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Abstract: This study investigated the effect of breast-feeding in protection against protozoan infection in infants with per-
sistent diarrhea. Infants were classified into 2 groups; 161 breast-fed infants and the same number of non-breast-fed in-
fants. Microscopic examinations of stool were done for detection of parasites and measuring the intensity of infection.
Moreover, serum levels of IgE and TNF-a were measured by ELISA. Cryptosporidium spp., Entamoeba histolytica/Ent-
amoeba dispar, Giardia lamblia, and Blastocystis sp. were demonstrated in infants with persistent diarrhea. The percent-
age of protozoan infections was significantly lower in breast-fed infants than that in the non-breast-fed infants. The levels
of IgE and TNF-a were significantly lower in the breast-fed group than in the non-breast-fed group. There were significant
positive associations between the serum levels of IgE and TNF-a and the intensity of parasite infection in the breast-fed
group. It is suggested that breast-feeding has an attenuating effect on the rate and intensity of parasite infection.
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INTRODUCTION

Protozoan parasites such as Cryptosporidium spp., Entamoeba
histolytica, and Giardia lamblia [1] cause diarrhea which still re-
mains a leading cause of morbidity and mortality among in-
fants in low- and middle-income countries [2]. As infections
with parasites, particularly G. lamblia and Cryptosporidium spp.,
are the most likely causes of persistent diarrhea (> 14 days) [3],
pediatricians had strong suspicion from the symptoms and
clinical courses of these infants that the causes of persistent di-
arrthea should be intestinal protozoan infections (IPI), i.e., in-
fections caused by pathogenic protozoa in the intestine [4].

Breast-feeding provides significant protection against many
diseases including diarrhea in infancy [5]. This is attributable
to a complex of acquired and innate factors unique to human
milk including immunoglobulins [6,7], oligosaccharides, gly-
coconjugates, lactoferrin, antimicrobial compounds [8], leu-
kocytes, cytokines, and other agents [9,10]. Breast-fed infants

«Received 2 May 2013, revised 20 August 2013, accepted 21 August 2013.
* Corresponding author (ekhlasha@yahoo.com)
© 20183, Korean Society for Parasitology and Tropical Medicine

519

have a lower prevalence of gastrointestinal infections including
IPI than formula-fed infants [9,10]. However, there are little
conflicting opinions concerning breast-milk and anti-infective
functions |11,12]. Detailed investigations are still limited.

IgE is considered to play a central role in protective immu-
nity against parasites, not only helminths [13] but also some
protozoa such as G. intestinalis (synonymous with G. lamblia
and G. duodenalis) [14].

TNF-a is an important inflammatory cytokine in immune
regulation and resistance to various microbes including proto-
zoa [15]. This cytokine is known to be of significant importance
in the pathogenesis of inflammatory bowel diseases, and anti-
TNF agents have proven to be effective in the treatment of chron-
ic active inflammatory bowel diseases and fistulizing disease
[16].

Thus, the present study was designed to investigate the
breast-feeding in protection against IPI by comparing breast-
fed with non-breast-fed infants with persistent diarrhea.

MATERIALS AND METHODS

Subjects and methods
This study was carried out with 322 infants (146 boys and
176 gitls, 2-6 months old) who presented with persistent diar-
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thea (minimum of 3 loose stools/day for more than 14 days)
in spite of an anti-bacterial drug, nifuroxazide. They had been
enrolled from inpatient wards and outpatient clinics of the Pe-
diatric Department of University Hospital, Minia District, Egypt,
between January 2011 and March 2012. These infant cases were
divided into 2 equal groups of 161 each. The first group com-
prised of 161 partially breast-fed infants (79 boys and 82 girls,
mean+SD=4.5+1.1 months old) and the second an equal
number of non-breast-fed infants (some were having formula
alone, and some bovine milk, 67 boys and 94 girls, 4.4+1.2
months old). There was no difference in sex between these 2
groups. The sample characteristics (age, parent socio-economic
levels, and residency) of these 2 groups were similar.

The breast-fed infants had been breast-fed since birth, while
non-breast-fed infants had received a formula since 1 or 2 weeks
after birth. Formula was dissolved in tap water, which had been
boiled and cooled down.

Ethical considerations

Verbal consent was obtained from the parents of these in-
fants. All procedures were conducted according to the ethical
standards approved by the Institutional Human Ethics Com-
mittee, Faculty of Medicine, Minia University, Egypt.

Stool examinations

Stool samples were collected in a clean plastic container
once per infant but several stool samples were collected on al-
ternate days to detect parasites because cysts of G. lamblia are
excreted intermittently. Fecal specimens were transported to
the laboratory of Parasitology Department, Faculty of Medi-
cine, Minia University, Egypt to be examined by different tech-
niques for parasitic infections within 1-3 hr after collection.

For microscopic examinations, direct wet smear methods,
namely saline wet mount and iodine wet mount, were applied.
The technique of formol-ether sedimentation was used to con-
centrate the cysts or oocysts of the protozoa.

A same amount of stools (50 mg) from each of all infants
was mixed with 10 ml of fixation buffer (sodium-acetate acetic
acid formalin, SAF) and incubated for 1 hr for fixation and in-
activation. The suspension was passed through 4 layers of cot-
ton netting and centrifuged at 2,000 g for 5 min. Two smears
were dried in air, fixed with methanol, and then examined us-
ing 2 different stains: acid fast stain (modified Ziehl-Neelsen
stain) for identification of Cryptosporidium spp. and Giemsa
stain for identification of Blastocystis sp. The intensity of infec-

tion was scored as follows by x 1,000 magnification: 1, very
low infection (1 parasite per field); 2, mild infection (2 para-
sites per field); 3, moderate infection (3 parasites per field); 4,
heavy infection (4 or more parasites per field) [17].

Blood sample collection

Blood samples were collected from arm vein and sera were
stored at -20°C until use. The serum levels of IgE and TNF-a
were measured using commercially available ELISA kits (MYM
Laboratory and Medical Supply, Inc., San Diego, California,
USA, and Anogen, Ontario, Canada, respectively) according to
the manufacturers' guidelines.

Statistical analysis

Data were coded and verified prior to data entry. No data
were double-entered. As the data were distributed as normal,
results of the studies were reported as mean +SD. The Statisti-
cal Package of SPSS version 16 for Windows was used for data
entry and analysis. Descriptive statistics were calculated. The
X’-test was used to compare proportions of parasite detection
between groups and of sex difference between groups. The
Student’s t-test was used to compare means between groups.
Regression analysis was used for estimating the relationships
between serum levels of IgE and TNF-a and the intensity of
the infection. P<0.05 was considered to be statistically signifi-
cant.

RESULTS

Parasite detection and infection intensity among infants
with persistent diarrhea

Protozoa were detected in 62 breast-fed infants (38.5%), a
significantly lower incidence than that in non-breast-fed infants,
among which 121 (75.2%) were infected (Fig. 1). Cryptosporid-
ium spp. was the most common protozoan detected in both
groups, followed by E. histolytica/E. dispar, G. lamblia, and Blas-
tocystis sp. Mixed parasitic infections were observed only in the
non-breast-fed group. The intensity of single parasitic infection
of the breast-fed group was significantly less than that of the
non-breast-fed group (Table 1).

Serum levels of IgE and TNF-a in infants with persistent
diarrhea

Serum levels of IgE and TNF-a were summarized in Table 2.
In the breast-fed group, the serum levels of IgE and TNF-a of
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Fig. 1. Intestinal protozoa isolated from feces of 322 infants with
persistent diarrhea according to feeding state. The detailes of the
mixed parasite infection from non-breast-fed group were as fol-
lows: Cryptosporidium spp. and E. histolytica/dispar; 4 (3.3%),
Cryptosporidium spp. and G. lamblia; 4 (3.3%), and Cryptospo-
ridium spp. and Blastocystis sp.; 6 (5.0%). 2P <0.05 between
breast-fed vs. non-breast-fed.

parasite positive infants were significantly elevated (514.8+
95.2 [U/ml and 6.2+0.7 pg/ml, respectively) compared with
the levels in parasite negative infants (118.1+15.9 IU/ml and
3.5+0.5, respectively) (P<0.01). In non-breast-fed group, the
serum levels of IgE and TNF-a of parasite positive infants were
also significantly elevated (645.9+67.8 IU/ml and 7.7+1.2
pg/ml, respectively) than those of parasite negative infants
(121.1£9.6 IU/ml and 3.7 £ 0.3 pg/ml, respectively) (P <0.01).
In addition, the serum levels of IgE and TNF-a of parasite-in-
fected infants were significantly lower in the breast-fed group
(514.8+95.2 IU/ml and 6.2+0.7 pg/ml, respectively) than
those in the non-breast-fed group (645.9+67.8 IU/ml and

Table 1. Parasite intensity of infected infants with persistent diar-
rhea according to feeding state

Breast- Non- Total
fed breast-fed

Parasite  Single parasite infection  2.9+0.9° 3.3+0.9 3.1+1.0
intensity Mixed parasite infections 27+£10 27+1.0
Total 29+09 32+09 3.1x1.0

2P <0.05 between breast-fed vs. non-breast-fed.

Table 2. The levels of serum IgE and TNF-a in infants with persis-
tent diarrhea

Breast-fed (n=161) Non-breast-fed (n=161)

Protozoa IgE TNF-a IgE TNF-a
(IU/ml) (pg/ml) (IU/ml) (pg/ml)

Posive ~ 514.8+95.2%° 6.2+0.7%° 6459467.8° 7.7+1.2°

(n=183)

Boys  487.8+972 58+08 6531673 7.7+1.1

(n=72)

Girls 534.3+900 65+06 64174682 7.7%1.2

(n=111)

Negative ~ 118.1+159 35+05 121196  3.7+0.3

(n=139)

2P <0.01 between breast-fed and non-breast-fed group.
®P<0.01 between positive and negative group.
°P<0.05 between boys and girls.

7.7+1.2 pg/ml, respectively) (P<0.01). The serum levels of
IgE and TNF-a of infants infected with each parasite were sig-
nificantly lower in the breast-fed group than in the non-breast-
fed group (P<0.01) (data not shown). There were no signifi-
cant differences in the serum levels of IgE and TNF-a of the
parasite-non-infected infants between the breast-fed and non-
breast-fed groups.

There were no significant differences in the serum levels of
IgE between parasite-infected boys (487.8+97.2 IU/ml and
653.1+67.3 IU/ml, respectively) and girls (534.3+90.0 IU/ml
and 641.7+68.2 IU/ml) of the parasite infected breast-fed and
non-breast-fed groups. However, the serum levels of TNF-a in
the breast-fed group were significantly lower in parasite-infect-
ed boys (5.8+0.8 pg/ml) than in parasite-infected girls (6.5 +
0.6 pg/ml) (P<0.05).

Relation between serum levels of IgE and TNF-a and
parasite infection intensity

There was a significant positive correlation between the in-
fection intensity and the serum levels of IgE (Fig. 2A) and
TNF-a (Fig. 2B) in the breast-fed group. On the other hand, in
the non-breast-fed group, there was a positive correlation be-
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Fig. 2. Serum levels of IgE and TNF-a and intensity of parasite infection. (A) IgE. (B) TNF-a. Open circles, breast-fed group; filled circles,
non-breast-fed group. X, infants infected with mixed parasites. Values are means+SD. ?P<0.01 between breast-fed and non-breast-

fed group in same intensity of parasite infections.

tween them, although there were no significant differences.
The serum level of IgE tended to be higher in infants infected
with 2 parasites than in those with a single parasite in the non-
breast-fed group. With regard to the comparison in the same
infection intensity, the levels of IgE and TNF-a in the breast-
fed group were significantly lower than those in the non-breast-
fed group (P <0.01) (Fig. 2).

DISCUSSION

Persistent diarrhea should prompt investigation for proto-
zoan infections, mainly of Giardia and Cryptosporidium [3].
Protozoan parasites, which were detected in the study, were
the main causes of diarrhea. Diarthea was not with an acute
onset and was not associated with high fever or vomiting. In-
fants, infected with protozoan parasites, were treated success-
fully with anti-protozoan drugs.

This study clearly indicated that the percentage of protozoan
parasite-infected infants in the breast-fed group was signifi-

cantly less than that of the non-breast-fed group. The numbers
of infants infected with the same protozoan parasites in the
breast-fed group were also significantly lower than those of the
non-breast-fed group. In addition, the intensities of parasite
infections were less in the breast-fed group than those in the
non-breast-fed group. Increased risks of persistent diarrhea are
environment-related, such as poor hygiene [18]. In this study,
both macroenvironmental measures (provision of a safe and
adequate water supply, and hygienic waste disposal) and mi-
croenvironmental measures (hand washing, hygienic storage
and use of water, and avoidance of stale/cold-storage infant
foods in tropical environments) [ 18] were poor in both groups.
Lack of access to clean water, sanitation, and hygiene are strong
drivers for IPI [4]. Thus, scaling-up environmental control
measures and safe water and hygiene strategies is important to
prevent children from persistent diarrhea [18].

IgE activates platelets and induces cytotoxic functions against
parasites [19]. An elevation in total IgE levels was also reported
even in helminth and protozoan infectious diseases such as
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cryptosporidiosis and giardiasis [13,14,20-22]. Excretory and
secretory proteins released by G. intestinalis are responsible for
production of a specific IgE [14]. In this study, the serum level
of IgE was significantly elevated in both parasite-infected groups
compared to the non-infected infants. The IgE levels of infants
infected with the respective parasites of the breast-fed group
were significantly lower than those of the non-breast-fed group
in this study. The IgE level and the intensity of parasite infec-
tions were related in the breast-fed group. In addition, the IgE
level of the breast-fed group was lower than that of the non-
breast-fed group with the same intensity of parasite infections.
Some factors such as immune activation by protozoa might be
different between the breast-fed and non-breast-fed groups.
This will be the subject of a future study. The higher total IgE
levels in non-breast-fed infants were not due to cow’s milk-
specific IgE; such antibodies could not be detected in cow’s-
milk infant group [23]. Regarding the relation of breast-feed-
ing and IgE levels in the early childhood of healthy infants,
there are some contradictory reports. Total IgE level was signifi-
cantly lower in breast-fed infants compared with formula-fed
infants, while another report showed that no feeding-related
differences in the IgE level in the first 6 months of life [24,25].

Protozoan infections of the intestinal tissue will lead to a ro-
bust inflammatory process and production of a wide range of
cytokines including TNF-a that is elevated in the gastrointesti-
nal tract of some forms of inflammatory colitis, cryptosporidi-
osis, E. histolytica-related diarrhea, and giardiasis [26-30]. In
this study, the serum level of TNF-a was also significantly high-
er in infants infected with parasites than those uninfected. In
addition, the level of infected infants was significantly lower in
the breast-fed group than that in the non-breast-fed group. The
serum level of TNF-a in the breast-fed group was also signifi-
cantly lower than that in the non-breast-fed group with the
same intensity of parasite infections. Tumor necrosis factor-in-
duced nitric oxide production by macrophages leads to cyto-
toxicity of E. histolytica in vitro [31].

The serum levels of TNF-a of male infants were significantly
lower than those of female infants in the infected breast-fed
group. Gender differences exist in the incidence, morbidity, and
mortality associated with diseases with an inflammatory com-
ponent [32]. The relationship between TNF-a levels and gen-
der will be a topic for further studies. There were no significant
differences in IgE levels between parasite-infected boys and
gitls in this study, in agreement with the previous report [20].

The present study showed positive relationships between

the intensity of infection and serum levels of IgE and TNF-a in
the breast-fed group. Thus, the serum levels of IgE and TNF-a
may be a marker of the intensity of infection and an indicator
for therapy and prognosis in infants with persistent diarrhea.

The present study revealed the effect of breast-feeding on
lowering the rate and ameliorating the intensity of protozoan
parasite infections. The spread of breast-feeding by education
and encouragement of mothers, with attention to transmis-
sion of pathogens such as human immunodeficiency virus
through breast-feeding, can prevent protozoa-caused diarrhea,
the main cause of death in infants [33].
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