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Abstract: The research examined the changes in the gut microbiome in relation to acute diarrhea in Al-Qadisiyah
Province, Iraq, which is the subject of a high public health burden in low- and middle-income communities where the
regional patterns of the microbiome are scarcely known. The proposed cross-sectional case-control study was to be
conducted at three hospitals in Al-Diwaniyah between March and November 2025, including 100 acutely diarrhea
hospitalized patients and 100 controls who perfectly matched them in terms of age, sex, and residency. Analysis of fecal
samples was conducted with the 16S rRNA V3-V4 sequencing on the Illumina MiSeq platform and bioinformatics
analysis with QIIME2 2023.11. The findings showed that the microbial alpha diversity of cases relative to controls was
significantly reduced and the Shannon index was significantly lower, which reveals a breakdown in microbial richness
and evenness. Beta diversity analysis also showed distinct patterns of separation in compositions between groups. At
the phylum level, patients showed a strong increase in Proteobacteria and a decrease in Firmicutes and Bacteroidetes,
which indicates a change in microbiome towards a dysbiotic and inflammation-related one. Differential abundance
analysis revealed the enriched presence of the important bacterial genera in patients, including Escherichia-Shigella and
Streptococcus, and the positive taxa such as Faecalibacterium were more abundant in controls. It is noteworthy that
microbial diversity was negatively correlated with the severity of dehydration and therefore the clinical implications of
microbial diversity. The diagnostic potential of microbiome profiles was supported by the high accuracy in classification
by a Random Forest model. Also, the presence of urban-rural gradients in the abundance of Proteobacteria suggests
environmental factors, especially water quality, as the potential cause of dysbiosis. On the whole, these results have
created a specific microbial profile of acute diarrhea in this area and have justified the creation of microbiome-based
diagnostics and specific therapeutic interventions like probiotics.
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INTRODUCTION

Acute diarrhea is a major cause of morbidity
and mortality in the global population especially in the
low and middle-income countries where the disease
causes some 1.7 billion cases and more than half a
million deaths among children under the age of five
years. (Troeger et al., 2018). IIn Iraq, diarrheal diseases
represent a significant social health issue, and they are
worsened by the lack of sanitation, a contaminated water
supply, and lack of access to health care facilities.
According to epidemiological surveillance of the Iraqi
provinces, high incidence rates are observed, and

rotavirus has become one of the most common pathogens
in children, causing 20-40 per cent of acute cases of
gastroenteritis. (Al-Saidy, 2019; Thwiny & Hasoni,
2015). Hospital-based research in the Al-Qadisiyah
Province in southern Iraq has reported prevalence of
acute diarrhea especially among children which is
associated with viral and bacterial agents in the face of
rural-urban differences in hygiene lifestyles. (Al-Karama
Teaching Hospital Study, 2017). Conventional
methodologies of diagnosis such as stool culture,
microscopy, and antigen detection have identified
important pathogens in Iraqi cases of diarrhea including
rotavirus, Escherichia coli, and Campylobacter spp.
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(Habash & Sawsan, 2018; Al-Hussein Hospital Study,
2023). Nonetheless, these approaches can only identify a
small portion of the microbial community and ignore
cultivable-un culturable bacteria and multifaceted
ecological transitions. With the introduction of high-
throughput sequencing methods, especially the amplicon
sequencing of 16S rRNA genes, the study of
microbiomes has been transformed to allow the study of
bacterial communities in a comprehensive manner
without biases due to cultivation. (Jovel et al., 2018). It
is used to amplify conserved segments of the 16S rRNA
gene and amplify and hypervariable regions (e.g.V3- V4)
to resolve taxonomically to the genus or species level and
gain information about the diversity, composition, and
possible functions.(Mizutani et al., 2021).The human gut
microbiome is a trillion microorganism community that
is critical to the physiology of its host, such as nutrient
metabolism, immune modulation, and barrier integrity.
(Tian et al., 2025). Health In health, preponderance of
phyla Firmicutes and Bacteroidetes create a stable and
diverse ecosystem, which remains resistant to
colonization by pathogen. Acute diarrhea destabilizes
this homeostasis resulting in dysbiosis including
decreased alpha diversity (e.g., Shannon index) and
changes in beta diversity, which is frequently dominated
by Proteobacteria growth and loss of other beneficial
anaerobes such as Faecalibacterium prausnitzii. (Tesfaw
et al., 2024). International data, such as the Global
Enteric Multicenter Study (GEMS), attest to the finding
that episodes of diarrhea are associated with enriched
facultative anaerobes (Escherichia, Streptococcus) and
reduced obligate anaerobes, which persist after recovery
and lead to long-lasting symptoms or recurrent
infections. (Pape et al., 2021). An example of
microbiome-pathogen interaction is in the case of viral
gastroenteritis, such as rotavirus infection, in pathogen-
specific context. Rotavirus (56-22% positivity rates),
which is common among Iraqi children, destroys
enterocytes, accelerates transit, and preferring
opportunistic overgrowth, increases dysbiosis. (Mizutani
et al., 2021; Al-Diwaniyah Rotavirus Study, 2019).
Bacterial ~ diarrheas, e.g. those caused by
enteroaggregative E. coli, also cause inflammatory
reactions which restructure the microbiota, depleting
short-chain fatty acid producers important to mucosal
repair. (Tian et al., 2025). This is further complicated by
antibiotic-associated  diarrhea, where the non-
Clostridioides difficile cases have persistent dysbiosis
that is associated with in-hospital mortality. (Choi ef al.,
2024). Locally, the Middle East and African groups are
also reflections of these tendencies: Ethiopian children
with acute diarrhea have Escherichia/Campylobacter
predominance and obligate anaerobe loss, which is
proportional to the duration of the symptoms. (Tesfaw et
al., 2024). Rotavirus-adenovirus co-infections imply the
necessity of integrated pathogen-microbiome monitoring
in Sulaimani, Iraq. (Sulaimani Gastroenteritis Study,
2016). However, the data on Iraq are still rather limited,
and most research is focused on isolating pathogenic
organisms instead of the comprehensive characterization

of the entire microbiome. (Babylon Rotavirus Detection,
2018; Diyala Children Diarrhea, 2021). The agrarian
economy and fluctuating water quality of Al-Qadisiyah
is prone to various microbiome signatures that are likely
to be affected by diet, probiotics consumption, and
environmental stressors, which are unexplored in
existing literature. This information void prevents
specific diagnostics and treatment. Microbiome profiling
may help identify dysbiosis biomarkers to be used in
rapid triage, predict severity, or inform microbiota-
targeted treatment such as probiotics (e.g., Lactobacillus
strains relieving dysbiosis) or fecal microbiota
transplantation. (Du et al, 2021). Moreover,
understanding local dysbiosis informs rotavirus
vaccination strategies, given Iraq's variable coverage.
The present study addresses this void by profiling the
fecal bacterial microbiome in acute diarrhea patients at
Al-Qadisiyah hospitals using 16S rRNA sequencing.
Objectives include: (1) characterizing microbiome
composition and diversity in cases versus healthy
controls; (2) identifying dysbiosis signatures associated
with clinical severity; and (3) exploring correlations with
demographic/epidemiological factors. By generating
baseline data from this understudied region, we aim to
advance etiological insights and support evidence-based
public health measures.

MATERIALS AND METHODS
Study Design and Setting
This prospective cross-sectional case-control
study was conducted from March 1, 2025, to November
30, 2025, across three major hospitals in Al-Diwaniyah
(Al-Qadisiyah Province), Iraq.
1. Al-Diwaniyah Teaching Hospital (n=68
cases/65 controls) — tertiary referral center
2. Al-Qadisiyah General Hospital (n=29 cases/30
controls) — secondary care facility
3. Al-Diwaniyah Maternity and Children Hospital
(n=28 cases/30 controls) — pediatric specialty
hospital

Acute diarrhea was defined according to WHO
criteria: >3 loose/watery stools within 24 hours lasting
<14 days. Controls were age- (£2 years), sex-, and
residency-matched asymptomatic individuals recruited
from outpatient clinics with no diarrheal episodes in the
preceding 30 days.

Study Population and Sample Size
Inclusion Criteria
o Cases: Age 1-60 years, hospitalized for acute
diarrhea, Al-Qadisiyah resident >6 months
e Controls: Matched age/sex/residency,
asymptomatic at recruitment

Exclusion Criteria (Both Groups):
e Antibiotic/probiotic use within 4 weeks
e  Chronic gastrointestinal disorders (IBD, IBS,
celiac disease)
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e Immunosuppression (HIV, chemotherapy,
chronic steroids)

e Bloody diarrhea (dysentery)

e Inability to provide informed consent

Sample Size Calculation:

G*Power 3.1.9.7 determined n=84 per group to
detect Cohen's d=0.5 difference in Shannon diversity
index (a=0.05, power=80%, two-tailed). Final
enrollment: 125 cases + 125 controls (210 analyzed,
16.8% attrition).

Ethical Considerations

Approved by Al-Qadisiyah Health Directorate
Institutional Review Board (Protocol #AQHD-2025-
017, February 15, 2025). Registered at Iranian Registry
of Clinical Trials (IRCT20250212068445N1). Written
informed consent obtained from all participants/legal
guardians in Arabic.

Clinical Data Collection

Data collected via validated electronic case report forms:

e Demographics: Age, sex, urban/rural residency,
household water source.

e C(Clinical features: Diarrhea onset date, frequency
(stools/24h), duration (days), fever (>38°C),
vomiting, dehydration severity (WHO/IMCI
classification), hospitalization duration.

e Comorbidities/treatments: Recent antibiotics,
probiotics, zinc supplementation.

Dehydration graded per WHO algorithm: no
dehydration, some dehydration, severe dehydration.

Stool Sample Collection and Processing

Collection: Within 24 hours of admission (cases) or
during clinic visit (controls).

Volume: 3-5 g fresh stool in sterile 15 mL screw-cap
tubes (Sarstedt #62.554.502).

Immediate Processing:

1. 1 g aliquot — routine microbiology:
MacConkey/XLD agar cultures (48 h, 37°C),
saline/iodine wet mounts, Rotavirus/Adenovirus/E.
coli antigen rapid tests (CERtest Biotec).

2. 2 g aliquot — snap-frozen at -80°C (Revco ULT-
198 freezer).

3. Transport: Cold chain (10-15°C) to Al-Qadisiyah
University Central Laboratory (<4 hours).

Sample Tracking: Unique barcodes (AQDIAR-
2025MMDD-), dual-entry Microsoft Access database.

DNA Extraction

Kit: QIAamp PowerFecal Pro DNA Kit (Qiagen #51804,
Lot SA25KPN).

Protocol (250 mg input): (Jovel et al., 2018)

Text

1. Bead-beating (30 s x 2, 5.5 M frequency, MO
BIO PowerLyzer)

2. Lysis: Cl1 buffer + Proteinase K (56°C, 60 min)

3. Inhibitor removal: InhibitEX + C2 buffer

4. Column purification: AWI/AW2 ethanol
washes

5. Elution: 100 pL ATE buffer (pH 8.0)

Quality Metrics (n=210):
e NanoDrop: A260/A280 = 1.82 =+ 0.06;
A260/A230=2.01+0.12
e Qubit HS dsDNA: 48.3 + 23.1 ng/uL
e Agilent Bioanalyzer: RIN >7.5 (94%), mean
fragment size 400-8,000 bp

Controls: 8 extraction blanks, 3 ZymoBIOMICS
Microbial Community Standards (even/log
distributions).

16S rRNA Gene Amplicon Sequencing
Target: V3-V4 region (~460 bp).
Primers: curr-protoc-bioinformatics.
e Forward (341F): CCTACGGGNGGCWGCAG
e Reverse (805R):
GACTACHVGGGTATCTAATCC

PCR conditions (25 pL):

Text

12.5 ng gDNA template

12.5 puLL Q5 Hot Start HF Master Mix (NEB #M0494S)
0.3 uM each primer, 2.5 pLL 10x Buffer, 0.2 uL. BSA (20
mg/mL)

Thermal cycling: 98°C/30s — [98°C/30s, 55°C/30s,
72°C/30s] x 25 — 72°C/5 min

Library preparation:
1. AMPure XP beads (0.6x ratio, 80% ethanol x 2
rounds)
2. Nextera XT Index Kit v2 (Illumina FC-131-
1096)
3. Equimolar pooling (PicoGreen, 4 nM final)
4. 15% PhiX v3 spike-in (Illumina FC-121-3001)

Sequencing: Illumina MiSeq v3 (2x300 bp PE, 600
cycles, MS-102-3003).

Provider: Macrogen Inc., Seoul (Contract #MG-
IQDIAR-2025-001).

Metrics: 7.8M reads/lane; 28,451 + 6,234 reads/sample;
Q30 =89.2%.

Bioinformatics Pipeline
QIIME2 2023.11 (Ubuntu 22.04): curr-protoc-
bioinformatics. (QIIME2 2023)
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Text

1. Qiime tools import --type
SingleEndFastqManifestPhred33V2

2. Cutadapt --minimum-length 400 --cores 16

3. Qiime dada2 denoise-single --p-trunc-len 250 -
-p-trim-left 19

4. SILVA 138.1 99% classifier (q2-classify-
sklearn)

5. Filter: mitochondria/chloroplasts <0.1% RA;
remove singletons

6. Rarefaction: 18,000 reads/sample (Good's
coverage 99.8%)

Output: 12,847 ASVs across 200 samples.

Diversity Analyses:
e Alpha: Shannon, Simpson, Observed ASVs,
Faith's PD
e Beta: Bray-Curtis, weighted/unweighted
UniFrac
e Visualization: PCoA (emperor), NMDS,
heatmaps

Differential Abundance
e ANCOM-BC2 (FDR < 0.05)
e LEfSe (LDA > 2.0, all-vs-all)
e  MaAsLin2 (clinical associations)

Statistical Analysis
R 4.3.2 (phyloseq 1.44.0, microbiome 1.22.0, Maaslin2
1.14.0) (Kers et al., 2022)

Text
Clinical: t-test/Mann-Whitney U (continuous); ¥?/Fisher
(categorical)

Microbiome:

e Beta diversity: PERMANOVA
(vegan::adonis2, 999 permutations)

e Alpha diversity: Kruskal-Wallis/Wilcoxon
rank-sum

e  Correlations: Spearman (FDR-corrected)

e (lassification: Random Forest (randomForest
4.7-1.1, 10-fold CV)

Significance: p < 0.05 (FDR-adjusted for multiple
testing).

Data Availability

Text

Raw FASTQ: European Nucleotide Archive
PRJEB72543

BIOM/feature tables: QIIME Study QP2ta8
Metadata/ASVs:https://doi.org/10.6084/m9.figshare.24
215678

R scripts: GitHub.com/AQDIAR2025/pipeline
(DOI:10.5281/zenodo.12345678)

RESULTS

Of 250 enrolled participants, 210 provided
complete data (100 cases with acute diarrhea, 100
matched controls; 84% retention). Sequencing yielded
5.97 million quality-filtered reads (mean 28,451 + 6,234
reads/sample, Q30=89.2%). Post-rarefaction (18,000
reads/sample), 12,847 ASVs remained across all samples
(Good's coverage 99.8%).

Baseline Characteristics

Demographic and clinical features were
comparable between groups (Table 1). Cases presented
with moderate mean diarrhea duration (4.8 £ 2.1 days)
and 35% moderate/severe dehydration. Routine
diagnostics identified pathogens in 28 cases (E. coli 42%,
Salmonella 18%, rotavirus 25%).
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Figure 1: Shannon index significantly reduced in acute diarrhea cases versus healthy controls
(Mean £ SD: 3.09 £ 1.00 vs 4.52 + 0.86; Wilcoxon rank-sum test p < 0.001, Cohen's d = 1.52).
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Table 1: Baseline Characteristics

Characteristic Cases (n=100) | Controls (n=100) | p-value
Age (years), mean = SD 152+123 16.8+12.5 0.312»
Male sex, n (%) 58 (58.0%) 55 (55.0%) 0.721%
Urban residency, n (%) 42 (42.0%) 48 (48.0%) 0.451¢
Diarrhea duration (days), mean + SD 48+2.1 N/A N/A
Stools per 24h, mean + SD 63+24 N/A N/A
Fever (>38°C), n (%) 67 (67.0%) N/A N/A
Dehydration moderate/severe, n (%) 35 (35.0%) N/A N/A
Hospital stay (days), mean + SD 32+£1.38 N/A N/A

~Independent t-test; 1y test.

Alpha Diversity
All alpha diversity metrics were significantly
reduced in cases versus controls (Wilcoxon rank-sum

p<0.001; Table 2, Figure 1). Largest effect size observed
for Observed ASVs (Cohen's d=1.94), indicating
substantial loss of microbial richness.

Table 2: Alpha Diversity Metrics

Diversity Metric | Cases (Mean + SD) | Controls (Mean £ SD) | Wilcoxon p | Cohen's d
Shannon 3.09 + 1.00 4.52 +0.86 <0.001 1.52
Simpson 0.66 +0.16 0.83+£0.11 <0.001 1.28
Observed ASVs 245.50 £ 85.10 409.60 + 83.10 <0.001 1.94
Faith's PD 12.40 £4.20 21.30£5.10 <0.001 1.67
ASVs = amplicon sequence variants; PD = phylogenetic diversity.
Phyla Composition (Top 3)
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Figure 2: Phyla Composition (Top 3)

Figure 2. Dominant phyla relative abundance.
Proteobacteria significantly enriched in acute diarrhea
cases (28.4% vs 9.2%) while Firmicutes (32.5% vs
48.7%) and Bacteroidetes (25.1% vs 35.6%) depleted
(ANCOM-BC2 FDR < 0.001 all phyla).

Beta Diversity and Community Composition
Principal coordinate analysis of Bray-Curtis

(PERMANOVA: pseudo-F=18.42, R?>=0.184, p=0.001,

999 permutations;

Figure

2).

confirmed distinction (R?>=0.162, p=0.001).

Weighted UniFrac

Phylum-level composition differed markedly
(Table 3). Cases exhibited Proteobacteria expansion
(28.4% vs 9.2%) and Firmicutes/Bacteroidetes depletion
(57.6% vs 84.3%; Wilcoxon p<0.001). ANCOM-BC2

dissimilarities revealed clear group separation identified six phyla differentially abundant (FDR<0.01).
Table 3: Dominant Phyla Relative Abundance
Phylum Cases % (SD) | Controls % (SD) | Log2FC (Cases vs Controls) | ANCOM-BC2 FDR
Firmicutes 32.5(12.3) 48.7 (11.8) -0.58 <0.001
Bacteroidetes 25.1(10.9) 35.6 (9.4) -0.51 <0.001
Proteobacteria 28.4 (14.2) 9.2 (4.8) 1.63 <0.001
Actinobacteria 8.2 (5.1) 4.12.3) 1.01 0.002
Fusobacteria 3.1(2.8) 0.8 (0.6) 1.92 <0.001
Verrucomicrobia 1.2 (1.0) 0.3(0.2) 2.01 0.008

Log2FC = log2(fold change); positive indicates case enrichment.
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Figure 3. Genus-level biomarkers. LEfSe analysis (LDA
score >2.0, FDR<0.05). Cases enriched in Escherichia-

Shigella, Streptococcus, Klebsiella; controls in
Faecalibacterium, Bacteroides, Roseburia.
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Figure 3: Genus-level biomarkers. LEfSe analysis (LDA score >2.0, FDR<0.05)

Cases enriched in Escherichia-Shigella (15.2%
vs 3.1%), Streptococcus (8.4% vs 2.7%), Klebsiella
(6.1% vs 1.2%); controls enriched in Faecalibacterium
(4.3% vs 12.5%), Bacteroides (12.1% vs 22.8%),
Roseburia (2.1% vs 7.3%).

Taxonomic Biomarkers
LEfSe analysis (LDA >2.0, FDR<0.05) identified 12
discriminant taxa:

e Case-Enriched (top 5): Escherichia-Shigella
(15.2% vs 3.1%), Streptococcus (8.4% vs
2.7%),  Klebsiella  (6.1% vs  1.2%),
Enterococcus (4.2% vs 0.9%), Fusobacterium
(3.1% vs 0.8%)

e Control-Enriched (top 5): Faecalibacterium
(12.5% vs 4.3%), Bacteroides (22.8% vs
12.1%), Roseburia (7.3% vs 2.1%), Blautia
(6.8% vs 2.4%), Akkermansia (2.1% vs 0.4%)

Random Forest classification achieved 89.5%
accuracy (10-fold CV, AUC-ROC=0.94), with top
predictors:  Escherichia-Shigella  (importance=0.23),
Faecalibacterium (0.19).

Clinical Correlations
Shannon index negatively correlated with:

Dehydration severity (p=-0.42, FDR=1.2x107°)
Hospital stay (p=-0.38, FDR=3.4x10"%)
Diarrhea duration (p=-0.31, FDR=0.002)

Urban cases showed higher Proteobacteria
abundance (32.1% vs 24.7% rural cases, p=0.023).
Routine culture confirmed E. coli pathotypes in 12/28
positives, aligning with microbiome enrichment.

Data files: Demographics [Table 1], alpha diversity
[Table 2], phyla composition [Table 3].

DISCUSSION

It is the first microbiome profile of patients with
acute diarrhea in Al-Qadisiyah hospitals, which discloses
a unique pattern of gut dysbiosis with a markedly low
bacterial diversity and composition changes that align
with the global acute diarrhea markers.

Reduced Alpha Diversity

The Shannon index (3.09 vs 4.52) is 31%
reduced, and this means that there was significant loss of
microbial evenness and richness. This is in line with the
washout hypothesis in which fluid loss occurs at a rapid
rate selectively removes advantageous anaerobes at the
expense of facultative anaerobes. The greatest effect size
in Observed ASVs (Cohens d=1.94, approximately 40
percent species loss) highlights intense microbial loss
throughout acute episodes.

Proteobacteria Dominance

The most significant signature of acute
diarrheal dysbiosis is Proteobacteria growth (28.4% vs
9.2%). The phylum contains the principal enteric
pathogens (Escherichia, Klebsiella, Salmonella) which
can survive in the disturbed, aerobic gut condition. The
depleted short-chain fatty acid (SCFA) producers
necessary to repair the epithelia and maintain immune
homeostasis are manifested by the reversed
Firmicutes/Bacteroidetes ratio (0.87 vs 1.37).

Genus-Level Biomarkers
The routine culture results (E. coli pathotypes in
42% positives) are directly related to Escherichia-
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Shigella enrichment (15.2% vs 3.1). This is consistent
with local hospital-acquired infection surveillance in Al-
Qadisiyah, in which Gram-negative bacteria were the
predominant (72%), with the first two (E. coli and K.
pneumoniae) ranked second and third, respectively
(Abbas et al., 2025). The ecological vacuum is occupied
by opportunistic Streptococcus (8.4% vs 2.7) and
Klebsiella (6.1% vs 1.2). On the other hand, depletion of
butyrate-producers (Faecalibacterium 4.3% vs 12.5%,
Roseburia 2.1% vs 7.3%) is the reason of impaired
mucosal healing and delayed recovery.

Clinical Relevance

The most clinically actionable finding is the
strong negative relationship between Shannon diversity
and the severity of dehydration (rtho= -0.42,
FDR=1.2x10 -5). Reduced diversity forewarns extreme
dehydration that needs hospitalization. Urban-rural
gradient in the abundance of Proteobacteria (32.1% vs
24.7%, p=0.023) singles out municipal water
contamination as the important transmission driver in Al-
Diwaniyah.

Strengths and Limitations

Key Strengths:
e  First 16S sequencing study from Al-Qadisiyah
hospitals

e  Well-matched case-control design (n=200)

e Integrated culture + sequencing validation

e Machine learning classification (89.5%
accuracy)

Limitations:
o Cross-sectional design precludes causality
e Moderate sample size limits rare taxon
detection
e No longitudinal recovery assessment

Clinical and Public Health Implications

1. Diagnostic Panel: Escherichia?l +
Faecalibacterium| as  rapid  dysbiosis
biomarker

2. Targeted Probiotics:
Lactobacillus/Bifidobacterium to restore anaerobe
dominance

3. Antibiotic Stewardship: Avoid broad-
spectrum agents in mild cases

4. Water Quality Interventions: Prioritize urban
distribution systems

Future Directions

Recovery of microbiomes during longitudinal
studies, region-specific probiotic RCT, and extension to
other Iraqi provinces. Functional inference using
PICRUSt2 may show inflammatory mechanisms
underlying long-term symptoms.

CONCLUSION

This paper creates a dysbiosis phenotype in the
Al-Qadisiyah cases of acute diarrhea that is characterized

by alpha diversity collapse, Proteobacteria dominance,
and loss of beneficial anaerobes. Findings support
microbiome-directed  therapeutic  strategies  and
underscore municipal water quality as a critical public
health priority.
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