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ABSTRACT

Background: Acute diarrheal disease remains one of the leading causes of
childhood morbidity and mortality in low- and middle-income countries, with
bacterial enteropathogens accounting for a substantial share of cases in resource-
limited settings. Despite the recognized burden of diarrheal illness in Pakistan,
robust local data on the microbiological etiology of acute pediatric diarrhea remain
scarce a gap that limits evidence-based empirical treatment, rational antimicrobial
stewardship, and targeted public health surveillance in the province.

Materials and Methods: We conducted a cross-sectional study at the Pediatric
Department of Lady Reading Hospital, Peshawar, over six months (May 2025 to
November 2025). Using non-probability consecutive sampling, 292 children aged
1-15 years presenting with acute diarrhea were enrolled. Fresh stool specimens
were cultured, and bacterial isolates were identified by colonial morphology, Gram
staining, and biochemical testing. The frequency of bacterial diarrhea was
stratified by age, sex, illness duration, parental education, household
socioeconomic status, and residence, with between-group differences assessed by
chi-square test (significance threshold p < 0.05).

Results: The 292 children had a mean age of 8.0 + 5.94 years; most were aged 1-7
years (61.0%), male (56.8%), urban residents (72.9%), and from low- or middle-
income households (89.0%). Bacterial pathogens were confirmed in 53 children,
an overall frequency of 18.2% (95% CI: 13.8-22.6%). This frequency was
strikingly uniform across subgroups: 18.0% in children aged 1-7 years versus
18.4% in those 8-15 years (p=0.923); 18.1% in males versus 18.3% in females
(p=0.968); and 18.1% with illness <30 days versus 18.2% with longer duration
(p=0.992). No significant associations were found with parental education
(p=0.981), socioeconomic status (p=0.902), or urban versus rural residence
(p=0.821).

Conclusions: Confirmed bacterial enteropathogens accounted for 18.2% of acute
diarrheal episodes among children at a major tertiary referral center in Peshawar a
prevalence consistent with other developing-country settings and considerably
higher than reported in high-income populations. The near-identical distribution of
bacterial infection across all demographic and socioeconomic subgroups suggests
broad, undifferentiated endemic exposure across this catchment population rather
than concentration in any particular risk group. The results of this study support
the inclusion of systematic stool culture in the routine management of acute
diarrhea in children to inform targeted rather than empirical antimicrobial
prescribing and highlight the importance of continued investment in water,
sanitation and hygiene (WASH) infrastructure and childhood immunization
coverage in KPK.
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INTRODUCTION

Diarrheal disease is one of the most important but
preventable causes of child mortality globally.!! In
2019, the Global Burden of Disease Study estimated
that diarrheal illness caused about 1.5 million deaths
worldwide, with children in low- and middle-
income countries (LMICs) accounting for a
disproportionate share of these deaths nearly
480,000 children.*d  Although decades of
investment in oral rehydration therapy and rotavirus
vaccination, diarrhea is still one of the leading
causes of under-5 mortality in LMICs, highlighting
the need for more equitable population-level impact
of interventions.F!

Acute gastroenteritis sudden-onset loose or watery
stools lasting under 14 days, often with vomiting,
fever, and dehydration is usually self-limiting, but
its consequences extend well beyond the acute
episode.[! The consequences of acute gastroenteritis
are not limited to the acute illness itself, but also
include chronic environmental enteric dysfunction,
which is a reduction in nutrient absorption between
episodes of diarrheal illness, and is a major
contributor to stunting, wasting and developmental
delay, the "impoverished gut" cycle now recognized
as a major driver of intergenerational poverty in
high-burden settings.[**]

Acute diarrhea is caused by different factors in
different settings. Viral pathogens cause 70-80% of
episodes in high-income countries with good
sanitation and immunization coverage.l® Rotavirus
was historically the leading cause, responsible for an
estimated 37% of under-five diarrheal deaths before
widespread vaccination; norovirus has since
emerged as the dominant cause of medically
attended gastroenteritis in vaccinated populations,
alongside adenovirus, arbovirus, and sapovirus.®7
In low-resource settings, bacterial enteropathogens
dominate, accounting for an estimated 50-60% of
episodes driven by unsafe water and sanitation, high
background  pathogen  carriage, and the
immunological toll of undernutrition.!® The Global
Enteric Multicenter Study (GEMS), the largest case-
control study of its kind across sub-Saharan Africa
and South Asia, identified Shigella, enterotoxigenic
E. coli (ETEC), Cryptosporidium, and rotavirus as
the leading contributors to attributable diarrheal
burden in children under five.’! A molecular
reanalysis of the GEMS data later showed that
culture-based methods substantially underestimate
bacterial co-infection, particularly for Shigella and
ETEC. Among older children, Shigella, non-
typhoidal Salmonella, and Campylobacter jejuni
predominate, while enteropathogenic E. coli remains
a major cause of prolonged watery diarrhea in
infants, with disproportionate mortality risk among
the malnourished.[*%

Pakistan carries a substantial share of this regional
burden: South and Southeast Asia together account
for an estimated 150,000-200,000 diarrhea-

attributable child deaths annually, with Pakistan,
Bangladesh, and India contributing the largest
totals.™ Structural drivers here are well established
food insecurity, high rates of stunting and wasting,
inadequate access to safe water and sanitation, and
primary care systems with limited capacity for
point-of-care microbiology.*? These conditions
sustain bacterial transmission through contaminated
water and food, while widespread indiscriminate
antibiotic use has progressively eroded first-line
efficacy against common enteric pathogens, making
empirical prescribing increasingly unreliable.[t213]
Khyber Pakhtunkhwa (KPK) exemplifies these
challenges. The largest public tertiary center in
Peshawar, Lady Reading Hospital (LRH) has an
unusually diverse catchment, including urban
residents, IDPs, and rural and border-adjacent
communities, which is compounded by limited
healthcare infrastructure and high  poverty.
However,  published information on  the
microbiological etiology of childhood diarrhea in
KPK is limited, with few studies having recruited
non-consecutive samples, or having included only a
small age range, or not having performed systematic
stool culture, and so the distribution of confirmed
bacterial  infection by  demographic  and
socioeconomic groups is poorly defined.[416]

The study is significant because of the high burden
of childhood diarrheal disease in the region, the lack
of local evidence on the bacterial etiology of
diarrheal disease and the increasing concern about
antimicrobial resistance of enteric pathogens. Local
information on the prevalence and distribution of
bacterial pathogens is crucial to inform clinical
management, as most children with acute diarrhea
do not need antimicrobial treatment, and those with
confirmed bacterial infection may benefit from
targeted treatment. Moreover, knowledge of the
local bacterial profile can help in provincial disease
surveillance and in making evidence-based
decisions on vaccination strategies, antimicrobial
stewardship and investments in water, sanitation and
hygiene (WASH) intervention.'V  Therefore this
study aimed to find out the prevalence of confirmed
bacterial infection in children aged 1-15 years
attending LRH, Peshawar with acute diarrhea and to
see if there was any significant difference in the
prevalence of confirmed bacterial infection by age,
sex, duration of illness, parental education,
socioeconomic status of the household and place of
residence.

MATERIALS AND METHODS

Study design and setting

This was a cross sectional descriptive study carried
out in the Pediatric Department of Lady Reading
Hospital, Peshawar during a period of six months
from May 2025 to November 2025. The study was
conducted to find out the prevalence of bacterial
infection in children with acute diarrhea.
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Study population and sample size

A total of 292 children aged 1-15 years with acute
diarrhea were included in the study. Both boys and
girls were eligible to participate. The sample size
was determined using the World Health
Organization sample size calculator with an
expected frequency of bacterial infection of 5%, a
95% confidence level and a margin of error of 2.5%.
Non-probability consecutive sampling was used to
recruit participants.

Participant recruitment and data collection

After obtaining approval from the hospital ethical
and research committee, children who met the
criteria were recruited once the purpose and
potential benefits of the study were explained to
their parents/guardians. Informed consent was
obtained in writing prior to enrollment. All
participants had a clinical evaluation with a relevant
history and physical examination. A predesigned
data-collection proforma was used to record
demographic and clinical data such as age, sex,
duration of diarrhea, place of residence,
socioeconomic status, and parental educational
level.

Stool specimen collection and microbiological
investigation

Each participant had a stool sample taken in a clean,
sterile container and sent to the microbiology lab for
bacteriological analysis. Stool samples were
enriched in alkaline peptone water and incubated at
37°C for 6-8 hours in the laboratory. The samples
were then enriched and then subcultured by
streaking on MacConkey agar and blood agar plates.
The inoculated plates were incubated aerobically at
37°C for overnight. Bacterial growth was evaluated
after incubation based on the colony morphology.
Suspected isolates were further examined by Gram
staining and biochemical testing. Bacterial
identification was done by the combination of
characteristic colonial morphology, Gram-staining
characteristics and biochemical properties. The main
outcome of the primary study was the presence of
bacterial infection in the stool sample. Children with
a bacterial pathogen identified were classified as
having bacterial diarrhea, and children with no
bacterial pathogen identified were classified as
having no bacterial infection detected. Children with
negative bacterial results were not considered to
have viral diarrhea as viral pathogens were not
investigated.

Statistical Analysis

The data were entered and analyzed in SPSS version
20. Continuous variables such as age and duration of
diarrhea were summarized as mean and standard
deviation, while categorical variables were
summarized as frequencies and percentages. The
frequency of bacterial diarrhea was examined across
age, sex, duration of diarrhea, place of residence,
socioeconomic status, and parental educational
level. Associations between categorical variables
were assessed using the chi-square test. A P value of
<0.05 was considered statistically significant.

RESULTS

Study population and participant characteristics
A total of 292 children presenting with acute
diarrhea were included in the study. The mean age
of the participants was 8 + 5.94 years. Children aged
1-7 years accounted for 178 (61.0%) participants,
while 114 (39.0%) were aged 8-15 years. There was
a slight male predominance, with 166 (56.8%) boys
and 126 (43.2%) girls.

With regard to the duration of diarrhea, 193 (66.1%)
children had diarrhea for <30 days, whereas 99
(33.9%) had a duration of >30 days. Regarding
parental educational status, 114 (39.0%) parents
were illiterate, 137 (46.9%) had primary to
secondary education, and 41 (14.0%) had graduate
or postgraduate education. Nearly half of the
children belonged to middle-class families (137,
46.9%), while 123 (42.1%) were from poor
socioeconomic backgrounds and 32 (11.0%) were
from rich families. Most participants were from
urban areas (213, 72.9%), compared with 79
(27.1%) from rural areas.

Frequency of bacterial diarrhea

Among the 292 children investigated, bacterial
infection was detected in 53 (18.2%), whereas no
bacterial infection was detected in the remaining
239 (81.8%). Thus, bacterial infection accounted for
a substantial minority of acute diarrhea
presentations in this study. The children in whom
bacterial infection was not detected were not
classified as having viral diarrhea, because viral
pathogens were not investigated in the present
study.

Association  of  bacterial diarrhea  with
demographic and clinical characteristics

The distribution of bacterial diarrhea was
subsequently examined across age, sex, duration of
diarrhea, parental education, socioeconomic status,
and place of residence. The proportion of children
with bacterial diarrhea was remarkably similar
across the examined groups, and none of the
evaluated characteristics showed a statistically
significant association with bacterial infection.
Bacterial diarrhea was detected in 32 of 178 (18.0%)
children aged 1-7 years and 21 of 114 (18.4%)
children aged 8-15 years (*P* = 0.9235). Similarly,
bacterial infection was identified in 30 of 166
(18.1%) boys and 23 of 126 (18.3%) girls (*P* =
0.9681). Duration of diarrhea was also not
associated with bacterial infection: 35 of 193
(18.1%) children with diarrhea lasting <30 days and
18 of 99 (18.2%) children with diarrhea lasting >30
days had bacterial infection (*P* = 0.9921).

No significant association was observed with
parental education. Bacterial diarrhea occurred in 21
of 114 (18.4%) children whose parents were
illiterate, 25 of 137 (18.2%) among those whose
parents had primary-to-secondary education, and 7
of 41 (17.1%) among those whose parents had
graduate or postgraduate education (*P* = 0.9809).
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Likewise, bacterial infection was detected in 22 of
123 (17.9%) children from poor socioeconomic
backgrounds, 26 of 137 (19.0%) from middle-class
families, and 5 of 32 (15.6%) from rich families
(*P* = 0.9020). Finally, bacterial diarrhea was

identified in 15 of 79 (19.0%) children from rural
areas and 38 of 213 (17.8%) from urban areas, with
no significant association with residence (*P* =
0.8212). [Table 1]

Table 1: Frequency of bacterial diarrhea according to demographic and clinical characteristics.

Percentages are

based on the total sample of 292 children. Categorical variables were analyzed using chi-square testing, with P < 0.05

considered statistically significant

. I No bacterial infection
Characteristic Bacterial diarrhea, n/N (%) detected, n/N (%) P value
Age 0.9235
1-7 years 32/178 (18.0) 146/178 (82.0)
8-15 years 21/114 (18.4) 93/114 (81.6)
Sex 0.9681
Male 30/166 (18.1) 136/166 (81.9)
Female 23/126 (18.3) 103/126 (81.7)
Duration 0.9921
<30 days 35/193 (18.1) 158/193 (81.9)
>30 days 18/99 (18.2) 81/99 (81.8)
Parental education 0.9809
Iliterate 21/114 (18.4) 93/114 (81.6)
Primary—secondary 25/137 (18.2) 112/137 (81.8)
Graduate—postgraduate 7/41 (17.1) 34/41 (82.9)
Socioeconomic status 0.9020
Poor 22/123 (17.9) 101/123 (82.1)
Middle class 26/137 (19.0) 111/137 (81.0)
Rich 5/32 (15.6) 27132 (84.4)
Residence 0.8212
Rural 15/79 (19.0) 64/79 (81.0)
Urban 38/213 (17.8) 175/213 (82.2)

DISCUSSION

In this study, bacterial pathogens were confirmed by
stool culture in 53 of 292 children (18.2%, 95% CI
13.8-22.6%) presenting with acute diarrhea to a
tertiary care hospital in Peshawar. This frequency is
lower than the 50-60% bacterial contribution
reported in some aggregate estimates from high-
burden low- and middle-income settings, but
considerably higher than the figures typically
reported from high-income countries, where viral
pathogens account for most paediatric diarrheal
iliness.[*® This discrepancy is likely attributable to a
combination of diagnostic and epidemiological
factors.

From a diagnostic standpoint, conventional stool
culture  has  well-recognized limitations in
sensitivity. It requires the survival of viable
organisms during transport and subculture, favors
rapidly growing genera, and does not detect
diarrheagenic E. coli pathotypes that are identified
routinely by molecular methods. Studies comparing
culture with multiplex PCR in paediatric diarrheal
stool have reported similar findings: in one study
from India, Shigella was detected in only 2% of
samples by culture compared with 16% by multiplex
PCR,[* while a study using cycle-threshold analysis
in Israel found that only approximately half of PCR-
positive Shigella, Salmonella, and Campylobacter
samples yielded growth on culture, with the
discrepancy most pronounced at low bacterial
loads.? If a comparable pattern applies to the
present cohort, the true frequency of bacterial

diarrhea in this population may be underestimated,
and the reported figure of 18.2% should be
interpreted as a conservative estimate. Nonetheless,
culture remains the most feasible pathogen-
identification method available in most public-sector
laboratories in Khyber Pakhtunkhwa (KP), and it
offers the additional advantage of a viable isolate for
antimicrobial susceptibility testing.

Differences in study design and population selection
may also contribute to the observed frequency.
Unlike case-control studies such as the Global
Enteric Multicenter Study, which enrolled children
with moderate-to-severe diarrhea and compared
them with asymptomatic community controls, the
present study enrolled an unselected hospital
population spanning the full spectrum of clinical
severity.8 Inclusion of milder, potentially self-
limiting and viral cases would be expected to lower
the observed proportion of bacterial infection
relative to studies restricted to more severe disease.
The frequency reported here is consistent with
findings from an earlier study conducted in the same
department approximately six years prior, which
enrolled a similarly sized cohort (n = 292) over a
comparable enrolment period and reported a
bacterial diarrhea frequency of 18%, with an age
and sex distribution similar to that of the present
cohort.?Yl This consistency across two independent
samples separated by several years suggests that the
observed frequency may reflect a relatively stable
local baseline rather than seasonal or sampling
variation. This interpretation is further supported by
regional environmental data: a study sampling
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municipal drinking water, market milk, and raw
produce in Peshawar over an 18-month period
isolated Shigella flexneri from more than 6% of
drinking-water ~ samples, with  contamination
concentrated at sites where sewage or hospital waste
intersected the water supply.?? A subsequent
molecular analysis of clinical S. flexneri isolates
from the same region reported extensive plasmid-
mediated multidrug resistance. These findings
suggest that bacterial  enteropathogens are
established within the local water and food supply
chain in this setting, rather than representing
sporadic contamination events.[?!

No statistically significant association was observed
between bacterial infection and age, sex, illness
duration, parental education, socioeconomic status,
or urban versus rural residence. This finding may be
explained by relatively diffuse environmental
exposure across the study catchment, which would
be expected to limit the extent to which
sociodemographic factors modulate infection risk.
This interpretation is broadly consistent with
provincial surveillance data describing a rise in
acute diarrhea reporting across Punjab, Sindh, and
KP as a widespread rather than localized
phenomenon,i*4 and with the broader literature
identifying unsafe drinking water, rather than
household wealth or maternal literacy, as the
principal driver of Pakistan's paediatric diarrheal
burden.™ These null findings should, however, be
interpreted with caution: with only 53 culture-
positive children distributed across several
socioeconomic and educational categories, the study
had limited statistical power to detect modest
differences between subgroups, and a true
association of a few percentage points could
plausibly have gone undetected.

These findings have practical implications for
clinical management. Approximately one in five
children presenting with acute diarrhea at this
hospital had a bacterial cause identifiable by routine
culture, and this proportion did not appear to be
concentrated within any readily identifiable
demographic subgroup. This suggests that stool
culture may be more appropriately incorporated into
the routine initial assessment of children
hospitalised with diarrhea, rather than reserved for
those considered at elevated risk on demographic
grounds, with antimicrobial therapy adjusted once
culture and susceptibility results are available. This
consideration is particularly relevant in light of
regional  antimicrobial resistance trends: a
systematic review of community-acquired enteric
pathogens among children in low- and middle-
income countries reported rising resistance to first-
line agents among Shigella, Salmonella,
Campylobacter, and E. coli isolates,” and
Pakistan-specific data have documented high, and in
some instances rising, resistance among Salmonella
Typhi and Paratyphi isolates, including emerging
extensively  drug-resistant  strains.  Empirical
antimicrobial prescribing without  culture

confirmation may therefore result in both
undertreatment of children requiring targeted
therapy and unnecessary antibiotic exposure among
children with self-limiting, non-bacterial illness.[?
Two additional contextual factors, although not
directly assessed in this study, warrant
consideration.  First, rotavirus vaccine was
introduced into Pakistan's national immunization
schedule in 2017, and coverage in KP has increased
since; independent effectiveness studies estimate
that the vaccine prevents approximately three in ten
rotavirus-attributable hospitalizations.”! As viral
pathogens were not assessed in this study, its
potential influence on the relative contribution of
bacterial versus viral etiology in this population
could not be evaluated, and documented disparities
in vaccine uptake associated with maternal literacy
and distance from immunization centers suggest that
coverage may not be wuniform across this
population.?l  Second, water, sanitation, and
hygiene (WASH) infrastructure remains the most
consistently cited structural determinant of diarrheal
disease burden in the literature reviewed here;
although access to safely managed drinking water
has expanded across South Asia in recent years,
progress remains insufficient to meet universal
access targets on current trajectories. In this
context, stool culture and antimicrobial stewardship
represent downstream clinical interventions rather
than  substitutes  for  upstream  structural
prevention. 28l

Finally, these findings should be considered against
the broader trajectory of child mortality, which
recent global reporting indicates has slowed since
2015.1 The most recent United Nations inter-
agency estimates identify Pakistan among the
countries with the highest numbers of malnutrition-
attributable child deaths, and diarrheal disease
continues to be among the leading infectious causes
of under-five mortality worldwide,*! Within this
context, a culture-confirmed, KP-specific estimate
of bacterial diarrheal burden provides evidence
relevant to guiding diagnostic and therapeutic
resource allocation within a constrained health
system.

CONCLUSION

Confirmed bacterial pathogens accounted for 18.2%
of acute diarrheal illness among children aged 1-15
years presenting to this tertiary hospital in
Peshawar, a figure that closely matched an earlier
survey from the same department and sits within the
range reported from other high-burden settings.
Bacterial infection was distributed evenly across
age, sex, illness duration, parental education,
socioeconomic status, and residence, consistent with
shared, catchment-wide exposure rather than
concentration in any identifiable risk group.

Read alongside regional data on environmental
Shigella circulation and antimicrobial resistance,
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these findings support two concrete actions:
incorporating stool culture into the routine
assessment of children hospitalized with acute
diarrhea, regardless of demographic background, so
that antimicrobial therapy can be targeted rather
than assumed; and treating WASH investment as the
primary long-term lever for reducing this burden,
since no demographic subgroup in this catchment
appears exempt from exposure. Responses built
around universal diagnostic access and structural
WASH investment are more likely to move the
needle than ones built around demographic risk
stratification.

Limitations

This study has several limitations. It was single-
center and hospital-based, drawing on a non-
probability consecutive sample, so findings reflect
children reaching LRH rather than the full
community burden of paediatric diarrhea across KP.
Bacterial identification relied on conventiona
culture without molecular, viral, or parasitic testing,
so the 18.2% frequency should be read as a
conservative, floor-level estimate and etiology of
culture-negative cases remains undetermined;
isolates were also not identified to species level or
tested for antimicrobial susceptibility. The six-
month enrolment window did not capture a full
seasonal cycle, the sample offered limited power to
detect modest subgroup differences, and clinical
severity, outcome data, and socioeconomic status
(assessed via a non-standardized categorical scheme
rather than a validated asset index) were not
captured with enough granularity to support finer-
grained analysis.

Future Recommendations

Building on these findings, future work should
priorities multi-center, full-year surveillance across
KP’s urban, rural, and IDP-settlement catchments to
test whether 18.2% generalizes provincially and to
characterize seasonal variation, pairing conventional
culture with multiplex PCR to quantify the
diagnostic gap and characterize viral, parasitic, and
mixed infections. Reporting  species-level
identification and antimicrobial susceptibility for
every isolate would strengthen local AMR
surveillance, while linking clinical severity and
outcome data to microbiological findings, paired
environmental (water and food) sampling, tracking
rotavirus vaccine uptake alongside bacterial and
viral diagnostics, a cost-effectiveness analysis of
routine versus selective culture, and adoption of a
validated asset-based socioeconomic index would
together help translate these findings into actionable
clinical and policy guidance.
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