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Abstract

Background—Heat-treated expressed breastmilk is recommended by WHO as an option to reduce
vertical HIV transmission in resource poor regions. Flash-heat (FH) is a low technology
pasteurization method developed for home use, but its effect on quantity and quality of breastmilk
immunoglobulins is unknown.

Objective—To evaluate FH's effect on breastmilk immunoglobulin levels and antigen binding
capacity.

Design/Methods—Fifty HIV+ mothers in South Africa provided breastmilk. Part of each sample
served as an unheated (UH) control; the remainder was Flash-heated. Total and antigen-specific IgA
and 1gG were measured by ELISA. Paired t-test was performed on log transformed data.

Results—FH significantly decreased total IgA and 1gG concentrations [geometric mean (geometric
sd) 318.0 (1.9) vs. 398.2 (1.9) mcg/mL and 89.1 (2.7) vs. 133.3 (2.5) mcg/mL, p<0.001 each]. Similar
decreases in anti-HIV-1 gp120 1gG, anti-pneumococcal polysaccharide and anti-poliovirus IgA
occurred (p<0.001 each). Although the latter was most affected, FH retained 66% of the antigen
binding ability. In contrast, binding capacity of IgA and 1gG to influenza increased after FH (p=0.029
and 0.025 respectively).

Conclusions—Muost breastmilk immunoglobulin activity survives FH, suggesting Flash-heated
breastmilk is immunologically superior to breastmilk substitutes. Clinical significance of this
decreased immunoglobulin activity needs evaluation in prospective trials.

Introduction

Prolonged breastfeeding accounts for up to 40% of maternal to child transmission (MTCT) of
HIV in resource poor regions of the world. [1] Multiple studies, however, document that HIV-
free infant survival is not improved in many of these areas by use of breastmilk substitutes.
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[2-5] When infants are not breastfed in these regions an increase in malnutrition [6,7] and
morbidity and mortality from diarrhea [8-10] result. Accordingly, ways to decrease MTCT
during breastfeeding could potentially improve HIV-free child survival.

The World Health Organization recommends pasteurization of breastmilk as a modification to
breastfeeding in this setting. [11,12] We have previously described a low ‘tech” method of
pasteurization, Flash-heat, which mothers can use in their homes, and documented that this
method can successfully inactivate cell-free HIV in naturally infected human milk [13] as well
as in high-titer “‘spiked’ breastmilk. [14] Before subjecting this novel pasteurization method to
clinical trial, it was necessary to ascertain the effect on breastmilk immunoglobulins in order
to ensure the milk would continue to offer passive immunoprotection.

Flash-heat was designed to mimic commercial flash-pasteurization, a high-temperature, short-
time (HTST) pasteurization method. As a general principal, HTST methods more effectively
kill micro-organisms while better preserving nutritional food value when compared to low-
temperature, long-time pasteurization (LTLT) methods. [15-17]

Effects of LTLT methods on IgA and IgG in milk have been extensively studied, [18-20] but
minimal work has examined effects of HTST methods on breastmilk immunoglobulins. [21]
Furthermore, Flash-heat raises and lowers the milk's temperature more slowly than does its
high ‘tech’ counterpart, which rapidly heats liquid to 72°C for 15 seconds, and therefore can
potentially cause greater harm. The objective of this study was to evaluate the effects of Flash-
heat treatment on concentrations of breastmilk IgA and 1gG and on their binding capacity to
selected relevant microbial antigens.

Fifty breastmilk samples were collected from HIV-infected women in Durban, South Africa
between October-December, 2004. Clinical and demographic characteristics of these women
and breastmilk collection procedures have been previously described. [22] Briefly, mean [sd
(range)] maternal age was 25.9 [4.9 (19-40)] years, body mass index was 27.5 [4.3 (20.0-37.5)]
kg/m2, and CD4+ cell count was 527 [255 (27-1173)]; mean infant age was 15 [11 (6-68)]
weeks.

After aliquotting an unheated control, the remainder of the fresh milk was Flash-heated in the
laboratory under conditions designed to mimic those in the field. Briefly, 50 mL of milk was
placed in an uncovered 16-0z (455 mL) glass food jar which was then placed in 450 mL of
water ina 1:1 Hart brand 1 quart aluminum pan. The water and milk were heated together over
a butane stove burner, used to imitate the intense heat of a fire, until the water reached 100°C
and was at a rolling boil. The jar of breastmilk was then immediately removed from the water
bath and allowed to cool to 37.0°C. Time-temperature curve of the milk is shown in Figure 1.
The breastmilk typically reached a peak temperature of 72.9°C and was above 56.0°C for 6
minutes 15 seconds. Samples were stored at -70°C until analysis.

Immunoglobulin Measures

Total and antigen-specific IgA and IgG levels were measured in treated and untreated milk
samples by ELISA. High binding capacity polystyrene 96-microwell ELISA plates (Nalge
Nunc) were coated overnight either with 1 ug/ml of F(ab")2 fragment of goat 1gG specific for
human IgA or IgG isotypes (Jackson ImmunoResearch Laboratories), or with the following
microbial antigens: 1 ug/ml rgp120 of HIV-1 [prepared and purified at University of Alabama
(UAB)]; inactivated trivalent influenza viruses purified subvirion antigens at 0.3 pg/ml
hemagglutinin of each influenza virus types A (H3N2 and H1N1) and B (Flushield vaccine/
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Wyeth); inactivated poliovirus (UAB) at 2 ng/ml; 23-valent pneumococcal polysaccharide
vaccine (Merck) diluted 1:100; and Salmonella typhosa lipopolysaccharide (Sigma) at 5 g/
ml. Plates were blocked with 5% goat serum in phosphate-buffered saline containing 0.05%
Tween 20 for 2 h at room temperature. After washing the plates, serial two-fold dilutions of
samples, standards [a pool of human sera calibrated for immunoglobulin isotype levels (The
Binding Site)] and positive controls (human sera with known positivity for each of the antigens
analyzed) were incubated overnight at 4°C. The captured antibodies were then detected by
sequential addition of: a) biotin-conjugated F(ab’)2 fragment of goat IgG specific for human
IgA or IgG antibodies (BioSource); b) horseradish peroxidase (HRP)-labeled ExtrAvidin
(Sigma); c) the chromogenic substrate for HRP: ortho-phenylene-diamine (OPD) and 0.0075%
hydrogen peroxide (Sigma). The color reaction was stopped with 1 M sulfuric acid, and
absorbance at 490 nm was read in a Bio-Kinetics reader (Bio-Tek Instruments).

Results were calculated for total and antigen-specific IgA and IgG by interpolating the optical
densities (ODs) of samples on calibration curves constructed from standardized sera using
Delta Soft computer program (BioMettalics). Data were log transformed to achieve normal
distribution and analyzed using paired t-test.

In the 50 samples analyzed, Flash-heat induced a statistically significant decrease in total IgA
[geometric mean (sd) 318.0 (1.9) vs. 398.2 (1.9) mcg/mL, p<0.001] and 1gG [89.1 (2.7) vs.
133.3 (2.5) meg/mL, p<0.001] concentrations which corresponded to a 20% (95% CI 15, 25)
and 33% (27, 39) reduction, respectively. Similar decreases were observed in levels of HIV-1
gp120-specific 1gG [26% (18, 33), p<0.001], and in anti-pneumococcal polysaccharide and
anti-poliovirus 1gA [30% (21, 38) and 34% (26, 41), p<0.001 each]; the anti-poliovirus IgA
being the most affected of all the antibodies measured. In contrast, the amount of IgA and 1gG
binding to influenza viruses increased after Flash-heat by 13% (2, 26), p=0.029 and 15% (2,
31), p=0.025 respectively (Table 1). The increase in anti-Salmonella lipopolysaccharide IgA
of 9% (-2,21) did not reach statistical significance, p=0.13.

Discussion

The majority of IgA and IgG activity in these samples survived the Flash-heat treatment and,
in the case of anti-influenza immunoglobulins, the antigen-binding capacity of both increased.
These results suggest that infants receiving Flash-heated breastmilk would still receive
substantial passive immunoprotection. The IgA concentration measured after Flash-heating
was nearly identical to that reported by Goldblum et al.[21] who observed a decrease in IgA
concentration from 0.37 to 0.30 mg/mL (19%) after heating breastmilk to 72°C for 15 seconds;
this difference was not statistically significant in that study, possibly due to the fewer samples
analyzed. These results suggest that our ‘low-tech’ version of HTST requiring longer time to
reach 72°C did not substantively increase the immunoglobulin denaturation compared to the
‘high-tech’ version. A similar proportion of IgA survives the traditional Holder pasteurization
used in breastmilk banks (62.5°C for 30 minutes). Gibbs et al. [20] detected a 21% loss of IgA
with Holder pasteurization of drip milk and Ford noted 20% reduction in IgA titer with this
method. [19] However, very little IgA has been noted to survive higher temperatures, with
greater than 80% reduction at 87°C for 1 second [21] and essentially total destruction with
boiling. [23] 1gG is apparently more heat sensitive than IgA, as noted by 33% vs. 20%
destruction by the Flash-heat method in our study; greater destruction of 1gG relative to IgA
was also noted by Evans [24] when heating to 73°C for 30 minutes.

Most importantly, the antibody activity of IgA and IgG, measured as antigen binding capacity,
was also predominantly preserved with the Flash-heat method, with post-heat activity ranging
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from 66% of that measured pre-heat for anti-polio virus IgA to 115% for anti-influenza virus
IgA. It is unclear why the influenza virus-specific antibodies slightly increased in our samples
after pasteurization, and if this would correlate clinically to enhanced protection. Chen and
colleagues reported that 61.1% of E. coli-specific IgA activity was retained after HTST
pasteurization of human milk, [25] a percentage slightly lower than that of polio-specific IgA
in our study, the most diminished by Flash-heat. Again, this suggests that there is no greater
impact on antibody activity when the milk is heated more slowly during the Flash-heat method
vs. ‘high-tech’ methodologies. It is reassuring to note that Carbornare and colleagues in their
study of Holder pasteurization found that although concentration and anti-enteropathogenic
E. coli activity of IgA in colostrum were reduced, the remaining IgA was sufficient to
effectively inhibit bacterial adhesion to HEp-2 cells. [26]

IgA concentration in breastmilk is known to decline as the infant ages. The geometric mean
concentration of IgA in our unheated milk samples from the HIV-infected women was 0.40
mg/mL (arithmetic mean was 0.46 mg/mL) at a mean postpartum time of 15 weeks. Previously
reported means are somewhat variable: 0.71 mg/mL at 10 weeks postpartum, [27] 0.50 mg/
mL at 12 weeks, [28] and 0.57 mg/mL at a mean of 24 weeks.[29] As malnourished women
have less IgA in their colostrum, [30] it is not surprising that the samples from our cohort had
slightly lower levels of IgA than the samples from the above reports. [27-29] While no women
in our study were underweight, they were from an impoverished region and may have had
micronutrient deficiencies. HIV-infection may also contribute to alterations in IgA content. To
the best of our knowledge, effects of HIV infection per se on breastmilk composition has not
yet been studied. Alternatively, the differences may be due to laboratory methodologies, as the
original reports were all performed more than 25 years ago and used radial immunodiffusion
rather than ELISA to measure immunoglobulin levels. In contrast to the lower concentrations
of IgA, 1gG levels in the milk from HIV-infected mothers in this study were substantially higher
than those previously reported in mature milk (30 mg/mL), [31] presumably because of the
hypergammaglobulinemia frequently found in HIV-infected individuals.[32]

The current study was limited to laboratory measurement of IgA and IgG concentrations and
binding capacities for five representative antigens. Antibody activity for other antigens may
have been more or less affected. Also, this study reports the impact of Flash-heat on
immunoglobulins only whereas many other breastmilk components provide anti-infective
activity and immunoprotection. Work is currently underway to evaluate Flash-heat's effect on
bioactivity of key breastmilk proteins.

We anticipate that because Flash-heated milk retains most antibody-specificity for the
microbial antigens tested, it will confer similar protection from infection for the infant as would
unheated milk. Correlation with clinical data from field trials will be necessary. In conclusion,
this study documents that the majority of breastmilk IgA and 1gG survive Flash-heat treatment
and retain the ability to bind specific antigens, suggesting that this method would be
immunologically superior to boiling milk or using breastmilk substitutes. The clinical
significance of the observed decrease in antibody activity to some antigens, will need further
evaluation in prospective clinical trials. Flash-heat may be a safe and affordable method for
home pasteurization for HIV+ mothers in developing countries, of particular value during times
of greater risk for HIV transmission, such as during episodes of infant oral thrush or maternal
mastitis or upon addition of complementary foods.
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Figure 1. Typical time-temperature curve of Flash-heated breastmilk
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