schaechter et al. 1989). The 

source of Strep. viridans in the breastmilk of these mothers could have been through 

hematogenous spread but it is most likely to have been through the nipple from the 

infant’s mouth. Matheson et al. (1988) found Strep. viridans was present in only 8% of 

milk samples from healthy donors, relatively low compared to its presence in eight of 

the 13 mastitis episodes cultured in the present study.  

Coagulase-negative staphylococci were isolated in all mastitis samples cultured in the 

present study in numbers ranging from 103 and 105 cfu/ml. The presence of CNS is 

generally disregarded as being either a contaminant from the skin or at least a normal 

occurrence in breastmilk with 86% of milk samples from healthy donors containing 

CNS (Matheson et al., 1988). These isolates were present in counts greater than 102 

cfu/ml, despite being midstream samples (Table 4.5). Additionally there were no 

organisms or bacteria cultured in milk from three of the asymptomatic contralateral 

breasts suggesting that the presence of these organisms in milk may not be related to 

contamination. Abakada et al. (1994) found that CNS appeared to have some 

pathogenicity in the breasts of mothers with mastitis, with S. epidermidis appearing to 

be the most virulent.  Pathogenic strains of CNS have been considered as possible 

causative factors in the occurrence of mastitis (Thomsen et al., 1985). It cannot be 

discounted that the presence of either CNS or Strep. viridans within the breast, 

especially when present in high numbers, may be the causative mechanism for what 

would normally be considered the  “non-infective” episodes of mastitis experienced by 

the women in this study. However to  appropriately determine the possible effects of 

bacterial contaminants in breastmilk upon the lactating breast further detailed research 

in this area is required. 

Previously, where breastmilk culture has been negative during mastitis there has been 

some doubt as to whether milk obtained for culture was representative of the affected 

area. However, the changes observed in milk composition combined with the excretion 

of lactose in the urine indicate that the milk expressed was representative of milk from 

the inflamed/infected area of the breast. 
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The duration of mastitis episodes observed from this sample ranged from one to five 

days. Breast inflammation was slightly more prolonged (2.2 ± 1.1 days ) than systemic 

illness (2 ± 1 day) and the severity of both breast and systemic symptoms was greatest 

at the commencement of the episode, decreasing with time. An inflamed segment of the 

breast was the most common presentation at the onset of mastitis, whereas type of 

systemic symptoms experienced by women were quite varied with approximately equal 

numbers suffering with either mild, acute or hyperacute symptoms. The severity of 

breast symptoms was not a significant predictor for severity of systemic symptoms 

suffered. Both mothers with S. aureus mastitis experienced hyperacute systemic 

symptoms at the onset of their episodes, however, both suffered very different breast 

symptoms. The mother with the single breast episode presented with whole breast 

inflammation whilst the mother with the bilateral mastitis experienced only localised 

transient erythema (<24 hour), however both her nipples were deeply fissured. 

 

4.4.3. Acute Phase Response During Mastitis 

C-reactive protein in the penicillin-resistant S. aureus (bilateral breast) episode at Day 6 

was observed to be much higher (145mg/l) than the non-penicillin resistant (single 

breast) episode at Day 21 (55mg/l). The mean for asymptomatic mothers at Day 5 was 

19mg/l, therefore the combination of the day of occurrence, bilateral involvement and 

penicillin resistance, may have contributed to the increased acute phase response 

observed. The highest mean concentration for CRP in blood was 77mg/l occurring on 

the second day of mastitis. This is substantially lower than the highest observed 

concentration of CRP in blood (316mg/l), experienced by a mother during a recurrent 

episode at Day 18. Bacteriology was unfortunately not available in either the initial or 

recurrent episode. This mother also experienced hyperacute symptoms at the onset of 

mastitis. Severity of symptoms was found to be a significant predictor for the 

concentration of CRP in blood with CRP increasing with the increasing severity of 

systemic symptoms experienced (Fig. 4.10 a). If CRP concentration in blood was 

discerning in regard to differentiating infective verses non-infective mastitis this 

predicitive model would have added weight to the proposition by Thomsen at al., 

(1984) that extreme systemic symptoms reflects bacterial involvement. However, 

Osterman and Rahm (2002) found there was no significant difference in the blood CRP 

of 25 women with positive cultivation of skin flora in their breastmilk and 16 women 
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whose breastmilk contained potentially pathogenic bacteria. As a result all that can be 

concluded is that increasing severity of systemic symptoms in mastitis predicts an 

increasing concentration of CRP in blood. Blood CRP also increased with increasing 

severity of breast symptoms, however, the differences between localised, segmental and 

inflammation of the whole breast were not predictive for changes in blood CRP. 

The concentrations of CRP in blood observed during mastitis (Fig. 4.9) were similar to 

those reported by Osterman and Rahm (2001) who reported the highest observed CRP 

at 280mg/l with a mean of 61.5 mg/l in 40 women presenting with mastitis. The slightly 

lower results obtained by Osterman and Rahm (2001) compared to my study may be 

due to the time of sampling. Although not stated, it is assumed samples were taken on 

the first day of mastitis presentation whereas the highest mean CRP observed in my 

study occurred on the second day of mastitis episodes. As the most acute symptoms 

were experienced during the first day of mastitis the delay in peak observed CRP is 

expected because the plasma level can double every 8 hours in the presence of 

continuing inflammatory stimulus (Young et al., 1991) 

Women who had recovered from systemic symptoms but breast symptoms had not yet 

resolved had a mean concentration of CRP in blood <10mg/l, which is considered 

normal. This rapid fall occurs due to the short half-life of CRP of 5-7 hours. This 

indicates that the presence of systemic symptoms in mastitis is a stronger predictor than 

breast inflammation for a raised concentration of CRP in blood.  

CRP in the breastmilk of women was measured for the first time in this study (Fig. 

4.11) although its presence in milk has been previously researched during mastitis in 

cows (Schrodl et al., 1995; Hamann, 1997). C-reactive protein in milk was generally 

below the level of detection in women without mastitis (<1mg/l). However, it was 

found to be increased significantly, both in the affected breast and the asymptomatic 

contralateral breast during mastitis, with no significant difference in concentration 

between breasts. The median concentration of CRP in milk increased with each 

subsequent day of mastitis and unlike CRP in blood, which decreased after Day 2, it 

was highest in women who still had breast symptoms on Day 4 and 5 of their mastitis 

episodes. Milk CRP in the mastitis breast was also observed to increase with increasing 

severity of breast symptoms, whereas there was no such relationship with severity of 

systemic symptoms. The range for CRP observed in breastmilk during mastitis was very 

low (below detection to 5.2mg/l) compared to blood (7 to 316mg/l). However the 
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concentration of CRP observed in breastmilk during mastitis is much higher than that 

described in cow’s milk (70 to150µg/l). This concentration of CRP would have been 

below the level of detection when using rate nephelometry, which was used in my 

study. The source of CRP in milk is unknown however the association between breast 

symptoms and concentration of CRP in milk would indicate there is either some local 

production or transfer of CRP to the site in a dose related response to severity of local 

inflammation. Although the presence of an increased CRP in milk from the 

asymptomatic breast suggests an additional systemic source there was no relationship 

observed between CRP in milk and the CRP in blood in the immediate post partum 

period that would support this proposal. Due to the absence of a relationship between 

CRP in blood and CRP in milk, and the size of this protein (118kDa), it appears that the 

source of CRP in milk is unlikely to be via the paracellular pathway. An explanation for 

the observed rise in milk CRP, particularly in the contralateral breast, is illusive, 

especially considering the other milk components measured in this breast were within 

normal range (Table 4.8). 

Increasing severity of breast symptoms did result in an increasing concentration of CRP 

in milk however as the range in concentration of CRP observed in milk was very 

narrow it was not a statistically significant predictive model. This, and its presence in 

the asymptomatic breast in similar concentrations to the mastitis breast, suggest it is of 

little use in making a differential diagnosis between infective verses non-infective forms 

of mastitis.   

 

4.4.4. Lactose Excretion As An Indicator For Increased Breast Permeability 

During Mastitis 

The excretion of lactose in urine over a 24 hour period was significantly higher during 

mastitis than in the “healthy” cohort, supporting the theory of increased breast 

permeability during inflammation. The severity of breast symptoms was a significant 

predictor for change in lactose excretion, with excretion increasing with the increasing 

severity of breast inflammation. The increasing permeability indicated by this predictive 

model is most likely explained by both damage to the epithelium and disruption of the 

tight junctions commensurate with an increasing area of inflammation of the breast. 

Calculating the percentage of lactose excreted from the breast is not possible as milk 

production was not measured. However when applying a model, where average milk 
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production was taken as 750ml/24 hour (Dewey et al., 1986) the percentage of lactose 

excretion in urine (1 to 3%) did not account for the calculated decrease in the amount of 

lactose in milk (5 to 11%). It was also observed that excretion of lactose in urine was 

highest at the commencement of mastitis decreasing towards normal after Day 3 of the 

episodes. This supports the finding that lactose excretion was highest during increased 

severity of symptoms suffered, as the more acute symptoms were experienced at the 

commencement of mastitis and lessened over time. There are limitations in assuming an 

average milk production especially as women often report a drop in their supply during 

mastitis and the milk production during each day of the mastitis episode is likely to be 

quite variable. However, this model serves to give some indication as to whether the 

decrease observed in milk lactose is entirely due to loss from the milk space into the 

interstitium. It would appear, using this model, that the major contribution to the 

decrease in the concentration of lactose in milk would be from the inhibition of lactose 

synthesis. The most likely cause of the decrease in lactose synthesis is the death and/or 

damage of the lactocytes during inflammation. However it is possible that the increased 

movement into the milk space from the blood could create an unfavourable osmotic 

gradient for lactose secretion. Since milk production is thought to be reduced during 

mastitis the decrease in lactose synthesis is probably much greater than indicated by the 

decrease in its concentration in milk. 

The concentration of lactose in blood was not shown to be significantly different in 

women with mastitis compared to women with “healthy” breasts (although changes in 

the concentration of lactose in blood paralleled those observed in urine). This indicates 

that single sample measurements of blood lactose do not have the same predictive value 

for mastitis that has been found for the 24 hour excretion of lactose in urine. An 

increasing severity of breast symptoms was a significant predictor for an increasing 

concentration of lactose in blood and urine, whereas the degree of severity of systemic 

symptoms did not predict changes in the concentrations of lactose in either blood or the 

excretion of lactose in urine. This suggests that the increasing area of inflammation of 

the breast indicated by an increase in the severity of breast symptoms has a direct 

relationship to an increase in breast permeability  

Return of the breast to normal functioning appeared to occur quickly following the 

initial increase in permeability. Although there was only a very small number of women 

(n=3) contributing 24 hour urine samples at Day 4 of their mastitis they were all within 

normal range. Although there was an increased variation about the mean, the urinary 
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excretion of lactose at follow-up after mastitis was normal, indicating breast 

permeability had returned to the normal lactating state. 

 

4.4.5. Changes In Milk Composition During Mastitis 

There were significant changes in the milk composition of the mastitis breast compared 

to both the asymptomatic contralateral breast and breasts from the “healthy” cohort. 

Changes observed were an increase in the concentrations of sodium, chloride and serum 

albumin and a decrease in lactose in the breasts affected by mastitis. The increase in 

sodium, chloride and serum albumin in milk supports the premise of increased 

permeability within the breast shown through increased excretion of lactose in urine 

(Section 4.4.4.).  

There were some extreme variations observed between mothers in the changes 

occurring in breastmilk during mastitis. These are reflected in the case presentations of 

M17 and M1. Changes in the milk composition of M17 were extreme, with a five-fold 

increase in the concentrations of sodium, chloride and serum albumin in milk and a 

halving of the normal concentration of lactose on the first day of the mastitis episode. 

Despite the extreme changes there was a comparatively rapid return back to the normal 

concentration of lactose over the next three days of the episode, as symptoms began to 

resolve. There was also a concurrent, but more gradual decline, in the concentration of 

sodium and chloride. Interestingly, glucose remained stable and normal throughout the 

course of the mastitis, even though changes in both the concentration of lactose in milk 

and the excretion of lactose in urine indicated a high degree of breast permeability. At 

follow-up, seven days post resolution of symptoms, there was a return to normal 

concentrations for all components except for serum albumin in milk and lactoferrin, 

which showed a delayed increase similar to that observed by Prentice et al. (1984).  

In comparison the changes seen in M1’s breastmilk were minor and transitory. The first 

breastmilk sample, collected within a few hours of onset of mastitis symptoms, showed 

a doubling of the concentration of sodium and chloride and an increase in the 

concentration of serum albumin in milk, however, all other components were within 

normal range. The next sample taken 14 hours later showed all components within 

normal range. There was a decrease in the concentration of lactose in milk on Day 3, 

which returned to normal within the following 24 hours. At the seven-day follow-up all 

breastmilk components were within the normal range. Despite the varying responses 
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observed in the composition of milk from these mothers their clinical histories were 

fairly similar. Neither mother’s milk had cultures positive for bacterial pathogens, and 

both experienced acute systemic symptoms and segmental breast inflammation. The 

duration of symptoms lasted three days in M17 and 4 days in M1. Both mothers had 

varying predisposing factors present for their mastitis. Mother 1 had nipple trauma 

caused by a bite from her baby in the days prior to the occurrence of her mastitis and 

M17 had perceived oversupply. However, the stage of lactation was different for the 

two mothers as M17 experienced her mastitis at eight weeks and M1 at six months post 

partum. Both were fully breastfeeding, although M1 had begun to introduce “tastes” of 

food to her baby. Therefore, the only factors observed that were different between the 

mothers were stage of lactation and the co-existing pathology.  

The changes in the milk composition observed in M17 (Table 4.10). may have been 

exacerbated by the presence of the co-existing pathology, perceived oversupply, which 

also results in a significantly increased concentration of sodium and chloride and a 

decreased concentration of lactose in milk (Table 3.10). Following this episode of 

mastitis M17 felt her supply returned to within normal limits saying “at least one good 

thing came out of having mastitis….I don’t have enough milk to feed the 

neighbourhood now…”. In addition to a normal supply the concentration of sodium, 

chloride and lactose also returned to normal as indicated in her follow-up analyses 

(Table 4.10). Although the concentrations of sodium, chloride and lactose had returned 

to normal at M17’s follow-up, the concentration of serum albumin in milk was still 

raised. Serum albumin seems to have been actively transported into the milk 

compartment as there were no other indicators for increased breast permeability present.  

Although the concentrations of glucose, lactoferrin and sIgA were not significantly 

different in the general mastitis/no mastitis model (Table 4.6), there were significant 

changes associated in these milk components with the more extreme breast and 

systemic symptoms (Fig. 24-26). Models examining the differences in type of breast 

inflammation and systemic symptoms, found inflammation of the whole breast and 

hyperacute systemic symptoms were both significant predictors for a decreased 

concentration of glucose in milk from the mastitis breast, whilst the concentration of 

lactose was also significantly decreased during acute systemic symptoms. As described 

in Part I (Section 3.4.5) the significant decrease in concentration of glucose during 

extreme symptoms indicates either an inhibition of glucose uptake into the cell or rapid 

depletion due to increased metabolism resulting from loss of lactose, or both. The 
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percentage of lactose excreted in urine did not account for the decrease in lactose 

concentration within the breast (Table 4.14). Therefore, it is concluded that in addition 

to loss of lactose through the paracellular pathway there was also a decrease in lactose 

synthesis as discussed in Section 4.4.4. This may be due to both the decrease in 

available glucose, especially during extreme symptoms, and damage or death of 

lactocytes due to inflammation. The significant decrease in the concentration of lactose 

during acute systemic symptoms rather than during hyperacute symptoms, as with 

glucose, may be explained by the timing of when these symptoms were experienced. 

Hyperacute symptoms were experienced at the onset of mastitis and resulted in a 

decrease in the concentrations of glucose and lactose in milk. As the episode progressed 

symptoms resolved from hyperacute through to acute and then to mild. The significant 

decrease in concentration of lactose in milk during acute symptoms may have resulted 

from delayed response to the initial drop in glucose combined with increased 

permeability of the paracellular pathway. Lactose began to recover to normal 

concentrations as the concentration of glucose increased and systemic symptoms began 

to resolve.  

The changes in the concentrations of defence components lactoferrin and sIgA in milk 

were not significant in the general mastitis/no mastitis model, however, both were 

increased in the presence of severe breast and systemic symptoms. There were 

significant changes in the concentrations of sIgA for both the breast symptoms and the 

systemic symptoms models. However, the changes were mostly varied and within a 

narrow range, except for a significant increase during hyperacute systemic symptoms. 

The concentration of lactoferrin was also increased in the same way, however, the 

model remained just outside the level of significance (p<0.055). This may partially 

explain the varied findings from different researchers in regards to lactoferrin during 

mastitis. Buescher and Hair (2001) did not find an increase in lactoferrin in milk during 

mastitis despite an increase in TNF-α concentrations. This is contrary to Semba et al. 

(1999) who reported an increase in lactoferrin concentrations in women with mastitis 

(1.23g/l) compared to women without mastitis (0.56g/l). Although there was a 

significant difference within the study sample the concentrations reported in women 

diagnosed with mastitis were not higher in the Semba et al., (1999) study than either the 

concentrations observed in the “healthy” cohort from my study (2.9g/l) or the pooled 

results from Jensen (1995) (1.65-1.94g/l) or results reported by Prentice et al. (1985) 
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from The Gambia (1.87g/l). The concentration of lactoferrin in milk appears highly 

variable suggesting it may not be a reliable marker for mastitis.  

Previous research has observed changes occurring in the contralateral asymptomatic 

breasts suggestive of subclinical inflammatory changes (Abakada, 1994). When 

controlled for stage of lactation and other co-existing pathologies there were no 

significant differences in the contralateral asymptomatic breast when compared to 

“healthy” breasts (Table 4.8). This suggests observations in previous studies may have 

been confounded by either of the two variables stage of lactation or co-existing 

pathologies. 

Breastmilk from the mastitis breast was analysed at follow-up, seven days after the 

resolution of symptoms, and it was found that there remained an increased 

concentration above the mean in all milk components measured except sodium and 

chloride. Mother 17 is an example where the concentrations of lactoferrin and serum 

albumin in milk were both elevated at follow-up despite a return to normal in the 

concentrations of sodium, chloride, and lactose. Prentice et al. (1985) also reported an 

elevated concentration of lactoferrin at one week from initial presentation supporting 

evidence that a delayed increase in lactoferrin occurs in some women following 

mastitis. The delayed increase in the concentration of lactoferrin may be related to the 

decrease in milk supply so often reported by women with mastitis. Despite the increase 

in variation, when controlled for stage of lactation and co-existing pathologies there 

were no significant differences in breastmilk composition at follow up when compared 

to “healthy” breasts (Table 4.9). This confirms that the breast affected by mastitis had in 

most cases made a rapid return to normal function and supports findings by Prentice et 

al. (1985) who also found no significant differences in the mastitis breast compared to 

the unaffected breast at follow-up of 5 weeks after initial presentation. 
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4.4.6. Milk Composition as a Predictor for Mastitis 

Milk composition has been found to be a predisposing factor for mastitis with a lower 

concentration of sIgA observed in the milk of women who developed mastitis in The 

Gambia. Milk composition in this present study was analysed at Day 5 and at the 

sample collected prior to the occurrence of mastitis. None of the milk components 

examined were found to be predictive for the occurrence of mastitis. Although no 

significant predictors in milk composition were identified for these women, it is of 

interest in the light of Prentice et al. (1985) findings that the mother with no sIgA in her 

milk suffered with recurrent episodes of transient localised breast inflammation. 

A model summarising the changes in milk composition during mastitis is shown in 

Figure 4.29. 
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Figure  4.29. Summary of the effects of mastitis on breast physiology
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5. GENERAL DISCUSSION  

The prospective design used in this study has enabled a detailed observation of 

breastfeeding women prior to, during, and following, their experience of mastitis. This 

is the first study of mastitis to examine the combination of breastfeeding history, 

medical history, a comprehensive description of symptoms experienced during mastitis, 

and an analysis of changes in milk composition before, during, and at follow up after, a 

mastitis episode. Recruiting breastfeeding women with known risk factors for mastitis, 

in particular women with a past history of mastitis and/or nipple trauma and attachment 

difficulties in the early post partum period, provided a very high incidence of mastitis 

and a wide range of symptoms. Subsequently, this proved an efficient strategy for the 

prospective observation of women who develop mastitis during lactation. This 

comprehensive approach has contributed new findings to our understanding of mastitis 

in addition to supporting previous research and stimulating new questions regarding the 

physiology of the breast during times of pathology. 

My findings clearly demonstrate that a mother’s health status, and in particular breast 

health, must be taken into consideration when establishing a normal range for 

breastmilk composition. The prospective observations made during the first three 

months post partum revealed there were a variety of influencing factors, such as a 

variation in establishment of lactogenesis II and a number of non-inflammatory breast 

conditions, that affect changes in the normal composition of milk.  

The variation from normal milk composition observed at Day 5 and Day 14 in some 

asymptomatic women was associated with what appeared to be a compositional delay in 

initiation of lactation. The markers sodium, chloride and lactose did not reach 

concentrations associated with established lactation, until after either Day 5 or Day 14. 

The marked increase in the concentrations of sodium and chloride and the decrease in 

concentration of lactose in the milk of these women were associated with; birth at or 

before 38 weeks gestation, caesarean birth and a concentration of CRP in blood above 

the normal mean for that time post partum. The mechanism affecting the delay in 

attaining normal milk composition in pre-term birth is not yet understood and requires 

further investigation. However it is important to note that despite the compositional 

delay observed there was no associated delay in milk “coming in” and no restriction on 

infant growth. The association of a higher than normal concentration of CRP in blood 

with the markers for delayed initiation adds weight to the possibility that the acute 
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phase response influenced, in some way, the delay in these markers reaching the normal 

concentrations associated with Lactogenesis II. 

Several non-inflammatory breast pathologies were identified during the prospective 

reference sample collections, and during mastitis, however when controlled for stage of 

lactation and any co-existing pathology, only nipple trauma, perceived oversupply and 

low supply showed a significant change in milk composition All three conditions 

showed an increase in the concentration of sodium, and a decrease in the concentration 

of lactose in breastmilk. In oversupply and low supply these changes were also 

associated with an increase in breast permeability evidenced by a significant increase in 

the 24 hour excretion of lactose in urine. Other non-inflammatory breast conditions, 

thrush and vasospasm, also showed changes in milk composition however these 

changes were not statistically significant. Examination of these conditions utilising 

rigorous operation definitions and a large sample, with consecutive sampling over the 

period of the condition, is required to elucidate whether these changes may also be of 

significance.  

The relationship observed between changes in milk composition and the various non-

inflammatory breast pathologies identified has significant implications for the use of the 

term subclinical mastitis. The term subclinical mastitis has been applied in situations 

where mothers present with a raised concentration of sodium in milk, however, this 

application may hide a host of undefined causative factors. A better understanding of 

how various breast and systemic pathologies effect milk composition will be gained if a 

possible causative association for the raised concentration of sodium in breastmilk is 

investigated and defined rather than assigning it to the all inclusive umbrella of sub-

clinical mastitis 

Recruiting women who presented with known risk factors for mastitis provided a very 

accurate prediction of mothers who would develop mastitis, with an incidence rate of 

54% of women in the study cohort developing at least one episode of mastitis and 70% 

of mothers experiencing some type of breast inflammation. This demonstrates the 

importance of counselling mothers with known risk factors for mastitis in strategies that 

can be undertaken to prevent this significant problem 

I investigated the application of three new parameters to measure the changes induced 

in the lactating breast by mastitis. These were the excretion of lactose in urine, the 

concentration of lactose in blood and the concentration of CRP in milk. The change in 
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excretion rates of lactose in urine, measured over a 24 hour period, has previously been 

shown to reflect the closure of the paracellular pathway during lactogenesis II. (Arthur 

et al., 1999; Cox et al., 1999). This was also shown in my study, where the 

concentration of lactose in blood and its excretion in urine decreased in the first two 

weeks post partum as the concentration of lactose in milk increased and sodium and 

chloride decreased. Subsequently the 24 hour excretion of lactose in urine provided a 

useful measure of verifying whether the changes observed in milk composition during 

mastitis, and at other times during lactation, where likely to be as a result of increased 

permeability of the paracellular pathway. Although the concentration of lactose in blood 

always parallelled the changes observed in urine, and the changes in concentrations of 

lactose in blood and that in urine where closely correlated during mastitis, it was not a 

significant predictor for the presence of mastitis. Therefore the 24 hour secretion of 

lactose in urine was accepted as a reliable indicator of increased permeability of the 

paracellular pathway in preference to a single sample measuring the concentration of 

lactose in blood. The changes in lactose in urine were generally consistent with the 

changes in sodium, chloride and lactose in milk confirming milk expressed for sample 

analysis was representative of milk from the site of the inflammation. However, in one 

episode of blocked duct(s), where the concentrations of sodium, chloride and lactose in 

milk remained within normal range in the presence of an increased excretion of lactose 

in the urine, sampling could not be assured to have been from the affected site. 

The third new parameter, CRP in milk, was not detected in asymptomatic women and 

although the concentration of CRP was significantly increased in milk from both the 

mastitis and the unaffected breast, changes in milk did not parallel those seen in blood. 

The concentration of CRP found in the milk from breasts of women with mastitis was 

much lower (1/60) than that observed in blood, however, still considerably higher than 

that detected in cows milk (1-5mg/l compared to 50 – 170 µg/l, respectively). The 

presence of CRP in the milk from both the mastitis and the contralateral asymptomatic 

breast indicate active transport of CRP into the milk compartment, or de novo synthesis. 

This is because permeability appeared normal in the unaffected breast during mastitis 

and there was no observed relationship between the concentrations of CRP in milk and 

in blood either during mastitis or in the immediate post partum period.  

Examination of changes in milk composition occurring over the duration of the mastitis, 

in relation to the types of symptoms experienced, showed that the duration of breast 

inflammation and presence of systemic symptoms predicted whether changes in milk 
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composition would occur. Where breast inflammation was localised and lasted less than 

24 hours (defined as blocked duct(s)) significant change in milk composition was 

unlikely to occur, however, if breast inflammation lasted longer than 24 hours and was 

accompanied by systemic symptoms (defined as mastitis) there where significant 

changes in sodium, chloride, lactose and serum albumin in milk when compared to the 

contralateral asymptomatic breast. The apparent transitory nature and lack of change in 

milk composition during blocked duct(s) is reassuring, particularly as blocked duct(s) 

are a very commonly reported problem amongst breastfeeding women. During the 

period January to November 2003, 77 women out of 494, seeking assistance at the King 

Edward Memorial Hospital’s Breastfeeding Centre, in Perth, presented with blocked 

duct(s) (personal communication, Diana Langton, 7th December, 2003). This is 

significantly more than other problems such as mastitis (23 women) and breast 

engorgement (22 women). 

This study’s findings, in regard to changes in milk composition during mastitis, support 

the findings from previous studies. The presence of mastitis predicted a significant 

increase in the concentrations of sodium, chloride and serum albumin and a decrease in 

lactose in the milk from the affected breast. The 24  hour excretion of lactose in urine 

was also significantly increased confirming that changes were likely to have occurred as 

a result of an increase in the permeability of the paracellular pathway. However, as 

these changes in milk composition may also be seen in the presence of other pathologies 

it is essential that they are not evaluated in isolation and the presence of clinical 

symptoms must be verified in order to confirm that the changes occurred as a result of 

mastitis. Also, despite the acute illness and degree of breast inflammation associated 

with mastitis, it is remarkable to find, that the changes observed in milk composition are 

only temporary and recovery of the breast to its normal state is achieved, in most cases, 

within one week of the resolution of mastitis symptoms. 

Contrary to the hypothesis proposed at the commencement of this study the severity of 

symptoms suffered during mastitis did not always predict the changes observed in milk 

composition. Although there were increasing concentrations of sodium, chloride and 

serum albumin observed in milk with increasing severity of, in particular, breast 

symptoms, the model differentiating between the degree of severity of inflammation 

was not significantly predictive. However, where there was either inflammation of the 

whole breast and/or hyperacute systemic symptoms, there were significant changes in 

the concentrations of glucose and sIgA in milk and where there were acute systemic 
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symptoms there was a significant decrease in lactose. The significant decrease in the 

concentration of glucose appears to have negatively impacted on lactose synthesis, 

contributing to an already substantial drop in lactose concentration caused by loss 

through the paracellular pathway. As the percentage of lactose excreted in urine did not 

account for the total decrease in the amount of lactose in milk over a 24 hour period it 

was concluded that there was also a decrease in lactose synthesis The changes in sIgA, 

although significant, were within a narrow range and do not appear to have clinical 

relevance. The case where the mother with IgA deficiency experienced repeated 

episodes of blocked duct(s) certainly suggests that absence of sIgA in milk increases 

susceptibility of the breast to inflammation. This finding is similar to that by Prentice et 

al. (1985) who found women who developed mastitis had lower levels of sIgA in their 

milk than the normal population. 

Only two of the 13 episodes of mastitis that were tested had breastmilk cultures from 

the mastitis breast(s) positive for the growth of pathogenic bacteria. The concentration 

of CRP in blood was variable in these two cases with the concentration in the penicillin-

resistant S. aureus episode being much higher (145mg/l) than the concentration of the 

non-penicillin resistant episode (55mg/l) and the mean for the non-infective episodes of 

mastitis (68+51mg/l). Although the severity of systemic symptoms was predictive for 

an increasing concentration of CRP in blood, and blood CRP was normal once systemic 

symptoms had resolved, it would appear, in the light of Osterman and Rahm’s (2002) 

findings, that blood CRP has no clinical value in the possible prediction of infective 

verses non-infective mastitis. Likewise with the concentration of CRP in milk, its 

presence in both the affected and unaffected breast negates its ability to predict mastitis.  

Coagulase–negative staphylococci and Strep. viridans were isolated in milk from both 

asymptomatic contralateral breasts and mastitis breasts in the remaining women without 

pathogenic bacteria. In three women there were no organisms observed in milk from the 

asymptomatic breast.  There was often a higher count (103 to 105 cfu) of Strep. viridans 

and CNS present in the milk from affected breasts which may suggest that further 

research should be undertaken examining whether, what is generally considered normal 

flora, might contain pathogenic strains capable of inducing inflammation within the 

breast. Previously, where breastmilk culture has been negative during mastitis there has 

been some doubt as to whether milk obtained for culture was representative of the 

affected area. However, the changes observed in milk composition combined with the 
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excretion of lactose in the urine indicate that the milk expressed was representative of 

milk from the inflamed/infected area of the breast 

This study has identified several inconsistencies in the observed changes in milk 

composition during initiation of lactogenesis II, mastitis, perceived oversupply and low 

supply that are not explained by an increase in permeability of the paracellular pathway. 

The concentrations of serum albumin and glucose in milk do not conform to the 

increased permeability of the paracellular pathway breast model during mastitis. The 

concentration of serum albumin in milk was observed to be raised during a time when 

sodium and lactose had returned to normal (Table 4.10). Also the concentration of 

glucose in breastmilk remained low at lactogenesis II and stable during mastitis despite 

very extreme changes in the concentrations of sodium, chloride and lactose. This raises 

many questions regarding the biological structure of the tight junctions within the breast 

and changes that might occur in response to pathology. It appears it cannot be assumed 

that the passage of serum albumin into milk during inflammation is via the paracellular 

pathway.  

The additional knowledge contributed by the study of tight junctions in other organs 

(Brown, 2000) and in the non-lactating breast (Sukumar and Kominsky, 2003) indicates 

further investigation of this area is required, particularly as applied to the lactating 

mammary gland. The discovery of claudins and their role in creating charge-selective 

channels in the paracellular space in kidney epithelial cells (Colegio et al., 2002) may 

begin to explain some of the selectivity of the changes seen in milk composition during 

conditions affecting breast permeability. Colegio et al. (2002) suggest that either 

physiological or pathological alterations in claudins are expected to have a significant 

impact on epithelial barrier properties. There have been several human diseases that are 

believed to be caused by claudin-mediated alteration of the tight junctions (Heiskala et 

al., 2001). Of particular interest is that claudins 1,3,4, and 7 are differentially expressed 

in breast cancer relative to normal breast tissue (Kominsky et al., 2003). It appears tight 

junctions in the lactating breast may be significantly more complex than previously 

described and require further elucidation before changes in milk composition, mediated 

by disruption of the tight junctions, can be fully explained. 

In conclusion, this study has identified that changes in milk composition may be 

influenced by many varying factors including inflammatory and non-inflammatory 

conditions of the breast, delay in lactogenesis II, and a heightened acute phase response. 
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This indicates that the importance of identifying mothers whose health status is 

compromised in any way and excluding them from measurements of normal milk 

composition. Where either general health or breast/breastfeeding issues are identified it 

is important to examine these variables in relation to any changes observed in milk 

composition to further our knowledge of the physiological and pathological responses 

in the breast. The use of 24 hour excretion of lactose in urine has provided a reliable 

marker of changes occurring in breast permeability. The changes observed in milk 

composition during periods of increased breast permeability cannot be solely explained 

by the current theory of permeability of the paracellular pathway and further research in 

this area is required. 
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Appendix A 
 

BIOLOGICAL DETERMINANTS AND PHYSIOLOGICAL INDICATORS FOR  

MASTITIS IN LACTATING WOMEN 

 

CONSENT FORM 

 I_____________________________________________ (the participant) 

 (Please print full name) 

 of____________________________________________ 

 (Address) 

 Phone number________________________________ 

have read the accompanying information sheet concerning the study and any 
questions I have asked have been answered to my satisfaction. I understand the 
nature and intent of the study and agree to participate in this activity realising that 
my participation is voluntary, so that I am free at any time to withdraw consent to 
further participation, without prejudice in any way. In such cases, my records will 
be destroyed, unless I have otherwise agreed for them to be used.  

I understand that all information provided is treated as strictly confidential and 
will not be released by the investigator unless required to by law. 

I agree that research data gathered for the study may be published 
provided my name or other identifying information is not used. 

 

Signed_________________________________ Date________ 

 

Witness________________________________ Date________ 
 

The Committee for Human Rights at the University of Western Australia requires that all 
participants are informed that, if they have any complaint regarding the manner, in which 
a research project is conducted, it may be given to the researcher or, alternatively to the 
Secretary, Committee for Human Rights, Registrar’s Office, University of Western 
Australia, Nedlands, WA 6907 (telephone number 9380-3703). All study participants will 
be provided with a copy of the Information Sheet and Consent Form for their personal 
records. 

"Your participation in this study does not prejudice any right to compensation, which you 
may have under statute or common law." 
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APPENDIX A 
BIOLOGICAL DETERMINANTS AND PHYSIOLOGICAL INDICATORS 

FOR MASTITIS IN LACTATING WOMEN  

INFORMATION SHEET 

RESEARCHER:  Catherine Fetherston 
PHONE:                

 I am a registered midwife and lactation consultant undertaking research for the 

degree of Doctor of Philosophy in the Department of Biochemistry at The University of 

Western Australia under the supervision of Professor Peter Hartmann. The purpose of my 

study is to investigate the factors associated with the development of mastitis in lactating 

women. The knowledge gained from this study will enable a better understanding of the 

causes of mastitis and its affects on the breast and assist in better prevention and 

treatment of mastitis in breastfeeding women.  

ABOUT MASTITIS 

 Mastitis is an inflammation of the breast often accompanied by a flu like illness 

and is a significant problem among breastfeeding women. Approximately one quarter of 

breastfeeding women will develop mastitis in the first three months post partum. The 

causes of mastitis may be related to an infection or to an inflammatory condition caused 

by engorgement or blocked ducts. Diagnosis of the cause of the mastitis can sometimes 

be difficult as often the symptoms suffered by mothers with non infective forms of 

mastitis are similar, or the same as, those with infective mastitis. This can sometimes 

present difficulties in deciding the best treatment for the mastitis and the most appropriate 

prevention of further episodes. This study aims to investigate changes that occur in 

breastmilk, blood and urine during an episode of inflammation of the breast.  

WHAT DOES THE STUDY REQUIRE? 

If you consent to participate in this study, samples of your breastmilk, blood and urine 

will be used for microbiological and biochemical analyses. A series of samples will be 

taken as it is important to be able to compare the normal values in your breastmilk, blood 

and urine with those values that would be obtained should you develop mastitis at any 

time whilst breastfeeding this baby. 

I shall collect samples of breastmilk and blood from all women participating in the study 

on Day 5 after birth and at 2, 4, 8 and 12 weeks. At these collection times it is also 

requested that you collect a specimen each time you pass urine for a period of 24 hours. A 

subgroup of ten women participating in the study will be sought to provide extra samples 

of milk and urine in the first five days following birth. 

Should you develop any symptoms of mastitis during the first 6 months after birth you are 

requested to contact me and I will visit you at your home. A tick sheet will be provided to 
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assist you to record the symptoms you suffer throughout the mastitis episode. Breastmilk, 

blood and urine samples would also be collected at this time and daily as long as 

symptoms persist. If you have symptoms of clinical mastitis a breastmilk sample will go 

off immediately for microbiological culture of bacteria. A copy of any positive result will 

be given to you for you to discuss with your medical practitioner. However any other 

results would not be available as blood, milk and breastmilk samples for biochemical 

analyses would be frozen so analyses could be conducted at a later date. 

If your case of mastitis is unusual or extreme you may be requested to give permission for 

photographs to be taken of the breast(s) affected. If you consent, photographs will be 

taken in such a way that no identifying characteristics will be included.  

Samples would be repeated one week after your symptoms had resolved at which time 

you would also be requested to complete a questionnaire concerning relevant 

breastfeeding, social and medical history in the week leading up to your mastitis. 

WHO IS ELIGBLE TO PARTICIPATE? 

Mothers who deliver at XXXXXX Hospital will be invited to join the study however any 

breastfeeding mother, over the age of eighteen, who is within the first six months after 

delivery and who expresses interest may also join the study. 

POTENTIAL RISKS 

To minimise inconvenience associated with the taking of samples I will visit at a time 

convenient to you. Should the requirements of the study become too inconvenient, or for 

any other reason, you are free to withdraw from, or limit your participation in the study, 

at any time. I am trained in techniques of taking blood and collecting breastmilk and it is 

not anticipated that there are any risks associated with your participation in this study. 

However, sometimes there can be slight bruising associated with the collection of blood 

samples. 
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WHEN TO CONTACT THE RESEARCHER 

Please contact me if you have any of the following symptoms: 

Blocked Ducts: If you have a red and sore area of the breast that does not resolve over a 

period of either 12 hours or three breast feeds (whichever comes first) 

OR 

Engorgement: If you experience a sudden increase in the fullness of the breast that does 

not resolve over a period of either 12 hours or three breastfeeds (whichever comes first) 

and is characterised by severe discomfort, stretching and flattening of the nipple and the 

inability to compress the breast tissue more than 2-3mm with your finger 

OR 

Clinical Mastitis: If you develop a red painful area of the breast accompanied by a high 

temperature and either flu like aching or chills/shivers 

OR 

If you have any questions or concerns related to your participation in this study 
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APPENDIX B 
UNIVERSITY OF WESTERN AUSTRALIA 

BIOCEMISTRY DEPARTMENT 
24 HOUR URINE COLLECTION 

Mother’s Code _____________________________ 
Baby’s date of birth _________________________ 
Week of lactation ___________________________ 
INSTRUCTIONS 
• The first urine passed in the morning when you get up should be 

discarded and the time noted. This is the beginning of the 
collection. 

• Each time you go to the toilet pass urine into the beaker provided. Then measure the 
volume in the volumetric flask.  

• A 5ml sample of the urine should be transferred into the white topped sample bottle. 
• The remaining urine should be discarded into the toilet. 
• Record in the table below the date, time and volume passed.  
• Label the bottle with your code number and the number corresponding to the 

volume recorded (eg. 1, 2, or 3 etc) 
• Rinse the beaker and flask out with water and allow to dry before your next urine 

measurement.  
• Urine samples should be stored in the fridge or freezer as soon as possible after 

collection  
• Pass your last urine sample as close as possible to the time the collection started on 

the previous day. 
• If you are collecting milk samples these should be collected within the urine 

collection period. 
 
TIME COMMENCED _________________ (discard this urine) 

Number of sample Date Time Volume of urine measured 
1    
2    

3    
4    
5    

6    
7    
8    
9    
10    
11    
12    
13    
14    
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APPENDIX C 

RECORD OF MASTITIS EPISODE                                                                  ID CODE 
PLEASE PLACE A TICK (  ) IF SYMPTOMS ARE PRESENT FOR EACH HOUR OF THE DAY                                  
AND A CROSS (X) IF NOT PRESENT 
IF POSSIBLE PLEASE RECORD TEMPERATURE APPROXIMATELY EVERY FOUR HOURS WHILE AWAKE 
 
DATE:  1 am 2 am 

  
3 am 
 

4 am 
 

5 am 
 

6 am 
 

7 am 8 am 9 am 10am 11am 12md 

Temperature             
Flu-like aching             
Chills/shivering             
Confined to bed             
Painful breast             
Red breast             
Antibiotics             
Painkillers             
Breastfeed             
Milk Sample             
 
 
DATE: 1 pm 2 pm  3 pm 

 
4 pm 5 pm 6 pm 7 pm 8 pm 9 pm 10pm 11pm 12mn 

Temperature             
Flu-like aching             
Chills/shivering             
Confined to bed             
Painful breast             
Red breast             
Antibiotics             
Painkillers             
Breastfeed             
Milk Sample             
ANTIBIOTICS(type)     ANALGESICS(type) 
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OTHER MEDICATIONS TAKEN: 
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Appendix D 
Characteristics of the sample 
 
Mother Age 

(yrs) 
Parity 
Gestation 
(w) 

Birth type Time of First 
breastfeed 

Relevant 
History 

Relevant 
Research Events  

M1 37 MP 
40+2

Induction 
(ARM/Synto) 
SVD 

60mins Blocked 
ducts and 
mastitis with 
previous 
lactation 

Persistent/ 
recurrent 
cracked nipples  
Blocked ducts x 
1 
Mastitis x 1 

M2 32 PP 40+1 NELUSC for FTP 60mins GDM Mastitis x 2 
M3 27 MP     

38+5
NELUSC for FD 
(TOS) 

3hrs 33 mins 
(isolette) 

Mastitis with 
previous 2 
lactations 

Mastitis x 2 

M4 29 PP          
41+4

Vac 50 mins Nil sig Persistent  and 
recurrent 
cracked nipples, 
blocked ducts x 
1, mastitis x 2, 
thrush in breast 
PND 

M5 35 MP           
38 

ELUSC for 
previous 

60 mins Nil sig nil 

M6 29  MP         
39+2

Augment 
(ARM/Synto) 
SVD 

48 mins Mastitis with 
previous 
lactation 

Mastitis x1 

M7 33 PP            
38 

Ind following 
SROM(NL) SVD 

78 mins Nil sig Thrush in breast 

M8 33 PP             
41+2

NELUSC for 
FTP/MSL 

90 mins Nil sig Blocked ducts x 
6 

M9 30 MP         
39+3

SVD 70 mins Recurrent 
mastitis with 
previous 
lactation 

Thrush in breast 

M10 35 PP            
39 

ELUSC for back 
pain 

67 mins Nil sig Thrush in breast 

M11 29 PP          
38+6

Vac MSL 8hrs 50mins 
(isolette) 

Nil sig Cracked nipples 
mastitis x 1 

M12 32 MP   37 SVD 45 mins Nil sig vasospasm 
M13 30 PP            

36 
ELUSC for 
breech 

Isolette 
SKS@  10 
hours, 1st BF 
Day 4 

Nil sig Blocked ducts x 
1 

M14 37 PP IVF  
40+4

NELUSC for FTP 50 mins Nil sig Mastitis x 1 
oversupply 

M15 34 MP            
38 

Prostins Ind (big 
baby) SVD 

2 hours 50 
mins 

Mastitis with 
prev lact 

Mastitis x 1 

M16 25 MP    
37+6

ELUSC for 
breech 

80 mins Recurrent 
mastitis with 
previous 
lactation 

nil 

M17 32 PP 
39 

NELUSC for deep 
transverse arrest 

80 mins Fibrocystic 
disease (left 
breast worse) 

Mastitis x 1 
oversupply 

M18  MP    38+6 SVD  5 hours nil Blocked duct x 1 
M19 32 PP  Vac 90 mins nil Low supply 

(FTT) 
M20 33 MP    

39 
SVD 85 mins mastitis with 

previous 
lactation. 
Ductal ectasia 
post lactation 
 
 

Mastitis x 2 
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M21 39 MP 
38+2

ELUSC for 
previous 

40 mins Hashimoto’s   
thyroiditis 
recurrent 
mastitis with 
previous 2 
lactations 

Blocked ducts x 
1 mastitis x 4 

M22 33 PP          
38+1

ELUSC 120mins  GDM, 
originally 
twin 
pregnancy.2nd 
twin lost at 
10w 

Blocked ducts x 
1 oversupply 
 

M23 32 PP            
39 

NELUSC for 
failed Vac (OP) 

120mins Nil sig nil 

M24 19 Primip          
38 

NELUSC for 
persistent OP, no 
descent 

58 mins Nil sig Perisitent 
cracked nipples 
Mastitis x1 
 
 

M25 29 MP……… 
39+2

SVD 80mins Mastitis with 
previous lact. 

Persistent 
cracked nipples 
Persistent thrush 
mastitis x1 

M26 28 PP            
38 

ELUSC for 
chronic back pain 
(old injury)  

80 mins Chronic back 
pain 

Cracked nipples  
Blocked ductsx1 
Mastitis x 3 

 
SVD = Spontaneous vaginal delivery 
ELUSC = elective lower uterine section caesarean 
NELUSC = non elective 
SROM(NL) = spontaneous rupture of membranes  (no labour) 
FTP = failure to progress 
FD = foetal distress 
MSL = meconium stained liquor 
TOS = trial of scar following previous LUSC 
ARM = artificial rupture of membranes 
Synto = Syntocinon 
Vac = vacuum  extraction of infant 
IVF = in-vitro fertilisation 
OP = occipito-posterior  position of infant 
GDM = gestational diabetes mellitis 
Isolette = baby placed in isolette for special care following birth 
Prostins Ind = induction of labour using prostaglandin gel 
SKS = skin to skin 
PP = primipara 
MP = multipara 
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APPENDIX E 
Breast pathologies identified according to mother, breast (lt or rt) and time post partum  
Mother Cracked 

Nipple(s) 
Blocked 
duct(s) 

Mastitis Thrush in 
the breast 

Vasospasm 
of nipple 

Oversupply Low 
supply 

(FTT) 
M1 Day 5-15 (lt) 

Day 21-140 
(Rt) 
Day 196 (lt) 

 
Day 21 (rt) Day 200(lt) 

    

M2   Day 6 (lt) 
Day 21(lt) 

    

M3   
Day 6 (NI)* 
Day 18 (rt) 

    

M4 Day 5-90 (rt) Day 60 (rt) Day 126(rt) 
Day 180(rt) 

Day 30(rt)    

M5        
M6   Day 13 (rt)     
M7    Day 14-30 

(lt) 
   

M8  6 Recurrent 
episodes 
(day 35 thru 
to 133) 

     

M9    Day 60 (lt)    
M10    Day 14 

(ltandrt) 
   

M11 Day 5 (lt)  Day 20 (lt)     
M12     Day 14-60   
M13  Day 30 (rt)      
M14   Day 28 (lt)   Day 5-60  
M15   Day 30 (lt)     
M16        
M17   Day 60 (rt)   Day 5-70  
M18  Day 90 (rt)      
M19       Day 5-21 
M20   Day 4 

(ltandrt) 
Day 30 (rt) 

    

M21  Day 310 (rt) 
 

Day 280(lt) 
Day 320(lt) 
Day 340 (rt) 
Day 400(rt) 

    

M22  Day 14 (lt)    Day 5-30  
M23        
M24   Day 5 (rt)     
M25 Day 21-30 (rt)  Day  160 (rt) Day 30-170    
M26 Day 6 (rt and 

lt) 
Day 81 (lt) 
White spot 

Day 6 
(rtandlt) 
Day 48 (lt) 
Day 82 (rt) 

    

TOTAL  5 (7) 7 (13) 14(22+1*) 5 1 3 1 

  
*NI = no samples collected as not recruited into the study until 2nd episode (not included in total 
episodes) 
Mother 17 went on to develop 3 further episodes of mastitis before 6 months post partum but 
did not wish to provide further samples due to the extra stress involved. Also, of interest, this 
mother contacted the researcher in the subsequent lactation (2002) after the birth of her second 
child to inform her that she had suffered 2 mastitis episodes in the first eight weeks post partum 
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