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Site-Specific Incidence Rate of Blastocystis hominis and Its Association with Childhood
Malnutrition: Findings from a Multi-Country Birth Cohort Study

Barbie Zaman Wahid,1,2 Md Ahshanul Haque,1* Md Amran Gazi,1 Shah Mohammad Fahim,1 Abu Syed Golam Faruque,1

Mustafa Mahfuz,1 and Tahmeed Ahmed1
1Nutrition and Clinical Services Division, International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh; 2University of

Nebraska-Lincoln, Lincoln, Nebraska

Abstract. In this study, we investigated the potential association between the burden of asymptomatic Blastocystis
spp. (Blastocystis hominis) infection and nutritional status among children under 2 years of age using the data collected
from 1,715 children from eight distinct geographic locations, including Bangladesh, Brazil, India, Peru, Tanzania, Paki-
stan, Nepal, and South Africa. Childhood stunting, wasting, and underweight were the outcome variables, and B. hominis
infection was the exposure variable of this present study. The presence of B. hominis in nondiarrheal stools was evalu-
ated by TaqMan Array Cards. Site-specific incidence rates were estimated using Poisson regression, and multiple gener-
alized estimating equation was used to assess the association between the B. hominis infection and nutritional status.
The site-specific incidence rates of asymptomatic B. hominis infections per 100 child-months were higher in Tanzania,
Peru, and South Africa when compared with the other study sites. Moreover, in terms of site-specific association, child-
hood stunting was significantly associated with asymptomatic B. hominis infection in Bangladesh (odds ratio [OR]: 1.62;
95% CI: 1.26–2.08), India (OR: 1.78; 95% CI: 1.46–2.16), Nepal (OR: 2.26; 95% CI: 1.60–3.21), Peru (OR: 1.47; 95% CI:
1.26–1.71), South Africa (OR: 1.57; 95% CI: 1.35–1.83), and Tanzania (OR: 2.46; 95% CI: 2.18–2.79) sites. Wasting was
associated with B. hominis in the Brazil site only (OR: 3.19; 95% CI: 1.31–7.77). On the other hand, underweight was
associated in the Bangladesh (OR: 1.89; 95% CI: 1.48–2.42), Brazil (OR: 4.41; 95% CI: 1.57–12.4), Nepal (OR: 2.25; 95%
CI: 1.52–3.35), and Tanzania (OR: 1.68; 95% CI: 1.42–1.99) sites. Our analysis further reveals that the presence of addi-
tional pathogens may play a pathogenic role in children who have B. hominis infection.

INTRODUCTION

Blastocystis spp. (Blastocystis hominis) is a widely distrib-
uted gastrointestinal protist that is commonly reported in
tropical and subtropical countries.1 This protist is one of the
few intestinal parasites with a prevalence of more than 5% in
the general population of developed countries and up to
30–60% in developing countries.2 Based on epidemiological
surveys, it is anticipated that this parasite has infected 1–2
billion individuals globally.3 According to recent microbiome
studies, this protozoan parasite may colonize the human gut
for long periods of time without causing symptoms, and
B. hominis carriers have more bacterial diversity than non–
B. hominis carriers, implying that it should be regarded as a
commensal rather than a pathogen.3 Additionally, this organ-
ism has been associated with indicators of a healthy gut
microbiota.1 However, it has also been associated with a
decrease in protective bacteria in the feces, such as Bifido-
bacterium spp. and Faecalibacterium prausnitzii.1 Moreover,
other researchers have attributed B. hominis to irritable
bowel syndrome and inflammatory bowel disease as well as
watery diarrhea, stomach pain, meteorism, a lack of appe-
tite, and constipation.2 Furthermore, B. hominis may have a
pathogenic role in immunocompromised patients.2,4,5 Stud-
ies have linked the parasite to cutaneous disorders and
chronic or acute urticaria, in addition to atypical gastrointes-
tinal symptoms.2 The organism causes no symptoms in
most people who carry the parasite, but it can also be found
in people who have diarrhea or other digestive issues.1 As a

result, B. hominis can be an opportunistic organism that can
have a negative impact on gut health when other pathogens
are present.1 Hence, evidence of its pathogenicity in humans
is speculative and inconclusive. There is insufficient evi-
dence to determine if B. hominis causes disease or is benefi-
cial to gut microbial diversity.1 Although there is still debate
about its pathogenicity, recent research supports the patho-
genicity of B. hominis in causing clinical symptoms in the
absence of other intestinal infections.6

Children with recurrent diarrhea had a higher prevalence
of intestinal parasitic infection, implying that parasitic infec-
tion should be investigated in cases of chronic or recurrent
diarrhea.6 Moreover, intestinal parasite infections are most
common in children of school age and may have a negative
impact on growth.7 Similarly, prior literature revealed that a
higher cumulative burden of diarrhea prior to the age of
24months was linked to a higher prevalence of stunting at
that age.8 In the absence of other pathogens, chronic diar-
rhea, nausea, anorexia, vomiting, dizziness, and flatulence
caused by B. hominis have been found often in cases where
the organism exists at higher numbers.9 This research backs
up previous findings that B. hominis can cause diarrhea in
children in underdeveloped nations.9 However, the precise
role of B. hominis as a causative agent of growth faltering
remains poorly understood. The findings of a study con-
ducted among malnourished Bangladeshi adults imply that
the presence of B. hominis in the human intestine has an
impact on gut health and may play a pathogenic role in the
presence of other pathogens.1 Hence, there could be a pos-
sible association of B. hominis with all forms of malnutrition
among children from resource-constrained settings.
Therefore, we have structured this study with the purpose

of investigating the site-specific incidence rates of B. homi-
nis and its possible association with all forms of malnutrition
among children aged 1–24months.
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MATERIALS AND METHODS

Study design and ethical statement. The multi-country
birth cohort Etiology, Risk Factors, and Interactions of Enteric
Infections and Malnutrition and the Consequences for Child
Health (MAL-ED) study, which was conducted across eight
sites in South America, sub-Saharan Africa, and Asia
(Bangladesh, Brazil, India, Nepal, Peru, Pakistan, South Africa,
and Tanzania), has been previously described.10 In summary,
from November 2009 to February 2012, 1,715 children were
registered from the community within 17days of birth at all
eight sites and observed for up to 24months. Each of the eight
study sites' institutional review boards gave approval to the
study.10 Every child's parents or legal guardians provided writ-
ten, informed, and voluntary consent. All study protocols were
carried out in accordance with the ethical requirements set by
the regulatory authorities at each study location.
Collection of anthropometric, sociodemographic, and

morbidity data. In accordance with 2006 WHO standards
for children, anthropometric indices of length-for-age z-score
(LAZ), weight-for-age z-score (WAZ), and weight-for-length
z-score (WLZ) were derived using data from monthly anthro-
pometric measurements taken up to the age of 24months,
using standard scales (secaGmbH & Co. KG, Hamburg, Ger-
many).11 Anthropometric data, as well as information on birth
history, household demographics, and maternal factors, were
obtained from study participants across all sites at the time
of recruitment.10 During household visits, which were con-
ducted twice weekly, a full description of any morbidity and
child feeding practices was acquired.12

Starting at the age of 6months, socioeconomic data were
collected every 6months. TheWAMI (water, sanitation, hygiene,
asset, maternal education, and income) index, which spans
from 0 to 1, is a socioeconomic status index for households
that was calculated thereafter.13 A greater WAMI suggested a
higher socioeconomic class.14 The WHO criteria for better
water and sanitation were followed,15 and drinking water treat-
ment was defined as filtering, boiling, or adding bleach.16

Outcome variables. The outcome variables of the present
study were stunting, wasting, and underweight. Stunting,
also known as linear growth faltering, occurs when a child's
LAZ falls below 22 SD, according to the WHO child growth
standards (LAZ ,22). Weight-for-length z-score was less
than 22 SD (WLZ ,22) for wasted children, and weight-for-
age z-score was less than 22 SD (WAZ ,22) for under-
weight children. A study participant's stunting, wasting, or
underweight indicated an event of malnutrition.
Collection of stool samples and assessment of

enteropathogens.Nondiarrheal stool samples were obtained
on a monthly basis after enrollment and up to the age of
24months at all study locations. In this investigation, no diar-
rheal samples were analyzed. Upon collection of these stool
samples, no fixative was added to the stool samples, and
the unprocessed stool aliquots were stored in280�C freezers
before being analyzed in the laboratory.17,18 Using proce-
dures described elsewhere, TaqMan array cards, a custom-
ized multiplex quantitative polymerase chain reaction using
compartmentalized primer-probe assays, were used to de-
tect a possible 29 pathogens from each of the samples.19,20

As stated previously, the quantification cycle value of 35 was
set as a threshold for the analysis.19 In our study, we ana-
lyzed the occurrence of the 18S rRNA gene of B. hominis,

and positive cases were checked for co-infection with
other distinct pathogens, including Campylobacter jejuni,
enteroaggregative Escherichia coli (EAEC), enterotoxigenic
E. coli (ETEC), norovirus, atypical enteropathogenic E. coli
(aEPEC), Shigella/enteroinvasive E. coli (EIEC), and Crypto-
sporidium spp.21

Statistical analysis. Stata software (Release 14; Stata-
Corp LP, College Station, TX) was used to analyze the data.
Line graphs were used to illustrate the data in this study,
including a line graph to assess the prevalence status of out-
come variables with time and a variable for asymptomatic
B. hominis infection (Figure 1). We used frequency and pro-
portion for qualitative variables and mean and standard devi-
ation for quantitative symmetric variables to summarize the
data. Poisson regression was used to calculate the inci-
dence rate in all of the study sites. The association between
asymptomatic B. hominis infection and three forms of mal-
nutrition (stunting, wasting, and underweight) was studied
using multiple generalized estimating equations (GEEs) with
binomial family, logit link function, and exchangeable corre-
lation. The WAMI (water/sanitation, assets, maternal educa-
tion, and income) index, child’s sex, maternal height,
mothers’ having fewer than three living children, and site
were adjusted in the multiple GEE model.22 Because of the
birth cohort research, the child's age was used as a time var-
iable in the model. Additionally, a P value of , 0.05 was
used to portray significance, and the 95% CI was used to
describe the findings.

RESULTS

General characteristics. A total of 1,715 participants were
enrolled throughout the eight study sites, and 34,622 monthly
nondiarrheal stool samples were collected from the participants
over the course of the study, commencing with enrolment after
birth. The demographic characteristics of the study participants
(N5 1,715) enrolled at each of the eight study locations are dis-
played in Table 1. Due to the unavailability of a subset of length
measurements at the Pakistan site for this study, we eliminated
children from that site (N5 246) for our analysis.
Incidence rate of B. hominis infection. The overall inci-

dence rate (IR) of asymptomatic B. hominis infections per
100 child-months was 11.87 (95% CI: 11.47–12.28). The
site-specific IRs per 100 child-months were: Bangladesh,
4.74 (95% CI: 4.11–5.48); Brazil, 6.99 (95% CI: 6.04–8.08);
India, 6.71 (95% CI: 5.99–7.53); Nepal, 2.52 (95% CI:
2.11–3.02); Peru, 17.02 (95% CI: 15.75–18.38); South Africa,
13.04 (95% CI: 12.03–14.14); and Tanzania, 33.65 (95% CI:
31.84–35.55) (Table 2). The overall IR of B. hominis infection
was 11.87% across all study locations. Tanzania had the
highest IR of B. hominis infection per 100 child-months
(33.65%), while Nepal had the lowest (2.52%).
Associations between B. hominis and other pathogenic

enteropathogens. Table 3 reflects the strength of associa-
tions between B. hominis and other pathogens. Co-infection
were estimated using GEE, with B. hominis as the depen-
dent variable and Campylobacter, Giardia, norovirus, ETEC,
EAEC, aEPEC, tEPEC, Shigella/EIEC, and Cryptosporidium
spp. as independent variables. Blastocystis hominis was
positively associated with C. jejuni/E. coli (odds ratio [OR]:
1.12; 95% CI: 1.00–1.24; P 5 0.040), Giardia spp. (OR: 4.62;
95% CI: 4.21–5.06; P , 0.001), ETEC (OR: 1.31; 95% CI:
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1.20–1.44; P , 0.001), aEPEC (OR: 1.14; 95% CI: 1.04–1.25;
P 5 0.007), tEPEC (OR: 1.09; 95% CI: 0.96–1.23; P 5
0.198), Shigella/EIEC (OR: 1.21; 95% CI: 1.08–1.36; P 5
0.001), and Cryptosporidium spp. (OR: 1.47; 95% CI:
1.30–1.66; P , 0.001) infection. Norovirus (OR: 0.78; 95%
CI: 0.69–0.88; P , 0.001) and EAEC (OR: 0.65; 95% CI:
0.59–0.70; P , 0.001) infections, on the other hand, were
negatively associated with B. hominis infection. Table 2
summarizes the strength of the co-infection associations
between B. hominis and other pathogens.
Association between B. hominis infection and all

forms of childhood malnutrition. Table 4 shows the results
of a separate analysis involving the association between the
burden of B. hominis infection with all forms of malnutrition
(stunting, wasting, and underweight) during 1–24months of
age. After adjusting for the relevant covariates, the overall
infection of asymptomatic B. hominis infection over the study
period across all study sites, excluding Pakistan, was found to
have a significant association with stunting (OR: 1.91; 95% CI:
1.79–2.05; P , 0.001) and underweight (OR: 1.41; 95% CI:
1.29–1.54; P , 0.001); however, no association was observed
with wasting (OR: 0.94; 95% CI: 0.77–1.15; P5 0.556).
When we looked at site-specific associations, stunting

was found to be associated positively with the burden
B. hominis infection over the study period across sites,
including Bangladesh (OR: 1.62; 95% CI: 1.26–2.08; P ,
0.001), India (OR: 1.78; 95% CI: 1.46–2.16; P , 0.001), Nepal
(OR: 2.26; 95% CI: 1.60–3.21; P , 0.001), Peru (OR: 1.47;
95% CI: 1.26–1.71; P , 0.001), South Africa (OR: 1.57; 95%
CI: 1.35–1.83; P , 0.001), and Tanzania (OR: 2.46; 95% CI:
2.18–2.79; P , 0.001). However, no such association was
found in Brazil (OR: 1.94; 95% CI: 0.91–4.11; P5 0.084).
On the other hand, burden of B. hominis was found to be

positively associated with wasting only in Brazil (OR: 3.19;
95% CI: 1.31–7.77; P 5 0.011). Consequently, the burden of
asymptomatic B. hominis infection was significantly associ-
ated with underweight in Bangladesh (OR: 1.89; 95% CI:

1.48–2.42; P , 0.001), Brazil (OR: 4.41; 95% CI: 1.57–12.4;
P 5 0.005), Nepal (OR: 2.25; 95% CI: 1.52–3.35; P , 0.001),
and Tanzania (OR: 1.68; 95% CI: 1.42–1.99; P , 0.001).
Table 4 depicts the site-specific strength of associations
between the burden of B. hominis infection and all forms of
nutritional status of the study participants.

DISCUSSION

According to epidemiological data, B. hominis is highly
prevalent in tropical and subtropical settings, particularly in
developing countries with inadequate hygiene conditions
and consumption of contaminated food or water. Although
its pathogenic potential is still questioned, B. hominis is
commonly recognized as a pathogenic contributor to diar-
rhea, abdominal pain, and irritable bowel syndrome in peo-
ple. In particular, in immunocompromised patients, such as
those with HIV/AIDS or cancer, B. hominis infections can
cause noticeable diarrhea.23,24 In this current literature, the
association between asymptomatic B. hominis infection and
various forms of childhood malnutrition (i.e., stunting, wast-
ing, and underweight) in children enrolled in the MAL-ED
birth cohort study were analyzed. Our data demonstrated a
considerable discrepancy in the prevalence of asymptomatic
B. hominis infections when compared with the other study
sites, with incidence rates per 100 child-months being higher
in Tanzania, Peru, and South Africa (Figure 2). Further obser-
vations into our site-specific assessment revealed a signifi-
cant association between asymptomatic B. hominis infection
and childhood stunting in Bangladesh, India, Nepal, Peru,
South Africa, and Tanzania. To the best of our knowledge,
this is the first study to investigate the associations between
the protist B. hominis and all forms of malnutrition in children
from birth to 2 years of age.
When compared with the other study sites, our findings

revealed a significant disparity in the prevalence of asymp-
tomatic B. hominis infections, with incidence rates per 100

FIGURE 1. Site-specific prevalence of asymptomatic Blastocystis infection by children’s age in months.
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child-months being higher in Tanzania, Peru, and South
Africa. These findings corroborate previous findings from
epidemiological data that B. hominis is highly abundant in
tropical and subtropical settings, particularly in developing
countries with poor personal hygiene, inadequate hygiene
conditions, and consumption of contaminated food or
water.1,23,24 According to our findings, the greatest inci-
dence rate of B. hominis infection in children was reported in
Tanzania (34%). The incidence of B. hominis found in this
study is consistent with previous MAL-ED research on other
enteropathogens, such as enterotoxigenic Bacteroides fragi-
lis, enteropathogenic E. coli, and enteroaggregative E. coli,
which found that the highest incidence rates were also found
in Tanzania.25–27 Another study revealed a seasonal effect
on B. hominis prevalence, which rose to 23.2% in the sum-
mer, compared with 13.7% in the winter.28 Summer water-
based recreational activities may also be involved because
human fecal contamination has been linked to B. hominis
loads in recreational rivers, implying a higher risk of parasite
infection in the summer.28 This seasonal pattern could
explain B. hominis peaking in hot weather, and the pro-
longed summer season in Tanzania could be the underlying
reason for the higher B. hominis occurrence in this particular
study site.
Moreover, in our site-specific analysis, sites including

Bangladesh, India, Nepal, Peru, South Africa, and Tanzania
delineated a significant association between asymptomatic
B. hominis infection and childhood stunting. According to a
recent study, B. hominis infection can cause growth retarda-
tion, deterioration in cognitive and learning abilities, and a
reduction in children's quality of life.24 Infection with B. hominis
is becoming increasingly widely recognized as a severe threat
to human health, and some B. hominis subtypes are patho-
genic.24 Moreover, our result is consistent with a recent
cross-sectional study of Australian aboriginal children aged
0–2years that revealed an inverse relationship between
B. hominis infection and height-for-age z-scores.29 Only Bra-
zil depicted a significant association between B. hominis
infection and wasting. On the other hand, a significant site-
specific association between B. hominis and underweight
was observed in Bangladesh, Brazil, Nepal, and Tanzania.
Although there has not been a prior study tying the negative
association between B. hominis infection and children’s
WLZ, it can be interpreted that, in the presence of other
pathogens, B. hominis damages the intestinal mucosa,
resulting in reduced nutrient absorption and growth failure.1

A prior study conducted in Slovenia revealed the presence of
B. hominis in fecal samples of diarrhea patients who had no
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TABLE 2
Site-specific incidence rate of asymptomatic Blastocystis hominis

infections per 100 child-months

Sites Incidence rate per 100 child-months (95% CI)

Overall 11.87 (11.47–12.28)
Bangladesh 4.74 (4.11–5.48)
Brazil 6.99 (6.04–8.08)
India 6.71 (5.99–7.53)
Nepal 2.52 (2.11–3.02)
Peru 17.02 (15.75–18.38)
South Africa 13.04 (12.03–14.14)
Tanzania 33.65 (31.84–35.55)

Incidence rates (95%CI) were calculated with the Poisson null model.
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other intestinal infections, suggesting an etiology that should
be investigated further.30 Furthermore, when repeated stool
examinations were obtained, it was discovered that 84% of
individuals with B. hominis infection had at least one known
pathogen other than B. hominis, including Entamoeba histoly-
tica, G. intestinalis, and D. fragilis.31 Furthermore, following an
increase in B. hominis detection rates in the 1990s, investiga-
tions in the United States revealed B. hominis as a symptomatic
mono-infection with characteristics similar to other amoeboid
parasites, including Cryptosporidium spp. and E. histolytica.32

The behavior of B. hominis in people is comparable to that of
Giardia spp. and E. histolytica.32

The findings also confirm that B. hominis meets all of the
pathogenicity criteria set forth by Giardia spp. and E. histoly-
tica, including the fulfillment of Koch's postulates.32 Another
study identified a link between the presence of amoebic
forms and B. hominis protease activity.33 The amoebic form
of the protist B. hominis has previously been hypothesized
to have a sticky surface that aids adherence to the intestinal
epithelial cell lining.33 This adhesion could make it easier for
amoebic forms to release proteases that degrade external
membrane, similar to what was demonstrated in E. histoly-
tica.33 Proteases have already been implicated as one of
E. histolytica's pathogenic factors.33 Entamoeba histolytica
causes invasive intestinal disease that manifests as cramp-
ing, abdominal pain, and watery or bloody diarrhea over
several weeks.34 Consequently, E. histolytica–associated
diarrheal illness was found to be negatively associated with
preschool children's linear growth in a study conducted in
an urban slum in Mirpur, Dhaka.35 Therefore, it is probable
that B. hominis is associated with diarrheal sickness and
subsequent stunting in children.
Blastocystis hominis is disseminated via the fecal–oral path-

way.1 Earlier studies have shown that unsanitary environmen-
tal factors, as well as crowded houses in developing countries,
contribute to enteric pathogen transmission.1 Nonetheless,
malnourished people have a higher chance of getting infected
with enteropathogens. It is possible that a weakened immune
system makes people more vulnerable to gastrointestinal
infections.1 According to our data, the risk of infection with
B. hominis is 12% higher in the presence of C. jejuni. A prior
study found a significant association between Campylobacter
spp. and B. hominis.29 This correlation revealed that the pres-
ence of Campylobacter spp. favors the presence of B. hominis
and that the lack of one favors the absence of the other.29 Our
study also delineated that the odds of infection with B. hominis
were higher in the presence of pathogenic enteropathogens
such as Giardia spp., Cryptosporidium spp., ETEC, and Shi-
gella/Shiga toxin–producing E. coli (STEC) by 62%, 47%,
31%, and 21%, respectively. In Beni-Suef Governorate, Egypt,
a prior study discovered a significant prevalence of intestinal
parasite infection, particularly Giardia–B. hominis co-infection,
in diarrheic young children (up to 12years).36 This co-infection
could be due to both parasites having the same environment,
social conditions, transmission pattern, and age-prevalence
curves.36 In another study, G. intestinalis was also reported to
be the parasite most frequently associated with B. hominis.36

TABLE 4
The site-specific strength of associations between the burden of
Blastocystis hominis infection and all forms of nutritional status of

the study participants

Form of
malnutrition

Unadjusted
OR (95% CI) P value

Adjusted
OR (95% CI) P value

Stunting
Overall 1.92 (1.81–2.04) , 0.001 1.91 (1.79–2.05) , 0.001
BG 1.80 (1.45–2.24) , 0.001 1.62 (1.26–2.08) , 0.001
BR 1.92 (1.09–3.40) 0.025 1.94 (0.91–4.11) 0.084
IN 1.71 (1.44–2.03) , 0.001 1.78 (1.46–2.16) , 0.001
NP 2.19 (1.61–2.96) , 0.001 2.26 (1.60–3.21) , 0.001
PE 1.52 (1.33–1.74) , 0.001 1.47 (1.26–1.71) , 0.001
SA 1.61 (1.40–1.84) , 0.001 1.57 (1.35–1.83) , 0.001
TZ 2.53 (2.27–2.83) , 0.001 2.46 (2.18–2.79) , 0.001

Wasting
Overall 0.98 (0.80–1.19) 0.804 0.94 (0.77–1.15) 0.556
BG 1.39 (0.91–2.12) 0.125 1.29 (0.84–1.99) 0.250
BR 2.79 (1.39–5.57) 0.004 3.19 (1.31–7.77) 0.011
IN 0.93 (0.70–1.25) 0.634 0.88 (0.64–1.20) 0.422
NP 0.63 (0.19–2.07) 0.449 0.64 (0.19–2.13) 0.468
PE 1.06 (0.59–1.92) 0.849 1.10 (0.56–2.18) 0.785
SA 0.63 (0.34–1.18) 0.147 0.61 (0.33–1.15) 0.127
TZ 0.69 (0.35–1.36) 0.286 0.59 (0.29–1.19) 0.140

Underweight
Overall 1.42 (1.31–1.53) , 0.001 1.41 (1.29–1.54) , 0.001
BG 2.06 (1.66–2.56) , 0.001 1.89 (1.48–2.42) , 0.001
BR 4.4 (1.55–12.44) 0.005 4.41 (1.57–12.4) 0.005
IN 1.08 (0.91–1.28) 0.385 1.06 (0.88–1.28) 0.527
NP 2.18 (1.56–3.05) , 0.001 2.25 (1.52–3.35) , 0.001
PE 1.08 (0.86–1.35) 0.530 1.06 (0.82–1.39) 0.642
SA 1.01 (0.81–1.26) 0.918 0.99 (0.78–1.27) 0.954
TZ 1.65 (1.41–1.93) , 0.001 1.68 (1.42–1.99) , 0.001
BG 5 Bangladesh; BR 5 Brazil; IN 5 India; NP 5 Nepal; PE 5 Peru; SA 5 South Africa;

TZ5 Tanzania. Adjusted in generalized estimating equation for sex; WAMI (water, sanitation,
hygiene, asset, maternal education, and income) index, maternal height, mother having fewer
than three living children and as co-pathogen infection, and site for overall estimates.
Dependent variable: stunting (length-for-age z-score , 22 SD), wasting (weight-for-length
z-score , 22 SD), and underweight (weight-for-age z-score , 22 SD). Independent
variables: B. hominis infection.

TABLE 3
The strength of associations between Blastocystis hominis and other pathogen as co-infection were estimated using GEE, where the

dependent variable was B. hominis and independent variables were Campylobacter jejuni, Giardia spp., norovirus, ETEC, EAEC, aEPEC,
tEPEC, Shigella, Cryptosporidium spp.

Co-infection Unadjusted OR (95% CI) P value Adjusted* OR (95% CI) P value

Campylobacter jejuni/Escherichia coli 1.29 (1.18–1.40) , 0.001 1.12 (1.00–1.24) 0.040
Giardia spp. 4.89 (4.48–5.33) , 0.001 4.62 (4.21–5.06) , 0.001
Norovirus 0.78 (0.70–0.87) , 0.001 0.78 (0.69–0.88) , 0.001
ETEC 1.51 (1.40–1.63) , 0.001 1.31 (1.20–1.44) , 0.001
EAEC 0.74 (0.69–0.80) , 0.001 0.65 (0.59–0.70) , 0.001
aEPEC 1.16 (1.08–1.25) , 0.001 1.14 (1.04–1.25) 0.007
tEPEC 1.08 (0.97–1.20) 0.160 1.09 (0.96–1.23) 0.198
Shigella/EIEC 1.53 (1.38–1.70) , 0.001 1.21 (1.08–1.36) , 0.001
Cryptosporidium spp. 1.88 (1.68–2.09) , 0.001 1.47 (1.30–1.66) , 0.001
aEPEC5 atypical enteropathogenic E. coli; EAEC5 enteroaggregative E. coli; EIEC5 enteroinvasive E. coli; ETEC5 enterotoxigenic E. coli; GEE5 generalized estimating equations; OR5 odds

ratio; tEPEC5 typical enterotoxigenic E. coli.
* Adjusted for sex; WAMI (water, sanitation, hygiene, asset, maternal education, and income) index, maternal height, and mother having fewer than three living children.
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Furthermore, according to another study, largely asymptom-
atic Giardia spp. infections appeared to impair child growth,
most likely due to malnutrition, while a similar link between
Giardia spp. infection and nutritional status, as evaluated by
anthropometric parameters in the Brazilian Amazon was
recently discovered.7 This co-infection could also explain why
B. hominis may be associated with impaired linear growth
among children. Co-detection of B. hominis with Cryptospo-
ridium spp. has also been observed in previous studies.37,38

Furthermore, Cryptosporidium spp. infection has been asso-
ciated with stunting in numerous cross-sectional studies and
a meta-analysis undertaken as part of the Global Burden of
Disease Study.39 Furthermore, prospective studies on three
continents (Africa, Asia, and South America) have shown that
Cryptosporidium spp. infection in infancy and early childhood
is a cause of stunting.39 We also observed an increase in the
prevalence of B. hominis infection in the presence STEC, of
another gut pathogen.40 Our analysis also exhibited that the
odds of B. hominis infection are higher in the presence of
ETEC, aEPEC, and tEPEC (organisms known for causing gut

infections and altered intestinal health).26,41 The presence
of the enteropathogenic E. coli (EPEC) genomic subtypes
tEPEC and aEPEC was similarly inversely related to child-
hood linear growth in an earlier MAL-ED investigation.26 Con-
versely, in the presence of norovirus and EAEC, the risk of
B. hominis infection decreases. This finding backs up prior
claims that B. hominis is an opportunistic organism.1

Limitation. We have primarily evaluated the association
between B. hominis and other pathogens in this study. The
causality of this association, however, has not been investi-
gated. Moreover, we have not measured sCD14 or any other
marker of barrier dysfunction. Future research should thus
concentrate on and take into account the aforementioned
criteria to validate the association.

CONCLUSION

When compared with other sites, we found that the inci-
dence rate of asymptomatic B. hominis infections was
greater in Tanzania, Peru, and South Africa. Furthermore,

FIGURE 2. Site-specific prevalence of stunting, wasting, and underweight by children’s age in months.
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our site-specific analyses in Bangladesh, India, Nepal, Peru,
South Africa, and Tanzania found a significant link between
B. hominis and childhood stunting. In conclusion, findings
from the present study imply that B. hominis has a potential
pathogenic role in gut health and negatively affects growth
development. Moreover, the pathogen appears to have
harmful functions in the presence of certain enteric patho-
gens well known for gut infection. As a result, we urge the
association of this ambivalent pathogen with growth failure
as well as other potentially harmful enteropathogens to
be investigated further, with a focus on the identification of
B. hominis subtypes.

Received October 15, 2022. Accepted for publication January 12,
2023.

Published online April 10, 2023.

Acknowledgments: We thank the Etiology, Risk Factors, and Interac-
tions of Enteric Infections and Malnutrition and the Consequences
for Child Health and Development Project (MAL-ED) as a collabora-
tive project supported by the Bill & Melinda Gates Foundation, the
Foundation for the National Institutes of Health, and the National
Institutes of Health, Fogarty International Center. We appreciate the
contributions made by the MAL-ED personnel, parents, and children.
The governments of Bangladesh, Canada, Sweden, and the United
Kingdom are all acknowledged for their unrestricted core support,
which is appreciated by the International Center for Diarrheal Disease
Research, Bangladesh. We sincerely thank these donors for their
generosity and commitment to the endeavors of the International
Center for Diarrheal Disease Research, Bangladesh. In this study, a
publicly accessible MAL-ED data set was analyzed.

Financial support: This work was supported, in whole or in part, by
the Bill & Melinda Gates Foundation (Grant no. OPP47075). Under
the grant conditions of the Foundation, a Creative Commons Attribu-
tion 4.0 Generic License has been assigned to the Author Accepted
Manuscript version that might arise from this submission.

Authors’ addresses: Barbie Zaman Wahid, Nutrition and Clinical
Services Division, International Centre for Diarrhoeal Disease Research,
Bangladesh, Dhaka, Bangladesh, and University of Nebraska-Lincoln,
Lincoln, NE, E-mail: bzamanwahid2@huskers.unl.edu. Md Ahshanul
Haque, Md. Amran Gazi, Abu Syed Golam Faruque, Mustafa Mahfuz,
and Tahmeed Ahmed, Nutrition and Clinical Services Division,
International Centre for Diarrhoeal Disease Research, Bangladesh,
Dhaka, Bangladesh, E-mails: ahshanul.haque@icddrb.org, amran.
gazi@icddrb.org, gfaruque@icddrb.org, mustafa@icddrb.org, and
tahmeed@icddrb.org. Shah Mohammad Fahim, Nutrition and Clinical
Services Division, International Centre for Diarrhoeal Disease Research,
Bangladesh, Dhaka, Bangladesh, and Cornell University, Ithaca, NY,
E-mail: mohammad.fahim@icddrb.org.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits
unrestricted use, distribution, and reproduction in any medium, pro-
vided the original author and source are credited.

REFERENCES

1. Fahim SM, Gazi MA, Hasan MM, Alam MA, Das S, Mahfuz M,
Rahman MM, Haque R, Sarker SA, Ahmed T, 2021. Infection
with Blastocystis spp. and its association with enteric infec-
tions and environmental enteric dysfunction among slum-
dwelling malnourished adults in Bangladesh. PLoS Negl Trop
Dis 15: e0009684.

2. Wawrzyniak I, Poirier P, Viscogliosi E, Dionigia M, Texier C, Del-
bac F, Alaoui HE, 2013. Blastocystis, an unrecognized para-
site: an overview of pathogenesis and diagnosis. Ther Adv
Infect Dis 1: 167–178.

3. Deng L, Wojciech L, Gascoigne NRJ, Peng G, Tan KSW, 2021.
New insights into the interactions between Blastocystis, the gut
microbiota, and host immunity. PLoS Pathog 17: e1009253.

4. Garavelli PL, Libanore M, 1990. Blastocystis in immunodefi-
ciency diseases. Rev Infect Dis 12: 158.

5. Roberts T, Stark D, Harkness J, Ellis J, 2014. Update on the
pathogenic potential and treatment options for Blastocystis
sp. Gut Pathog 6: 17.

6. Idris N, Dwipoerwantoro P, Kurniawan A, Said M, 2010. Intesti-
nal parasitic infection of immunocompromised children with
diarrhoea: clinical profile and therapeutic response. J Infect
Dev Ctries 4: 309–317.

7. Nematian J, Gholamrezanezhad A, Nematian E, 2008. Giardiasis
and other intestinal parasitic infections in relation to anthropo-
metric indicators of malnutrition: a large, population-based
survey of schoolchildren in Tehran. Ann Trop Med Parasitol
102: 209–214.

8. Checkley W, Buckley G, Gilman RH, Assis AM, Guerrant RL,
Morris SS, Mølbak K, Valentiner-Branth P, Lanata CF, Black
RE, 2008. Multi-country analysis of the effects of diarrhoea on
childhood stunting. Int J Epidemiol 37: 816–830.

9. Graczyk TK, Shiff CK, Tamang L, Munsaka F, Beitin AM, Moss
WJ, 2005. The association of Blastocystis hominis and Endoli-
max nana with diarrheal stools in Zambian school-age chil-
dren. Parasitol Res 98: 38–43.

10. MAL-ED Network Investigators, 2014. The MAL-ED study: a mul-
tinational and multidisciplinary approach to understand the
relationship between enteric pathogens, malnutrition, gut physi-
ology, physical growth, cognitive development, and immune
responses in infants and children up to 2 years of age in
resource-poor environments. Clin Infect Dis 59 (Suppl 4):
S193–S206.

11. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siek-
mann J, 2007. Development of a WHO growth reference for
school-aged children and adolescents. Bull World Health
Organ 85: 660–667.

12. Richard SA, Barrett LJ, Guerrant RL, Checkley W, Miller MA;
MAL-ED Network Investigators, 2014. Disease surveillance
methods used in the 8-site MAL-ED cohort study. Nephrol
Dial Transplant 59 (Suppl 4): S220–S224.

13. Das R, Jobayer Chisti M, Ahshanul Haque M, Ashraful Alam M,
Das S, Mahfuz M, Mondal D, Ahmed T, 2021. Evaluating
association of vaccine response to low serum zinc and vitamin
D levels in children of a birth cohort study in Dhaka. Vaccine
39: 59–67.

14. Das S, Alam MA, Mahfuz M, Arifeen SE, Ahmed T, 2019. Rela-
tive contributions of the correlates of stunting in explaining
the mean length-for-age z-score difference between 24-
month-old stunted and non-stunted children living in a slum of
Dhaka, Bangladesh: results from a decomposition analysis.
BMJ Open 9: e025439.

15. WHO, 2014. Progress on Sanitation and Drinking Water: 2014
Update. Geneva, Switzerland: World Health Organization.

16. Amour C et al., 2016. Epidemiology and impact of Campylobac-
ter infection in children in 8 low-resource settings: results from
the MAL-ED study. Clin Infect Dis 63: 1171–1179.

17. Kosek M et al., 2014. Assessment of environmental enteropathy
in the MAL-ED cohort study: theoretical and analytic frame-
work. Clin Infect Dis 59 (Suppl 4): S239–S247.

18. Kosek MN, 2017. Causal pathways from enteropathogens to
environmental enteropathy: findings from the MAL-ED birth
cohort study. EBioMedicine 18: 109–117.

19. Liu J et al., 2014. Development and assessment of molecular
diagnostic tests for 15 enteropathogens causing childhood
diarrhoea: a multicentre study. Lancet Infect Dis 14: 716–724.

20. Rogawski ET et al., 2018. Use of quantitative molecular diagnos-
tic methods to investigate the effect of enteropathogen infec-
tions on linear growth in children in low-resource settings:
longitudinal analysis of results from the MAL-ED cohort study.
Lancet Glob Health 6: e1319–e1328.

21. Liu J et al., 2016. Optimization of quantitative PCR methods for
enteropathogen detection. PLoS One 11: e0158199.

22. Psaki SR et al.; MAL-ED Network Investigators, 2014. Measuring
socioeconomic status in multicountry studies: results from the
eight-country MAL-ED study. Popul Health Metr 12: 8.

23. Beyhan YE, Yilmaz H, Cengiz ZT, Ekici A, 2015. Clinical signifi-
cance and prevalence of Blastocystis hominis in Van, Turkey.
Saudi Med J 36: 1118–1121.

SITE-SPECIFIC INCIDENCE RATE OF BLASTOCYSTIS HOMINIS 893

mailto:bzamanwahid2@huskers.unl.edu
mailto:ahshanul.haque@icddrb.org
mailto:amran.gazi@icddrb.org
mailto:amran.gazi@icddrb.org
mailto:gfaruque@icddrb.org
mailto:mustafa@icddrb.org
mailto:tahmeed@icddrb.org
mailto:mohammad.fahim@icddrb.org
https://creativecommons.org/licenses/by/4.0/


24. Deng Y et al., 2020. Molecular epidemiology and risk factors of
Blastocystis sp. infections among general populations in Yun-
nan Province, southwestern China. Risk Manag Healthc Policy
13: 1791–1801.

25. Palit P, Das R, Haque MA, Nuzhat S, Khan SS, Siddiqua TJ,
Mahfuz M, Faruque ASG, Ahmed T, 2022. Risk factors for
enterotoxigenic Bacteroides fragilis infection and association
with environmental enteric dysfunction and linear growth in
children: results from the MAL-ED study. Am J Trop Med Hyg
106: 915–922.

26. Das R, Palit P, Haque MA, Mahfuz M, Faruque ASG, Ahmed T,
2022. Site specific incidence rate of genomic subtypes of
enteropathogenic Escherichia coli and association with enteric
inflammation and child growth. Sci Rep 12: 5724.

27. Das R, Palit P, Haque MA, Mahfuz M, Faruque ASG, Ahmed T,
2021. Site specific incidence rate of virulence related genes of
enteroaggregative Escherichia coli and association with enteric
inflammation and growth in children. Sci Rep 11: 23178.

28. El Safadi D et al., 2016. Prevalence, risk factors for infection and
subtype distribution of the intestinal Parasite Blastocystis sp.
from a large-scale multi-center study in France. BMC Infect
Dis 16: 451.

29. Hanieh S et al., 2021. Enteric pathogen infection and conse-
quences for child growth in young Aboriginal Australian chil-
dren: a cross-sectional study. BMC Infect Dis 21: 9.

30. Logar J, Andlovic A, Polj�sak-Prijatelj M, 1994. Incidence of
Blastocystis hominis in patients with diarrhoea. J Infect 28:
151–154.

31. Huston CD, 2021. Intestinal protozoa. Feldman M, Friedman LS,
Brandt LJ, eds. Sleisenger and Fordtran's Gastrointestinal and
Liver Disease. New York, NY: Elsevier, 1834–1846.

32. Boorom KF et al., 2008. Oh my aching gut: irritable bowel syn-
drome, Blastocystis, and asymptomatic infection. Parasit Vec-
tors 1: 40.

33. Rajamanikam A, Govind SK, 2013. Amoebic forms of Blasto-
cystis spp.: evidence for a pathogenic role. Parasit Vectors
6: 295.

34. Kantor M, Abrantes A, Estevez A, Schiller A, Torrent J, Gascon
J, Hernandez R, Ochner C, 2018. Entamoeba histolytica:
updates in clinical manifestation, pathogenesis, and vaccine
development. Can J Gastroenterol Hepatol 2018: 4601420.

35. Mondal D, Petri WA Jr, Sack RB, Kirkpatrick BD, Haque R,
2006. Entamoeba histolytica-associated diarrheal illness is
negatively associated with the growth of preschool children:
evidence from a prospective study. Trans R Soc Trop Med
Hyg 100: 1032–1038.

36. Hamdy DA, Abd El Wahab WM, Senosy SA, Mabrouk AG, 2020.
Blastocystis spp. and Giardia intestinalis co-infection profile in
children suffering from acute diarrhea. J Parasit Dis 44: 88–98.

37. Betts EL, Gentekaki E, Tsaousis AD, 2020. Exploring micro-
eukaryotic diversity in the gut: co-occurrence of Blastocystis
subtypes and other protists in zoo animals. Front Microbiol
11: 288.

38. Fayer R, Santin M, Macarisin D, 2012. Detection of concurrent
infection of dairy cattle with Blastocystis, Cryptosporidium,
Giardia, and Enterocytozoon by molecular and microscopic
methods. Parasitol Res 111: 1349–1355.

39. Ashigbie PG, Shepherd S, Steiner KL, Amadi B, Aziz N, Manju-
natha UH, Spector JM, Diagana TT, Kelly P, 2021. Use-case
scenarios for an anti-Cryptosporidium therapeutic. PLoS Negl
Trop Dis 15: e0009057.

40. Klein EJ, Stapp JR, Clausen CR, Boster DR, Wells JG, Qin X,
Swerdlow DL, Tarr PI, 2002. Shiga toxin-producing Escheri-
chia coli in children with diarrhea: a prospective point-of-care
study. J Pediatr 141: 172–177.

41. Zhang Y, Tan P, Zhao Y, Ma X, 2022. Enterotoxigenic Escheri-
chia coli: intestinal pathogenesis mechanisms and colonization
resistance by gut microbiota. Gut Microbes 14: 2055943.

ZAMAN WAHID AND OTHERS894


	Site-Specific Incidence Rate of Blastocystis hominis and Its Association with Childhood Malnutrition: Findings from a Multi-Country Birth Cohort Study
	Authors

	TROPMED220662_proof.pdf

