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Objectives: The effects of antibiotics on the microbiome remain incompletely understood. Azithromycin
(AZ) has been shown to improve child survival and infant growth outcomes. This study aimed to assess
the impact of AZ on Bifidobacterium infantis colonization and bacterial enteropathogen count in the infant
gut.

Methods: We analyzed clinical, biomarker, B. infantis and enteropathogen data from 150 mother-infant
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dyads from the MUMTA Lactating Women study. Colonization of B. infantis was assessed using quantita-
tive polymerase chain reaction (PCR) of fecal samples. We utilized a customized PCR-based TagMan Array
Card for enteropathogen detection.

Results: AZ administration was associated with a 1.99-fold (95% confidence intervals [CI] 1.33-2.97) in-
crease in colonization by B. infantis. B. infantis colonization was highest when inflammatory biomarker
levels were within normal range. Mode of delivery (RR 2.43; 95% CI: 1.58, 3.76) and colostrum (RR2.05;
95% CI: 1.41, 2.98) given to the infant within 24 h of birth were associated with B. infantis colonization. A
single dose of AZ on day 42 reduced bacterial enteropathogen count in the AZ group on day 56, as com-
pared to the pre-AZ count. Bacterial enteropathogen count for infants with wasting (weight for length
z-score WLZ <-2) was 1.43-fold higher (95% CI: 1.00-2.03) than for infants with WLZ > —2. Over 60% of
infants harbored with the macrolide resistance mph(A) gene

Conclusion: AZ administration increases B. infantis colonization and reduces bacterial enteropathogen
count in infants.

© 2025 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Azithromycin (AZ) is an effective macrolide antibiotic in the
World Health Organization (WHO) framework for improving child
survival. Recently, the WHO issued guidelines [1] on the mass drug
administration (MDA) of AZ for distribution to communities with
high infant mortality. AZ has been used in children in Sub Saharan
Africa for treatment of trachoma and yaws [2], and in newborns to
reduce infection related morbidity and mortality [3].
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Bifidobacterium Longum subspecies infantis (B. infantis) coloniza-
tion in the infant gut is a primary signature of a healthy micro-
biome. B. infantis is highly prevalent in the infant gut, particu-
larly in breastfed infants. In countries where breastfeeding rates
are high (such as Bangladesh), the prevalence of B. infantis colo-
nization is over 60% [4]. Conversely, in countries where breastfeed-
ing rates are low (such as the USA), the prevalence of B. infantis
colonization can be as low as 0% [4]. The major contribution of
B. infantis in the infant gut is the metabolic breakdown of human
milk oligosaccharides (HMOs) and conditioning of the infant’s im-
mune system [5].

Disturbances in microbiota composition and diversity (i.e., dys-
biosis) have been implicated in several diseases, as well as mal-
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nutrition, Environmental Enteric Dysfunction (EED), and stunted
growth. Few studies have assessed the impact of AZ on gut mi-
crobiota in infants. A recent review identified five randomized con-
trolled trials from Niger, Burkina Faso, and India that examined the
short-term effects of prophylactic MDA-AZ on gut microbiota [6].
These studies found that AZ was associated with a decrease in the
a-diversity index and a reduction in pathogens from the Campy-
lobacter and Enterobacteriaceae families.

In this sub-study of infants from the Mumta trial [7], we as-
sessed the short-term impact of one prophylactic dose of AZ given
to infants at 42 days postbirth on B. infantis colonization and bac-
terial count 2 weeks later (56 days postbirth). We also assessed the
influence of other factors (such as mode of delivery and biomark-
ers of anemia and inflammation) on the colonization of B. infantis.
Results of this analysis could provide clues to the mechanism of
action of AZ, along with the health benefits observed after AZ ad-
ministration in malnourished infants.

Methodology
Study design and intervention

The Mumta trial has been described in detail previously [7].
Briefly, Mumta was a randomized controlled trial conducted be-
tween 2018 and 2020 in 3 peri-urban communities of Karachi. It
was a 3-arm, open-label, assessor-blinded trial with a treatment
allocation ratio of 1:1:1 (n = 957).

Mothers randomized to the first (control) arm received coun-
seling on lactation, nutrition, infant immunization, and health pro-
motion plus iron-folate supplementation until the infant was 6
months of age. Mothers randomized to the second arm received
counseling, as well as two 75-g sachets of BEP per day starting
from the time of enrollment until the infant was 6 months of age.
In the third arm, mothers received the same counseling and BEP
sachets, and the infant received 1 dose of prophylactic oral AZ (at
20 mg/km) at 42 days of life, with a window period of +7 days
(BEP plus AZ arm).

From this sample, a random subsample of 50 mothers per arm
enrolled in the sub-study. The random selection of mothers was
carried out using block randomization with a block size of 6.

Study outcomes and measurement

The blood biomarkers C-reactive protein (CRP), alpha-1 acid gly-
coprotein (AGP), hemoglobin, ferritin (FER), and soluble transferrin
receptor (sTfR) were measured. Stool samples were assessed for
biomarkers myeloperoxidase (MPO), fecal calprotectin (CALPR) and
lipocalin-2 (LCN-2), presence of enteropathogens and presence of
Bifidobacteria subspecies infantis and longum.

The primary objective of the study was to determine the asso-
ciation between AZ and B. infantis colonization. The main outcome
was the colonization of B. infantis in the infant’s stool (yes/no),
measured at 56 days since birth (post-AZ) by quantitative poly-
merase chain reaction. Bifidobacterium 16S rDNA copy numbers
(per gram of stool) were measured with a cycle threshold (CT) of
34 (CT <34 was taken to indicate that Bifidobacterium was present).
Several covariates were considered: place and mode of delivery,
baseline mother and infant anthropometric measures, colostrum
(given to infant within 24 h of birth, antibiotics given to infant (not
as part of the trial), and biomarkers measured at the 56-day time-
point.

The secondary objective was to compare bacterial count in in-
fants by treatment arm. The main outcome variable was the bac-
terial count post-AZ. Enteropathogen detection was done using
a customized TagMan Array Card (TAC), previously described in
detail [8]. The enteric pathogen panel includes viruses, bacteria,
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helminths, and antimicrobial resistance genes (ARGs). A CT of 34
was applied to indicate the presence (CT < 34) of enteropathogens.
The same covariates were considered in this analysis. ARGs were
also compared by treatment arm.

Statistical analysis

All analyses were done using STATA version 17.0, developed by
Stata Corp LLC, located in College Station, Texas, USA [9]. For all
categorical participant characteristics (such as infant gender and
mode of delivery), frequencies and percentages were computed.
For quantitative variables (such as infant weight at baseline), mean
and standard deviations were computed. Median and interquartile
ranges were calculated for biomarkers. Due to the skewed distri-
butions of most biomarkers, four quartiles were generated for each
biomarker (q1: 0-25th percentile; q2: 25th-50th quartile; q3: 50th-
75th quartile; q4: 75th-100th percentile). The biomarkers were
considered categorical predictors, and the lowest quartile (q1) was
used as the reference group. WHO criteria for infant growth were
used to calculate z-scores, which were assessed as both contin-
uous and categorical predictors. Underweight was categorized as
weight-for-age z-score (WAZ) <—2 SD. Stunting was categorized as
length for age z-score <—2 SD. Wasting was categorized as weight
for length z-score (WLZ) <—2 SD. Maternal body mass index was
categorized using WHO criteria as underweight <18.5 and normal
weight >18.5. Mid-upper arm circumference was categorized as
<21 cm and >21 cm. Maternal age was categorized as a dichoto-
mous predictor (<30 years and >30 years).

The chi-square statistical test was used to infer differences
across categorical covariates (such as mode of delivery) in the
three arms. One-way ANOVA was used to infer differences across
continuous covariates (such as length of infant) and the Kruskal-
Wallis test was used to assess differences between biomarkers in
the three arms. Spearman correlations were estimated for infant
and maternal biomarkers at day 56 (post-AZ).

The Cox proportional algorithm was used to estimate the asso-
ciation between a single dose of AZ and colonization of B. infantis
(yes/no). We utilized a backward stepwise regression approach to
identify the most significant predictors. Covariates were iteratively
removed based on their P-values, starting with the least significant
covariate. A significance level of 0.05 was used as the threshold for
retaining covariates in the model. After each elimination step, the
model was re-evaluated to ensure that the proportional hazards
assumption was not violated and that the model adequately fit the
data. Due to the presence of extreme values in biomarker data,
as well as anthropometric measurements, adjustment through ro-
bust regression was applied. Interpretations were based on statis-
tical significance as well as biological plausibility. The final model
significance was checked through the model likelihood ratio and
P-value (<0.05).

For the secondary objective, 26 bacterial targets from TAC were
included (Table S1). The total number of bacterial targets in each
infant sample was counted to create a linear variable. A general-
ized linear model (negative binomial regression) was then used to
model the bacterial count as the dependent variable.

Similar to the Cox Proportional Algorithm model building
strategies, a backward stepwise regression approach was used to
identify the most significant predictors. Incidence rate ratios and
95% confidence intervals (CI) were calculated for each covariate in
the final model.

Results
A total of 50 infants from each arm were included in this anal-

ysis (Figure 1). The infants in the three trial arms were similar in
baseline anthropometric measures, maternal and clinical character-
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Figure 1. Flowchart of participants in MUMTA Lactating Woman sub-study.

istics (such as mode of delivery and feeding patterns) (Table 1). In
the present analysis, 84 (56%) of the infants were female. The av-
erage gestational age at birth was 39.1 + 1.5 weeks, and the pro-
portion of preterm births was 33 out of 150.

A total of 22 of 150 infants (14.7%) had moderate-to-severe
stunting (9 infants of the 22 were in the AZ arm), 27 of 150 (18%)
had moderate-to-severe wasting (8 infants of the 27 were in the
AZ arm).

Among feeding practices, breastfeeding postdelivery was evalu-
ated by colostrum given to the infant within 2 hours of birth (“im-
mediate”) or more than 2 hours after birth (“delayed”). The median
time of breastfeeding was 2 h postbirth, with greater than 90%
of mothers breastfeeding the newborn in all three groups. Inter-

estingly, 62% reported giving the infant prelacteal feeds, the most
common being honey (40%), tea (27%), formula milk (17%), Ghutti
(13%), water (6%), and glucose water (6%).

The prevalence of B. infantis (primary outcome) in the 150 in-
fants was 81.3%. The prevalence of B. infantis in the AZ arm was
92%, significantly higher than in the non-AZ arms (P = 0.02).

Descriptive analysis of mother and infant biomarker data

Median values with a range of biomarker levels after AZ ad-
ministration are presented in Table 2 by treatment arm and overall
numbers. In this sub-sample, maternal sTfR was significantly lower
in Arm 3 (P = 0.005). Post-AZ, median CALPR and MPO levels in
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Table 1

Baseline anthropometric measurements and feeding practices by treatment arm.
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Variable Total N = 150 Control arm (n = 50)  BEP alone arm (n = 50)  BEP plus AZ arm (n = 50)
Female n (%) 84 (56) 29 (58) 24 (48) 31 (62)
Male n (%) 66 (44) 21 (42) 26 (52) 19 (38)
Gestational age (weeks) (mean &+ SD)  39.1 £ 1.5 393+ 15 389+ 1.6 389+ 15
Preterm <37 weeks gestation n (%) 33 (22) 7 (14) 13 (30) 11 (22)
Baseline infant anthropometry (mean + SD)
Weight (g) 2792.1 + 409.4  2749.7 + 4349 2853.5 + 3874 2773.2 + 405.6
Length (cm) 483 + 1.8 482 + 1.9 48.6 + 1.7 482 + 1.9
MUAC (cm) 9.4 +£ 0.8 9.3 £ 0.7 9.5+ 0.8 9.5 £ 0.7
OF head circumference (cm) 331 +£1.2 328 £ 1.1 333+13 332 +13
Infant clinical characteristics n (%)
Stunting (LAZ <-2) 22 (14.7) 10 (20) 3(6) 9 (18)
Wasting (WLZ <—2) 27 (18) 11 (22) 8 (16) 8 (16)
Underweight (WAZ <-2) 32 (21.3) 13 (26) 7 (14) 12 (24)
Maternal characteristics
Age <30 years n (%) 124 (83) 40 (80) 37 (74) 47 (94)
Age >30 years n (%) 26 (17) 10 (20) 13 (26) 3(6)
Height (cm) mean + SD 152.4 +£ 5.8 152.8 £5.3 1514 £ 5.7 152.8 £ 6.3
BMI mean + SD 19.8 £ 1.7 194 £ 14 202 £ 1.7 197 £ 1.9
Place of delivery n (%)
Hospital/clinic 111 (74) 13 (26) 12 (24) 14 (28)
Home 39 (26) 37 (74) 38 (76) 36 (72)
Mode of delivery n (%)

Vaginal 126 (63) 46 (92) 40 (80) 40 (80)
C-section 24 (37) 4(8) 10 (20) 10 (20)
Total # of pregnancies mean + SD 3.1 +£21 3.0+ 20 3.6 £ 2.8 26 £ 14

Feeding practices
Colostrum postdelivery n (%)
<2 h of birth 82 (55) 8 (16) 13 (26) 9 (18)
>2 h of birth 68 (45) 42 (84) 37 (74) 41 (82)
Prelacteal feed n (%) yes 93 (62) 32 (64) 29 (58) 32 (64)
No 57 (38) 18 (36) 21 (42) 18 (16)
EBF compliance n (%) yes 135 (90) 42 (84) 45 (90) 48 (96)
No 15 (10) 8 (16) 5(10) 2 (4)
Drinking boiled water n (%) yes 30 (20) 8 (16) 13 (26) 9 (18)
No/sometimes 120 (80) 42 (84) 37 (74) 41 (82)
Bifidobacterium infantis colonization n (%)
Yes 122 (81.3) 41 (82) 35 (70) 46 (92)
No 28 (18.7) 9 (18) 15 (30) 4 (8)

BMI, body mass index; EBF, exclusive breastfeeding; LAZ, length for age z-score; MUAC, mid-upper arm circumference; OF, occipital-frontal; WAZ,
weight for age z-score; WLZ, weight for length z-score.

Table 2

Descriptive analysis of stool and systemic biomarkers taken at day 56 postbirth (post-AZ) of mother and infant by treatment arm.
Biomarker median (range)  Total N = 150 Control arm (n = 50) BEP alone arm (n = 50) BEP plus AZ arm (n = 50) P-value
Maternal stool
CALPR (pg/gm) 4.0 (1.5-10.8) 5.8 (1.7-13.5) 3.5(1.2-7.9) 3.6 (1.6-11.0) 0.3
LCN2 (ng/gm) 286.7 (90.0-834.2) 451.7 (151.3-1692.4) 203.2 (58.8-589.9) 233.9 (87.7-473.1) 0.1
MPO (ng/mL) 416.3 (86.7-2490.5) 540.1 (93.9-2577.5) 242.1 (75.0-2220.5) 412.0 (86.4-2155.5) 0.6
Maternal systemic
Hgb (gm/dL) 12.3 (11.5-12.9) 12.2 (11.2-12.8) 12.3 (11.7-12.8) 12.4 (11.4-13.1) 0.6
FER (ng/mL) 52.9 (23.9-115.9) 50.2 (19.7-86.1) 52 (31.0-119.5) 62.8 (30.1-181.3) 0.1
sTfR (mg/L)? 3.8 (2.6-5.4) 4.3 (3.1-6.5) 3.2 (2.3-4.9) 3.4 (2.4-4.3) 0.005%
CRP (mg/dL) 0.1 (0.06-0.29) 0.1 (0.06-0.31) 0.1 (0.06-0.24) 0.1 (0.04-0.33) 0.8
AGP (mg/dL) 86.5 (74-108) 86 (74-108) 90.5 (72-108) 86.5 (76-111) 0.9
Infant stool
CALPR (pg/gm)? 38.7 (16.7-87.7) 56.1 (31.5-126.3) 34.6 (7.5-81.5) 24.6 (12-56.4) 0.005%
LCN2 (ng/gm) 11,696.9 (7828.3-17,731.4)  11,502.9 (7793.3-16,040.2)  11,879.3 (7974-20,860.8)  11,802.7 (7717.4-17,510.1) 0.5
MPO (ng/mL) 4620.8 (785.2-13,817.5) 4419 (1208.5-1397.6) 6237.7 (2260.5-1707.1) 2234.2 (764.8-5855) 0.06
Infant systemic
Hgb (gm/dL) 10.9 (10.2-11.8) 10.9 (10.2-11.8) 10.7 (10.1-11.6) 10.8 (10.3-11.9) 0.7
FER (ng/mL) 295.2 (191.9-394) 342.5 (200.2-532.3) 291.1 (191.8-375.7) 274.5 (194.1-331.7) 0.1
sTfR (mg/L) 3.1 (2.6-3.9) 3.1 (2.6-3.8) 3.1 (2.6-3.6) 3.1 (2.8-4) 0.4
CRP (mg/dL) 0.07 (0.03-0.16) 0.08 (0.04-0.15) 0.06 (0.03-0.2) 0.07 (0.03-0.3) 0.7
AGP (mg/dL) 63 (44-82) 70.5 (48-94) 54 (41-78) 60.5 (45-82) 0.09

AGP, alpha glycoprotein-1; CALPR, fecal calprotectin; CRP, C-reactive protein; FER, ferritin; Hgb, hemoglobin; LCN2, lipocalin-2; MPO, myeloperoxidase; sTfR, soluble
transferrin receptor.
2 P-value <0.05. Kruskal Wallis test was used to compare medians of biomarker levels.
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Table 3

Factors associated with Bifidobacterium infantis colonization in infants post-AZ.
Variable Adjusted IRR (robust SE)  IRR 95% CI P-value
Treatment arm (BEP plus AZ vs Control) 1.99 (0.41) (1.33,2.97) 0.001
Infant LCN-2 3 ng/gm (Q3: 11,696.9-17,731 vs Q1: <7828.3) 0.51 (0.12) (0.31,0.81)  0.005
Infant MPO ng/mL (Q3: 4620.8-13,817.5 vs Q1: <785.2) 2.12 (0.57) (1.25,3.60)  0.005
Infant MPO (Q2: 785.2-4620.8 vs Q1: <785.2) 2.84 (0.73) (1.72, 469)  <0.001
Maternal sTfR (Q3: 3.7-4.6 mg/L vs Q1: <2.8 mg/L) 0.62 (0.13) (0.41,0.96) 0.03
Maternal sTfR (Q4: >4.6 mg/L vs Q1: <2.8 mg/L) 0.53 (0.14) (0.31,091) 0.02
Colostrum (given to infant within 24 h of birth vs after 24 h of birth)  2.05 (0.39) (1.41, 2.98) <0.001
Mode of delivery (vaginal vs C-section) 2.43 (0.54) (1.58, 3.76) <0.001

Variables maternal biomarkers (FER, Hb, AGP, CALPR, LIPO, CRP, and MPO), infant biomarkers (FER, Hb, StfR, AGP, CALPR, CRP),
place of delivery, and antibiotic prescribed to infant due to illness during the study were initially included in the model but were
removed during the backward selection process due to nonsignificance.

infants were lower in the AZ treatment arm as compared to the
other groups (P = 0.005 and P = 0.06, respectively).

Impact of AZ on B. infantis colonization in infants at day 56
postbirth

Adjusted RR with 95% CI for variables predicting B. infantis col-
onization of the infant’s gut after AZ are shown in Table 3. The
most important infant predictors were exposure to AZ, infant MPO,
and LCN-2 levels. In infants who were given a single dose of AZ, B.
infantis colonization was 1.99 times higher as compared to those
who were not (95% CI 1.33-2.97). In infants with MPO in the sec-
ond quartiles (785.2-4620.75 ng/mL) B. infantis colonization was
2.84 times (95%Cl 1.72-4.69) higher as compared to the reference
(first quartile). Elevated LCN-2 levels were associated with 49% re-
duction in B. infantis colonization (95% CI 0.31-0.81).

The most significant maternal biomarker predictor of infant B.
infantis colonization was sTfR.

In infants whose mothers had elevated sTfR (>5.4 mg/L, indi-
cating significant anemia), B. infantis colonization was reduced by
38% (adjusted RR 0.62; 95% CI: 0.41-0.96) as compared to infants
whose mothers had normal sTfR.

Our results show 2.05-fold increase in B. infantis colonization in
infants who received colostrum within 24 h of birth, as compared
to infants who did not (95% CI: (1.41, 2.98). Vaginal delivery was
associated with 2.43-fold increase (95% CI: 1.58, 3.76) in odds of B.
infantis colonization, as compared to C-section delivery (Table 3).

Place of delivery, maternal age, and anthropometric measures
were not found to be associated with B. infantis colonization of the
infant gut.

Effect of AZ on bacterial count in infants at day 56 postbirth

From the 26 bacteria targets on the TAC card, the mean bacte-
rial count per infant sample was 1.8 + 1.7. The highest number
of bacteria was 7 (3 infants, 2 in arm 1, and 1 in arm 3), and
the lowest was 0 (48 infants, 16 in each arm). For every bacte-
ria increase in the mother’s stool, the bacterial count in the in-
fant increased by 20% (95% CI: 1.10-1.30). The highest quartile of
infant MPO (>13,817 ng/mL) was associated with high bacterial
count. The bacterial count for infants with WLZ <-2 (infants with
wasting post-AZ) was 1.43 times the bacterial count for infants
with WLZ >-2 (95% CI: 1.00-2.03). Maternal biomarkers, place and
mode of delivery, and concomitant antibiotic use (other than AZ in
the treatment arm) were not associated with bacterial count in in-
fants.

ARGs in infant at day 56 (post-AZ)

The TAC cards were customized to detect 6 antimicrobial genes
(ARGs), two from the beta-lactamase CTX M family (ctx_M_1_2_9

and ctx_M_8_25), two from the Escherichia coli/Shigella fluoro-
quinolone resistance genes family (ShEgyrA83L and ShEparC80I),
one Campylobacter fluoroquinolone resistance (Campy2352075A)
and the macrolide resistance gene mph(A). The prevalence of CTX-
M type extended-spectrum fB-lactamases in this sample of 150 in-
fants was 91.3% (Table S2). The prevalence of mph(A) gene was
68.7% in this cohort. The prevalence of the fluoroquinolone resis-
tance gene with gyr mutation was 66.7%. There was no difference
between the ARG carriage between infants given AZ and those who
were not given AZ.

Discussion

This study provides epidemiological evidence for the role of
AZ in modulating infant infection, inflammation, and growth. Our
findings demonstrate that AZ alters the infant microbiome, as ev-
idenced by a 2-fold increase in B. infantis colonization, and a re-
duction in bacterial enteropathogen burden. Additionally, infants
who received AZ showed reduced levels of inflammatory biomark-
ers, such as MPO. Elevated LCN-2 levels (a marker of enhanced in-
flammation [10]) were associated with a 49% reduction in B. infan-
tis colonization (Table 3). These findings underscore the complex
interplay between microbiota, inflammation, and antibiotic treat-
ment in early life.

Our study found that a single prophylactic dose of AZ signifi-
cantly increased B. infantis colonization and reduced bacterial en-
teropathogen burden. This dual effect contrasts with prior studies,
such as Wei et al. [11] who reported reduced microbiome diver-
sity and Bifidobacterium spp. levels following a 3-day AZ course in
Danish children 12-36 months old. However, the specific species
affected were not identified. The discrepancies may stem from dif-
ferences in dosage, timing, and age of administration. Similarly,
long-term effects of biannual AZ treatment in Niger [12,13] showed
reductions in microbiome richness and diversity, particularly of
pathogenic species like Campylobacter spp. By contrast, our find-
ings suggest that a single dose of AZ may have a more nuanced
impact, increasing B. infantis colonization while simultaneously re-
ducing pathogenic bacterial load. Within the AZ group, bacterial
counts significantly decreased postadministration compared to pre-
treatment levels (Table 4), consistent with Parker et al.’s [14] find-
ings in Indian infants, where AZ reduced enteropathogen load after
prophylactic AZ. These results support the efficacy of AZ in reduc-
ing pathogenic bacterial burden, potentially disrupting the cycle of
inflammation-driven pathogen proliferation [15].

In vivo studies suggest AZ influences human innate immune
pathways by reducing Neutrophil Extracellular Traps (NETs) forma-
tion [16], MPO, a key enzyme in NET formation, generates reactive
oxygen species (ROS) and drives oxidative stress and inflammation
[17]. AZ reduces NET release by modulating neutrophil activation,
decreasing ROS production, and downregulating pro-inflammatory
cytokines like IL-18 and TNF-«. Consistent with these mechanisms,
we observed significant reductions in MPO levels post-AZ admin-
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Mean number of bacterial pathogens detected in infant stool by treatment arm pre-AZ and post-AZ.

Study arm Bacterial pathogen count pre-AZ (mean + SD) Bacterial pathogen count post-AZ (mean + SD) P-value (difference in mean pathogen

count pre and post-AZ)?

Control 1.84 + 1.89 1.92 + 1.94
BEP alone 1.66 + 1.56 1.76 + 1.56
BEP plus AZ 2.34 +£2.03 1.82 + 1.67
Total 1.83 + 1.72

0.7
0.8
0.01

One-way ANOVA was used to compare mean pathogen count by treatment arm. Pre-AZ P-value = 0.2 and post-AZ P-value = 0.9. Bartlett’s equal-variances test showed

variances to be equal (P = 0.3).

2 Paired t-test was used to compare the mean number of bacterial pathogens by treatment arm, using a one-sided test of hypothesis (mean pathogen count post-AZ <

mean pathogen count pre-AZ).

Table 5
Factors associated with bacterial count in infants post-AZ.

Variable Adjusted IRR (robust SE)  IRR 95% CI P-value
Maternal bacterial count 1.20 (0.05) (1.10, 1.30) <0.001
Bacterial count pre-AZ 1.36 (0.06) (1.25, 1.48) <0.001
Infant MPO (Q4 vs Q1) 1.50 (0.34) (1.00, 2.34)  0.05
Wasting WLZ (<-2) 1.43 (0.26) (1.00, 2.03) 0.05

Variables treatment arm, maternal biomarkers (FER, Hb, StfR, AGP, CALPR, LIPO, CRP
and MPO), infant biomarkers (FER, Hb, StfR, AGP, CALPR, LIPO, CRP), place and mode
of delivery, Bifidobacterium infantis colonization and antibiotic prescribed to infant
due to illness during the study were initially included in the model but were re-
moved during the backward selection process due to nonsignificance.

istration (Figure S1), which likely contributed to mitigating inflam-
mation.

Elevated MPO levels were associated with higher bacterial en-
teropathogen counts (Table 5), suggesting that persistent inflam-
mation may foster pathogen overgrowth while compromising ben-
eficial microbes like B. infantis.

In a recent analysis of the MAL-ED study, McCormick et al. [18]
demonstrated that breast milk intake was associated with an in-
crease in MPO levels. This rise can be attributed to the known
probiotic effect of B. infantis in triggering cytokine release and pro-
inflammatory responses [19]. This key function of Bifidobacterium
strains helps to instruct and condition the infant’s immune sys-
tem, thus maintaining health benefits throughout the years [20].
During normal immune function, the body’s inflammatory markers,
like MPO, rise in moderation. When there is a shift from normality
(in cases of persistent infection, inflammation, or malnutrition), the
body’s inflammatory markers can rise significantly. In our study, B.
infantis colonization was associated with moderate levels of MPO,
but not with the highest quartile of MPO, reflecting the delicate
balance between microbial colonization and inflammation.

Correlations between infant MPO, LCN-2, and CALPR reinforce
their utility as noninvasive biomarkers of intestinal inflammation,
such as in EED [21,22]. Among infant biomarkers, there was a
highly significant (P < 0.001) positive correlation between infant
CRP and AGP, MPO, and LCN-2, and finally, MPO and CALPR (Table
S3). The correlation between infant MPO and LCN-2 (Spearman’s
rho 0.43) and MPO and CALPR (Spearman’s rho 0.30, P < 0.001)
corroborates previous studies [23]. As expected, inverse correla-
tions were noted between FER and sTfR, as well as for Hb and sTfR
(P < 0.001).

Infant CALPR was weakly associated with maternal CALPR, LCN-
2, and sTfR (Spearman’s rho 0.2; P < 0.05) (Table S4). CALPR and
LCN-2 are well-established markers of intestinal inflammation and
microbial dysbiosis. Elevated levels of these markers reflect shifts
in the gut microbiota and localized inflammatory responses. Their
measurement in both maternal and infant stool provides an op-
portunity to study shared microbiome signatures, likely influenced
by vertical transmission pathways such as delivery mode, breast-
feeding, and close maternal-infant contact during early life. Un-
derstanding these associations is crucial, as they offer insights into
how maternal microbiome characteristics and inflammatory states

may shape the infant’s gut microbiome and impact early health
outcomes.

Our study identified a significant association between wast-
ing (WLZ <-2) and higher bacterial enteropathogen counts post-
AZ treatment. This is consistent with prior research linking
gut microbiome dysbiosis to growth faltering in childhood [24].
Moreover, this analysis was adjusted for concomitant antibiotic
use, maternal biomarkers, place, and mode of delivery. Elevated
maternal soluble transferrin receptor (sTfR) levels (>3.7 mg/L), in-
dicative of iron deficiency, were associated with reduced B. infantis
colonization in infants (Table 3). Vertical transmission of bifidobac-
teria from the mother (vagina, GI tract, or breast milk) has been
demonstrated [25]. B. infantis predominantly thrives in breast-
fed infants due to its specific ability to breakdown human milk
oligosaccharides (HMO) [26]. Maternal iron deficiency could indi-
cate poor maternal health and nutrition and compromised quan-
tity or quality of breast milk. A reduction in HMOs would likely
reflect a reduced colonization of B. infantis in infants. Furthermore,
our analysis revealed a strong association between maternal and
infant bacterial counts, even at 2 months postpartum, regardless
of delivery mode, place of birth, or exclusive breastfeeding prac-
tices (Table 5). This underscores the role of both vertical and en-
vironmental transmission in shaping the infant gut microbiota. Fu-
ture Mumta sub-studies aim to assess the effect of maternal food
intake and BEP supplements on metabolomic profiles (e.g., breast
milk nutrient composition).

In our study of 150 infants, we found no difference between
AMR gene carriage by treatment arm (Table S2). An important
finding was the high prevalence, 60%, of antimicrobial resistance
(AMR) genes, particularly mph(A), which encodes a macrolide 2’-
phosphotransferase enzyme conferring resistance to AZ [27]. In
mph(A) gene carriage between the groups suggests that resistance
may result from horizontal gene transfer (HGT) rather than direct
antibiotic exposure [28]. While HGT is a plausible explanation, ver-
tical transmission, and environmental factors may also play signif-
icant roles. Genomic studies are needed to elucidate the mecha-
nisms underlying AMR gene dissemination.

There are several notable implications of this study. The focus
on understanding the role of AZ in B. infantis colonization in Pak-
istani infants is both timely and judicious, given mounting evi-
dence from around the world on numerous beneficial health out-
comes conferred through early colonization by this subspecies. In
the Mumta primary analysis, we found that postnatal maternal BEP
supplementation and infant AZ administration could modestly im-
prove infant growth outcomes at 6 months [29]. This sub-study
adds a piece to the puzzle of AZ-related microbiome perturbations
and growth. We report MPO levels can signal important shifts in
bacterial populations. Further, we show no difference in AMR car-
riage, of particular interest the mph(A) gene, by treatment arm.
Our study contributes important data for the WHO guidelines for
the prophylactic use of AZ for the prevention of childhood infec-
tions and mortality.

There are some important limitations of this analysis. Our anal-
ysis on bacterial count was not stratified by enteropathogen family.



A. Pasha, N.T. Igbal, Y. Shafiq et al.

We cannot tell which bacteria were affected by a single dose of AZ.
Of the 150 mother-infant pairs randomly selected for biomarker
and enteropathogen detection, we did not exclude anyone based
on existing infections, illnesses, or current use of antibiotics. This
information was, however, carefully recorded in the data collection
forms, and adjusted for in the analysis.

In vitro and in vivo studies are needed to elucidate the mech-
anisms underlying the effects observed in this study and to
determine whether they are sustained beyond the 2-week post-
treatment period. RCTs during pregnancy may be necessary to con-
firm these findings and assess their impact on critical outcomes,
such as stillbirth and neonatal mortality. Additionally, genetic epi-
demiology studies should focus on mapping antimicrobial resis-
tance, particularly related to AZ.

Declarations of competing interest

The authors declare that they have no competing interests. The
authors report no conflict of interest.

Funding

The Mumta trial was funded by the Bill & Melinda Gates Foun-
dation. Grant number OPP1179727. AP and IN were supported
by the Fogarty International Center of the National Institutes of
Health, Paediatric Infectious Disease and Malnutrition in Pakistan
(PIDEMP) Fellowship at Aga Khan University under Award Number
5-D-43TW007585-13.

Ethical approval

The MUMTA study protocol was approved by the “Institution
Review Board (IRB)” of VITAL Pakistan Trust (reference: 002-VPT-
IRB-18 on April 03, 2018), “Ethics Review Committee (ERC)” of Aga
Khan University (reference: 5234-Ped-ERC-18 on June 06, 2018),
and “National Bioethics Committee (NBC)” of Pakistan (reference:
4-87/NBC-393/19/2170 on May 29, 2019). Ethical review exemption
for this analysis (2022-7118-21756) was received on June 08, 2022
from the “Ethics Review Committee (ERC)” of Aga Khan Univer-
sity. Participant mothers provided their written consent for partic-
ipation after receiving information on the study, voluntary partic-
ipation, and withdrawal. The trial is registered at ClinicalTrials.gov
with registration number NCT03564652.

Author contributions

Conception or design of the work: AP, FJ, NI; data collection: FJ,
IN, YS, AM, FK; data analysis and interpretation: AP, NI, FK, YS, SIA,
FJ; drafting the article: AP, NI, WUK FJ, YS; table formulation: AP,
WUK, YS, SIA; figures and illustration: AP, YS, FJ, IN, SIA; critical
revision of the article: AP, NI, FK, YS, WUK, AM, SIA, IN, FJ. Final
approval of the version to be published: AP, NI, AM, FK, YS, WUK,
SIA, IN, FJ; all authors read and approved the final manuscript.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.ijid.2025.107794.

References

[1] World Health Organization WHO guideline on mass drug administration of
azithromycin to children under five years of age to promote child survival. Geneva:
World Health Organization; 2020.

[2] Oldenburg CE, Arzika AM, Maliki R, Kane MS, Lebas E, Ray K], et al. Safety
of azithromycin in infants under six months of age in Niger: a community
randomized trial. PLoS Negl Trop Dis 2018;12(11):e0006950.

International Journal of Infectious Diseases 153 (2025) 107794

[3] Pavlinac PB, Singa BO, John-Stewart GC, Richardson BA, Brander RL, Mc-
Grath (], et al. Azithromycin to prevent post-discharge morbidity and mortality
in Kenyan children: a protocol for a randomised, double-blind, placebo-con-
trolled trial (the Toto Bora trial). BMJ Open 2017;7(12):e019170.

[4] Taft DH, Lewis ZT, Nguyen N, Ho S, Masarweh C, Dunne-Castagna V, et al. Bifi-
dobacterium species colonization in infancy: a global cross-sectional compari-
son by population history of breastfeeding. Nutrients 2022;14(7):1423.

[5] Turroni F, Ribbera A, Foroni E, van Sinderen D, Ventura M. Human gut mi-

crobiota and bifidobacteria: from composition to functionality. Antonie Van

Leeuwenhoek 2008;94(1):35-50.

Gough EK. The impact of mass drug administration of antibiotics on the gut

microbiota of target populations. Infect Dis Poverty 2022;11(1):76.

Muhammad A, Shafiq Y, Nisar MI, Baloch B, Yazdani AT, Yazdani N, et al. Nu-

tritional support for lactating women with or without azithromycin for infants

compared to breastfeeding counseling alone in improving the 6-month growth
outcomes among infants of peri-urban slums in Karachi, Pakistan-the protocol
for a multiarm assessor-blinded randomized controlled trial (Mumta LW trial).

Trials 2020;21(1):756.

Liu J, Platts-Mills JA, Juma J, Kabir F, Nkeze ], Okoi C, et al. Use of quantitative

molecular diagnostic methods to identify causes of diarrhoea in children: a

reanalysis of the GEMS case-control study. Lancet 2016;388(10051):1291-301.

StataCorp. Stata StatisticalSoftware: Release, 17. College Station, TX: StataCorp:

LLC; 2019.

[10] Chen RY, Kung VL, Das S, Hossain MS, Hibberd MC, Guruge ], et al. Duodenal
microbiota in stunted undernourished children with enteropathy. N Engl | Med
2020;383(4):321-33.

[11] Wei S, Mortensen MS, Stokholm ], Brejnrod AD, Thorsen ], Rasmussen MA,
et al. Short- and long-term impacts of azithromycin treatment on the gut
microbiota in children: a double-blind, randomized, placebo-controlled trial.
EBioMedicine 2018;38:265-72.

[12] Doan T, Hinterwirth A, Worden L, Arzika AM, Maliki R, Abdou A, et al. Gut
microbiome alteration in MORDOR I: a community-randomized trial of mass
azithromycin distribution. Nat Med 2019;25(9):1370-6.

[13] Doan T, Arzika AM, Ray K], Cotter SY, Kim ], Maliki R, et al. Gut microbial
diversity in antibiotic-naive children after systemic antibiotic exposure: a ran-
domized controlled trial. Clin Infect Dis 2017;64(9):1147-53.

[14] Parker EPK, Praharaj I, John ], Kaliappan SP, Kampmann B, Kang G,
et al. Changes in the intestinal microbiota following the administration of
azithromycin in a randomised placebo-controlled trial among infants in south
India. Sci Rep 2017;7(1):9168.

[15] Williams JD. Spectrum of activity of azithromycin. Eur J Clin Microbiol Infect Dis
1991;10(10):813-20.

[16] Bystrzycka W, Manda-Handzlik A, Sieczkowska S, Moskalik A, Demkow U,
Ciepiela O. Azithromycin and chloramphenicol diminish neutrophil extracel-
lular traps (NETs) release. Int J Mol Sci 2017;18(12):2666.

[17] Thiam HR, Wong SL, Wagner DD, Waterman CM. Cellular mechanisms of NE-
Tosis. Annu Rev Cell Dev Biol 2020;36:191-218.

[18] McCormick BJJ, Lee GO, Seidman JC, Haque R, Mondal D, Quetz ], et al. Dy-
namics and trends in fecal biomarkers of gut function in children from 1 to 24
months in the MAL-ED study. Am J Trop Med Hyg 2017;96(2):465-72.

[19] Chowdhury AH, Camara M, Verma C, Eremin O, Kulkarni AD, Lobo DN. Mod-
ulation of T regulatory and dendritic cell phenotypes following ingestion of
bifidobacterium longum, AHCC® and azithromycin in healthy individuals. Nu-
trients 2019;11(10):2470.

[20] Saturio S, Nogacka AM, Alvarado-Jasso GM, Salazar N, de los Reyes-Gavilan CG,
Gueimonde M, et al. Role of bifidobacteria on infant health. Microorganisms
2021;9(12):2415.

[21] Harper KM, Mutasa M, Prendergast AJ, Humphrey ], Manges AR. Environmen-
tal enteric dysfunction pathways and child stunting: a systematic review. PLoS
Negl Trop Dis 2018;12(1):e0006205.

[22] Igbal NT, Sadiq K, Syed S, Akhund T, Umrani F, Ahmed S, et al. Promising
biomarkers of environmental enteric dysfunction: a prospective cohort study
in Pakistani children. Sci Rep 2018;8(1):2966.

[23] Hasan MM, Gazi MA, Das S, Fahim SM, Hossaini F, Khan A-R, et al. Gut
biomolecules (I-FABP, TFF3 and lipocalin-2) are associated with linear growth
and biomarkers of environmental enteric dysfunction (EED) in Bangladeshi
children. Sci Rep 2022;12(1):13905.

[24] Jones HJ, Bourke CD, Swann JR, Robertson RC. Malnourished microbes:
host-microbiome interactions in child undernutrition. Annu Rev Nutr
2023;43:327-53.

[25] Duranti S, Lugli GA, Mancabelli L, Armanini F, Turroni F, James K, et al. Ma-
ternal inheritance of bifidobacterial communities and bifidophages in infants
through vertical transmission. Microbiome 2017;5(1):66.

[26] Marcobal A, Barboza M, Sonnenburg ED, Pudlo N, Martens EC, Desai P, et al.
Bacteroides in the infant gut consume milk oligosaccharides via mucus-utiliza-
tion pathways. Cell Host Microbe 2011;10(5):507-14.

[27] O’'Hara K, Kanda T, Ohmiya K, Ebisu T, Kono M. Purification and charac-
terization of macrolide 2’-phosphotransferase from a strain of Escherichia
coli that is highly resistant to erythromycin. Antimicrob Agents Chemother
1989;33(8):1354-7.

[28] Phuc Nguyen MC, Woerther PL, Bouvet M, Andremont A, Leclercq R, Canu A.
Escherichia coli as reservoir for macrolide resistance genes. Emerg Infect Dis
2009;15(10):1648-50.

[29] Muhammad A, Shafiq Y, Nisar MI, Baloch B, Pasha A, Yazdani NS, et al. Ef-
fect of maternal postnatal balanced energy protein supplementation and in-
fant azithromycin on infant growth outcomes: an open-label randomized con-
trolled trial. Am J Clin Nutr 2024;120:550-9.

[6

(7

[8

[9


https://doi.org/10.1016/j.ijid.2025.107794
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0001
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0002
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0003
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0004
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0005
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0006
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0007
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0008
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0009
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0010
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0011
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0012
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0013
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0014
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0015
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0016
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0017
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0018
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0019
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0020
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0021
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0022
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0023
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0024
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0025
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0026
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0027
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0028
http://refhub.elsevier.com/S1201-9712(25)00018-9/sbref0029

	Effect of one prophylactic dose of azithromycin on Bifidobacterium infantis colonization in infants from the Mumta trial
	Introduction
	Methodology
	Study design and intervention
	Study outcomes and measurement
	Statistical analysis

	Results
	Descriptive analysis of mother and infant biomarker data
	Impact of AZ on B. infantis colonization in infants at day 56 postbirth
	Effect of AZ on bacterial count in infants at day 56 postbirth
	ARGs in infant at day 56 (post-AZ)

	Discussion
	Declarations of competing interest
	Funding
	Ethical approval
	Author contributions
	Supplementary materials
	References


