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Abstract: Introduction: Infectious diarrhea, a significant global health challenge, is exacerbated by flooding, a consequence
of climate change and environmental disruption. This comprehensive study aims to quantify the association be-
tween flooding events and the incidence of infectious diarrhea, considering diverse demographic, environmental, and
pathogen-specific factors. Methods: In this systematic review and meta-analysis, adhering to PROSPERO protocol
(CRD42024498899), we evaluated observational studies from January 2000 to December 2023. The analysis incorpo-
rated global data from PubMed, Scopus, Embase, Web of Science, and ProQuest, focusing on the relative risk (RR) of
diarrhea post-flooding. The study encompassed diverse variables like age, sex, pathogen type, environmental context,
and statistical modeling approaches. Results: The meta-analysis, involving 42 high-quality studies, revealed a substan-
tial increase (RR = 1.40, 95% CI [1.29-1.52]) in the incidence of diarrhea following floods. Notably, bacterial and parasitic
diarrheas demonstrated higher RRs (1.82 and 1.35, respectively) compared to viral etiologies (RR = 1.15). A significant
sex disparity was observed, with women exhibiting a higher susceptibility (RR = 1.55) than men (RR = 1.35). Adults (over
15 years) faced a greater risk than younger individuals, highlighting age-dependent vulnerability. Conclusion: This ex-
tensive analysis confirms a significant correlation between flood events and increased infectious diarrhea risk, varying
across pathogens and demographic groups. The findings highlight an urgent need for tailored public health interven-
tions in flood-prone areas, focusing on enhanced sanitation, disease surveillance, and targeted education to mitigate
this elevated risk. Our study underscores the critical importance of integrating flood-related health risks into global
public health planning and climate change adaptation strategies.
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1. Introduction

In the evolving landscape of global health threats, floods
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stand as a paramount concern, particularly in their role as
catalysts for the spread of infectious diseases (1). Recognized
as the most prevalent natural disaster, floods have left an in-
delible mark on human history, evidenced by catastrophic
events such as the 1959 floods in China, the 1974 Bangladesh
floods, and the 2004 Southeast Asian tsunami (2-4). The in-
tensifying impact of climate change, manifesting in more fre-
quent and severe flooding due to changing precipitation pat-
terns and rising sea levels, necessitates a profound under-
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standing of the resultant health consequences. This impera-
tive drives the need for strategic public health measures and
interventions tailored to these water-related catastrophes.
The relationship between flooding and public health is most
evident in the increased incidence of infectious diarrhea fol-
lowing such events (5). The contamination of water sources
during floods disrupts sanitary conditions and facilitates
the transmission of various pathogens, leading to outbreaks
of diarrheal diseases. This rise in disease incidence has
been documented globally, indicating a consistent pattern of
health crisis following major flooding events. The impact is
particularly acute in areas with limited access to clean water
and sanitation infrastructure, exacerbating the vulnerability
of these populations (6-8).

Infectious diarrhea, caused by bacteria, viruses, and para-
sites, is significantly influenced by flood conditions (9). Bac-
terial infections such as cholera and E. coli infection, along
with parasitic infections like Cryptosporidium spp., have
been closely linked to the aftermath of floods (10, 11). Con-
trolling and managing these infections is critical, requiring
timely and effective public health interventions. However,
the recurrent and unpredictable nature of floods makes sus-
tainable disease management a challenging task (12).

To date, a comprehensive systematic review and meta-
analysis that fully encompasses the broad spectrum of di-
arrheal infections following flood incidents remains absent.
Despite the scarcity of research in this domain, the exist-
ing literature serves as a pivotal foundation for understand-
ing the epidemiological patterns of diarrheal diseases post-
floods, yet it also highlights significant limitations. A detailed
investigation by Lal et al. (2019) elucidated the association
between diarrhea induced by Cryptosporidium spp. and var-
ious environmental factors, recognizing challenges such as
biases in study selection, difficulties in generalizing findings
across distinct local ecosystems, and the broader implica-
tions of climate change on disease prevalence (13). Simi-
larly, Xin et al. (2021) examined the correlation between flood
events and an escalated risk of dysentery in China, facing
hurdles like the unquantifiable socioeconomic impacts, in-
adequate flood occurrence data, study heterogeneity, and re-
porting biases that complicate causal inferences (14). Levy
et al. (2016) conducted a systematic review on the influ-
ence of meteorological phenomena on diarrheal diseases,
contending with the integration of divergent data sources,
an overemphasis on heavy rainfall to the exclusion of other
relevant weather conditions, and the omission of sea sur-
face temperature data pertinent to certain pathologies (15).
Saulnier et al. (2017) offered a systematic analysis of health
outcomes following flood and storm disasters, concentrating
on diverse health issues including diarrheal diseases. They
identified the variability in study designs and the quality of
included studies as a major limitation, affecting the robust-
ness and applicability of their findings to diarrheal outcomes
post-disasters. Moreover, they noted the difficulty in directly
linking flood and storm exposure to specific health outcomes

due to the complex interplay of disaster impacts on health,
encompassing indirect effects on sanitation and healthcare
access (16).

So, our systematic review and meta-analysis aims to address
this need by examining the relative risk (RR) of various types
of diarrheal infections in the aftermath of flood events. By
providing a detailed analysis of both the immediate and pro-
longed risks associated with different pathogens and consid-
ering the influence of environmental and demographic fac-
tors, this study seeks to deepen the understanding of the epi-
demiological trends of flood-related diarrheal diseases. We
intend to overcome the limitations observed in the previ-
ous studies by broadening the scope of our search and in-
cluding a wider range of diarrheal infections and causative
agents. The ultimate goal is to provide information and im-
prove public health protocols for managing these infections,
particularly in the context of increasing flood events, thereby
contributing to the preparedness and resilience of health sys-
tems and communities against this growing threat.

2. Methods
2.1. Study design and setting

In compliance with the meta-analysis of observational stud-
ies in epidemiology (MOOSE) guidelines, this study was reg-
istered in PROSPERO (17), bearing the registration number
"CRD42024498899’. Studies reported in English between Jan-
uary 1, 2000, and December 1, 2023, which assessed diarrhea
risk at least one week following a flood event were included
for consideration. Only observational studies, including co-
hort, spatial ecology, case-control, cross-sectional and time-
series studies, were included. These studies needed to be
published as original research articles in peer-reviewed jour-
nals.

2.2. Comprehensive literature search strategy

Our methodology for the literature review stringently filtered
observational studies quantifying the RR and 95% confi-
dence intervals (CIs) for post-flood diarrheal outbreaks. The
scope of our review was limited to scholarly articles in En-
glish, sourced from prestigious databases including PubMed,
Scopus, Embase, Web of Science, and ProQuest, alongside
grey literature accessed through Google and Google Scholar.
Our search strategy was meticulously crafted, incorporating
a comprehensive range of terms and their medical subject
headings (MeSH) related to both flooding and diarrheal con-
ditions. For a detailed illustration of our search strategy as
applied in the PubMed database, refer to Table S1.

2.3. Study selection

Our selection methodology was guided by the PECOS (pop-
ulation, exposure, comparison, outcomes, and study design)
criteria: Population: Our analysis focused on human popu-
lations affected by flood events, without restrictions on age,
sex, ethnicity, or socio-economic status.
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Exposure: The primary exposure of interest was flooding
events, defined as significant and sudden increases in water
level due to heavy rainfall, dam breakages, or other hydrolog-
ical phenomena leading to partial or complete inundation of
normal dry land.

Comparison: The comparison was made between popu-
lations exposed to flooding events and those not exposed,
within the same or different geographical regions, to ascer-
tain the RR of developing diarrheal diseases post-exposure.
Outcomes: The primary outcome was the incidence of diar-
rheal diseases, with required reporting on RR and 95% CI or
providing comprehensive data enabling these calculations.
Secondary outcomes included risk variation across demo-
graphics (age and sex), pathogen types, time delays in disease
manifestation during the initial week and/or from the second
week forward, duration until resolution, climatic categoriza-
tions, diarrheal classifications, the utilization of diverse sta-
tistical models and the human development index (HDI) of
the flood-affected region.

Exclusion criteria

We omitted studies that did not align with our precise pa-
rameters, including research on other natural disasters apart
from floods or studies examining non-infectious diarrhea
post-flood. Non-observational research formats, such as
editorials, conference proceedings, and abstracts, reviews,
books, theses, unstructured papers, proceeding papers and
dissertations, as well as studies involving animals or employ-
ing in vitro/in silico methodologies, were systematically ex-
cluded. Moreover, research articles where raw data was in-
accessible or where only abstracts were available without full
text were also excluded from our analysis.

2.4. Data collection

The process of data extraction was meticulously conducted
by two independent evaluators (M.S.Y. and M.A.A.). This in-
volved a detailed scrutiny of titles and abstracts from the ini-
tially screened literature, aligned with the predefined inclu-
sion and exclusion criteria. In instances of divergent opin-
ions, a third adjudicator (M.C.) was brought in to reach a
consensus. For the selected studies, an in-depth review of
the entire text was performed. A bespoke data extraction
template was employed for uniformity and accuracy in data
collection. The extracted parameters included the lead au-
thor’s name, year of publication, geographical location of the
study, climatic categorization, duration of the study, diver-
sity in diarrheal types, time lags in disease onset, resolution
period, employed statistical models, the HDI of the region
and the RR with their corresponding 95% CI. Additionally, the
adjusted variables in each study were meticulously recorded
to provide clarity on the context and adjustments of the re-
ported associations. To assure the precision and reliability of
our systematic review, both reviewers independently cross-
verified the extracted data. This comprehensive process also
included detailed documentation of pathogen types (bacte-
ria, viruses, and parasites), study types, and demographic de-
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tails (age and sex groups) involved in the studies.

2.5. Subgroup analysis and meta-regression

In our investigation, we undertook targeted subgroup anal-
yses to delineate the RR of diarrhea across varied demo-
graphic profiles and environmental conditions, like age, sex,
and the type of pathogen present. The objective was to delin-
eate distinctive risk patterns that could elucidate the mech-
anisms of disease propagation in the aftermath of flooding
events. Concurrently, we employed meta-regression tech-
niques to systematically assess the impact of potential mod-
erating variables on these risk associations, thereby provid-
ing a quantified analysis of the factors influencing disease dy-
namics.

2.6. Assessment of study quality and publication
bias

The integrity and potential biases within the observational
studies included in our meta-analysis were rigorously as-
sessed by two independent reviewers (M.H. and M.Y.Z).
Conflicts among primary investigators were resolved through
adjudication by a third party (R.M.). The evaluation pro-
cess utilized the Newcastle-Ottawa Scale (NOS) for assess-
ing the quality of non-randomized studies, focusing on selec-
tion, comparability, and outcome exposure. The NOS scores,
ranging from 0 (lowest quality) to 9 (highest quality), facil-
itated the stratification of studies into categories reflecting
their methodological quality. Further, to mitigate publication
bias, we conducted both a visual assessment of funnel plots
and applied Egger’s regression test for a more formal evalua-
tion of plot symmetry. As a sensitivity analysis, random trim
and fill method was used in cases where the funnel plot was
asymmetrical.

2.7. Sensitivity analysis

To validate the robustness of our findings, sensitivity analy-
ses were performed by excluding studies identified as having
a high risk of bias or those based on small sample sizes (<
400). This critical step ensured the reliability of our conclu-
sions and the stability of the overall evidence base regarding
the incidence of diarrhea associated with flood events.

2.8. Statistical analysis

We employed Review Manager (RevMan) version 5.4 and
Stata version 14 for the precise computation of pooled RRs
via the inverse variance method, which consolidates the
weighted means of the logarithmic transformations of in-
dividual study RRs and their 95% ClIs.
preference was given to adjusted RRs to enhance the pre-
cision of our estimates and minimize potential biases, with
all instances of unadjusted RRs explicitly indicated. The
heterogeneity across studies was quantified using the I?

In our analysis, a

statistic, which informed our selection of either fixed or
random-effects models depending on the level of hetero-
geneity observed: 0% indicating no heterogeneity, < 25%
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low, >25%—<75% moderate, and =75% high. In situations
where moderate to high heterogeneity was detected, we con-
ducted subgroup analyses and meta-regression to explore
the sources of variability. For cases where RR values were
not directly reported, we utilized a specific formula to de-
termine the comparative risk of diarrhea among popula-
tions impacted by floods compared to those that were not:
RR=((a/(a+b)))/((c/(c+d)))

In this formula:

a represents the count of diarrhea cases in flood-affected
Zones.

b denotes the number of individuals without diarrhea in the
same flood-affected areas.

cis the count of diarrhea cases in areas not affected by floods.
d indicates the number of non-diarrhea individuals in the
non-affected areas.

This detailed methodology was supported by EndNote ver-
sion 21 for reference management and data organization.
This meticulous approach, complemented by a strict adher-
ence to a statistical significance threshold (set at p-value <
0.05).

3. Results
3.1. Study selection

In an exhaustive initial search, 18,012 records were ascer-
tained through multiple databases and ancillary sources.
The subsequent deduplication process yielded 5,289 records
amenable to the screening phase. Rigorous application of
exclusion criteria, predominantly via automated tools and
additional stipulations, resulted in the preclusion of 5,233
records from further consideration. A targeted assessment
was conducted on 56 full-text articles. This evaluative phase
culminated in the exclusion of 14 articles, with the under-
lying rationales comprehensively catalogued within the Pre-
ferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) flow chart (Figure 1).

Ultimately, a cohort of 42 studies (18-41) was distilled for
qualitative synthesis; this subset was concurrently qualified
for quantitative synthesis.

3.2. Study characteristics

In our systematic review and meta-analysis, we scrutinized
42 peer-reviewed articles published between 2000 and 2023,
focusing on the role of floods in the spread of infectious di-
arrhea. This collection of studies provides a rich tapestry of
research methodologies, encompassing 2 case-control stud-
ies (24), 3 cohort studies (19, 36), 4 cross-sectional studies
(18, 22), 2 spatial ecological studies (39), and a majority of
31 time-series studies (21, 23, 25-35, 37, 38, 40-42). The ge-
ographical coverage of these studies is extensive, including 7
studies from Bangladesh (20, 22, 23, 36), with additional con-
tributions from Brazil (24), Ghana (18), Peru (19), Vietnam
(39), and China (25-35, 37, 38, 40-42). The resolution time
analysis within these studies varies, incorporating 15 daily

(18, 20, 21, 26, 27, 32, 35, 40), 17 monthly (19, 22, 24, 25,
28-31, 36-38), and 10 weekly studies (23, 30, 33, 39, 41, 42).
The studies also reflect a diversity of climatic conditions, with
16 focusing on subtropical regions (26, 28-35), 13 in temper-
ate climates (21, 25, 27, 37, 38, 40-42), and the remaining 13
in tropical areas (18-20, 22-24, 36, 39). Among the reviewed
studies, 19 reported on watery diarrhea (18-24, 26, 36, 39),
10 on bacillary dysentery (25, 28, 30, 35, 42), 8 on bacillary
dysentery combined with watery diarrhea (32, 34, 37, 40), 1
on dysentery alone (29), and 4 on a combination of dysentery
with watery diarrhea (27, 33). Moreover, the statistical mod-
els employed in these studies varied including distributed lag
non-linear models (DLNM) in 7 studies (30, 33-35), general-
ized additive mixed model (GAMM) in 11 studies (28, 29, 31,
36-38, 42), generalized linear models (GLM) in 11 studies (19,
21-23), generalized linear mixed models (GLMM) in 2 studies
(39), with other models used in the remaining studies (18, 20,
24-27, 32, 40, 41). Notably, the research also delved into the
RRs associated with different types of diarrheas, including
bacterial (19, 20, 22, 23, 32, 34), viral (19, 22), parasitic (19),
and non-infectious (22), as well as sex-specific risks, with 12
studies focusing on men (22, 23, 25, 27, 30, 35, 41) and 9 on
women (23, 25, 27, 30, 35, 41).

The temporal lag in diarrhea incidence following floods was
examined, with 14 studies (19, 21, 23, 27, 28, 30-33, 35, 37,
38) examining risks within 7 days of a flood event, while oth-
ers assessed longer-term impacts (18-30, 32-34, 36, 37, 39-
42). Additionally, concerning the HDI of regions impacted
by floods, 10 studies were conducted in areas with a medium
HDI (18, 20, 22, 23, 36, 39), whereas the remaining investi-
gations took place in regions classified at a high HDI level.
(Table S2).

3.3. Quality assessment and risk of bias analysis

Our publication bias evaluation, using Egger’s test and the
Trim and Fill method, revealed potential bias (intercept 8.69,
p-value = 0.005) across 42 studies. Despite this, the Trim and
Fill method kept the pooled RR unchanged at 1.40 (95% CI
[1.29, 1.52]). Bias was notable in studies with follow-ups over
seven days, requiring 14 studies to be trimmed to adjust the
RR to 0.98 (95% CI [0.79, 1.20]), whereas no bias was found
in short-term studies (< 7 days), maintaining an RR of 1.31
(95% CI [1.11, 1.55]). Bias in monthly studies did not lead to
adjustments; however, trimming two weekly studies adjusted
the RR to 1.06 (95% CI [0.99, 1.14]). Tropical studies showed
bias, corrected by trimming seven studies to an RR of 1.05
(95% CI [0.78, 1.33]). Cross-sectional studies showed bias (p-
value = 0.029), adjusted by trimming to an RR of 1.10 (95% CI
[0.88, 1.34]), and time-series studies, after trimming 13 stud-
ies, adjusted to an RR of 0.95 (95% CI [0.84, 1.07]) (Table S3).
However, the sensitivity analysis underscored the robustness
of our findings, indicating that no single study unduly influ-
enced the meta-analysis results (Figure S1). Quality assess-
ment using the NOS affirmed the high caliber of the included
studies (Table 1), with most achieving top scores. The funnel

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).

Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index



plots, supplemented by Egger’s test, confirmed these results,
albeit with a slight asymmetry in the overall risk, suggesting
a robust and reliable conclusion of increased diarrhea risks
post-flooding (Figure 2).

3.4. Meta-analysis

3.4.1. Impact of flooding on diarrhea risk

Figure 3 presents the RRs for diarrhea incidence following
flood events, indicating an overall RR of 1.40 (95% CI [1.29,
1.52]) from the meta-analysis of 42 studies. Notwithstanding
the indication of publication bias as suggested by the funnel
plot in Figure 2A, the effect size remains unchanged and sta-
tistically significant after the trim and fill method adjustment
(RR=1.40,95% CI [1.29, 1.52], as shown in and Table S3). The
12 statistic is reported at 99%, and the overall effect has a p-
value < 0.001.

3.4.1.1. Differential impact of flooding on diarrheal dis-
eases

Figure 4 outlines the varied effects of flood events on the RR
of diarrheal diseases with bacterial, viral, parasitic, and non-
pathogenic origins. The RRs with their 95% Cls are reported
as follows: for bacterial diarrhea, the combined RR is 1.82
(95% CI [1.49, 2.22]), viral diarrhea has an RR of 1.15 (95%
CI [0.66, 2.02]), while parasitic diarrhea shows an RR of 1.35
(95% CI [1.15, 1.59]). Non-pathogenic diarrhea has a com-
bined RR of 0.86 (95% CI [0.68, 1.09]). I2 values indicate sub-
stantial heterogeneity among studies: 95% for bacterial, 98%
for viral, 64% for parasitic, and 94% for non-pathogenic diar-
rheas. The p-values for the overall effect are < 0.001 for both
bacterial and parasitic diarrheas. Conversely, viral and non-
pathogenic diarrheas do not show statistically significant as-
sociations.

3.4.2. Sex-specific diarrhea risk following flood events
Figure 5 presents the RRs and 95% ClIs for diarrhea incidence
following flood events, disaggregated by sex. The meta-
analysis shows an RR of 1.35 (95% CI [1.06, 1.73]) for males,
with an overall effect p-value < 0.05. For females, the RR is
reported at 1.55 (95% CI [1.19, 2.03]), with a p-value < 0.001,
indicating statistical significance. The heterogeneity within
the studies is high, as shown by I? values of 98% for males
and 95% for females.

3.4.3. Age-related diarrhea risk following flood exposure
Figure 6 provides a stratified analysis of diarrhea risk after
flooding, focusing on two age groups. For individuals un-
der 15 years, the combined RR is 1.21 (95% CI [0.93, 1.57]).
In contrast, those aged 15 years and above show a combined
RR of 1.39 (95% CI [1.11, 1.75]). There is significant hetero-
geneity among the studies for both age groups, with an I? of
98%. The aggregated data indicate that the increase in risk
for the younger age group is not statistically significant, with
a p-value of 0.16, while the older age group’s increased risk is
significant with a p-value = 0.004.

3.4.4. Infectious diarrhea risk after flooding

3.4.4.1. Bacterial diarrhea risk after flooding

Figure 7 presents a meta-analysis on the risk of bacterial diar-
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rhea after flooding, examining specific bacterial pathogens.
The RR for Campylobacter spp. is 2.44 (95% CI [2.09, 2.85])
with a heterogeneity of 55%. Shigella spp. have an RR of 1.99
(95% CI [1.48, 2.68]) and a heterogeneity of 85%. The RR for
E. coli spp. is 1.73 (95% CI [1.17, 2.54]) with a heterogeneity of
96%. Salmonella spp. show an RR of 2.61 (95% CI [1.58, 4.31])
with a heterogeneity of 38%. For Vibrio spp., the overall RR is
2.28 (95% CI [1.34, 3.86]) with a heterogeneity of 98%.
3.4.4.2. Influence of flooding on viral diarrhea risk

Figure 8 reports the RR of viral diarrhea following flood
events, segmented by virus type. Adenovirus-related diarrhea
has an RR of 3.28 (95% CI [2.72, 3.96]) with consistent find-
ings across studies (I = 0%). Astrovirus shows an increased
RR 0f2.93 (95% CI [1.85, 4.65]) with considerable heterogene-
ity (12 = 87%). The RR for norovirus stands at 2.94 (95% CI
[2.52, 3.44]), again with no heterogeneity (12 = 0%). Rotavirus
infections display a combined RR of 1.77 (95% CI [0.64, 2.12]),
with notable heterogeneity (I = 95%) and the p-value = 0.61.
Sapovirus-associated RR is reported at 3.02 (95% CI [0.85,
10.79]), with substantial heterogeneity (IZ = 97%) and a non-
significant p-value = 0.09). The meta-analytic RR for all vi-
ral pathogens combined is 2.17 (95% CI [1.53, 3.07]), with an
overall heterogeneity of 96%. The p-value for the combined
viral pathogen risk is reported as p-value < 0.001.

3.4.4.3. Post-flooding risk of parasitic diarrhea

Figure 9 of our meta-analysis report on the risk of parasitic di-
arrhea following flood events, focusing on Cryptosporidium
spp. and Giardia spp. Cryptosporidium spp. shows an RR of
2.71 (95% CI [2.10, 3.49]) with low heterogeneity (IZ = 6%).
For Giardia spp., the RR varies with the timing of floods; in
the late stage, an RR of 1.34 (95% CI [1.17, 1.54]) is reported,
while the early stage shows an RR of 1.04 (95% CI [0.89, 1.22])
according to Colston et al. (2020) (19). The combined RR
for Giardia spp., covering both periods, is 1.19 (95% CI [0.93,
1.52]), with high heterogeneity (I2 =82%). The overall RR for
parasitic diarrhea after flooding is 1.74 (95% CI [1.17, 2.61]),
with a p-value < 0.001.

3.4.5. Delineation of diarrhea risk post-flooding through
subgroup analysis

Our study conducts a subgroup analysis to explore the risk of
diarrhea following flood events, focusing on various factors
(Table 2). Temporal lag analysis indicates that risks are higher
atan RR of 1.31 (95% CI [1.11-1.55]) within a week after flood-
ing, increasing to 1.44 (95% CI [1.25-1.66]) for reports beyond
one week. Despite evidence of publication bias within stud-
ies reporting a temporal lag > 7, as indicated by the funnel
plot, the RR continued to be significant following the trim
and fill adjustment. The adjusted RR was slightly lower but
still substantial at 0.98 (95% CI [0.79, 1.20]), with the associ-
ated p-value remaining below the threshold of 0.001 (Table
S3). Resolution time analysis yields RRs of 1.47 (95% CI [1.23-
1.76]) for monthly, 1.12 (95% CI [1.08-1.17]) for weekly, and
1.32 (95% CI [1.11-1.56]) for daily resolutions.

However, there is publication bias in the weekly subgroup,
as seen by the funnel plot. The RR remained significant (RR
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= 1.06 (95% CI [0.99, 1.14]), p-value < 0.001, Table S3) even
when the trim and fill approach was used. The subgroup
analysis shows that subtropical regions have an RR of 1.27
(95% CI [1.13-1.43], tropical climates report an RR of 1.61
(95% CI [1.37-1.88]), and temperate climates have an RR of
1.20 (95% CI [1.11-1.31]). The existence of publication bias
in the tropical area category is shown by the funnel plot.
Following the implementation of the trim and fill method,
although it still remained statistically significant (RR = 1.05
(95% CI [0.78, 1.33]), p-value < 0.001, Table S3). Also, the
analysis indicates that all types of diarrhea studied show an
increased RR, with bacillary dysentery having the RR of 1.53
(95% CI [1.28, 1.81]), followed by dysentery at 1.44 (95% CI
[1.18, 1.76]), a combination of bacillary dysentery and wa-
tery diarrhea at 1.53 (95% CI [1.28, 1.81]), and watery diarrhea
showing the RR at 1.39 (95% CI [1.24, 1.56]), all with high sta-
tistical significance as indicated by p-values < 0.001. The fun-
nel plot reveals publication bias for watery diarrhea, yet the
trim and fill-adjusted RR remains significant at 0.916 (95% CI
[0.76, 1.08], p < 0.001, Table S3).

Different statistical models produced varied RRs: DLNMs at
1.45 (95% CI [1.23-1.70]), GAMMs at 1.38 (95% CI [1.22-1.56]),
and GLM at 1.43 (95% CI [1.14-1.79]). The risk reported also
varied by study design, with RR of case-control studies be-
ing at 2.29 (95% CI [2.20-2.38]), cohort studies at 2.29 (95%
CI [1.95-2.69]), time-series at 1.31 (95% CI [1.20, 1.43]) and
cross-sectional studies at 1.26 (95% CI [1.05-1.51]). Publica-
tion bias is evident in cross-sectional and time-series studies
per the funnel plot. Post-trim and fill adjustment, the RRs
were significant albeit lower at 1.10 (95% CI [0.88, 1.34]) and
0.95 (95% CI [0.84, 1.07]), respectively, with p-value < 0.001
(Table S3).

Also, the results pertaining to the HDI level demonstrate that
for medium-HDI countries, the RR is 1.38 (95% CI [1.21,
1.57]), and for high HDI countries, the RR is 1.39 (95% CI
[1.23-1.59]).

3.5. Meta-regression

In our study, a meta-regression model assessed the impact
of different research variables on the risk of infectious diar-
rhea following flooding events. The time elapsed since flood-
ing events showed no significant effect on diarrhea risk (8 =
-0.0837, p-value > 0.05). The variety of statistical models used
across studies (8 = -0.0260, p-value > 0.05) also did not signif-
icantly alter the risk estimates. Climate conditions were not
a significant modifier of diarrhea risk (8 = -0.0958, p-value >
0.05). The detail of data resolution, whether monthly, weekly,
or daily, had no significant effect on the risk findings (8 =
0.0737, p-value > 0.05). The clinical type of diarrhea, watery
or dysenteric, was not associated with different levels of risk
due to flooding (coefficient 0.0169, p-value > 0.05). Study de-
sign, including case-control and cohort studies, did not sig-
nificantly influence the risk association (8 = -0.0115, p-value
> 0.05). Similarly, the HDI status did not significantly predict
the risk of diarrhea, with a slight, non-significant decrease in

risk as HDI status increased (8 = -0.0162, p-value > 0.05).

4, Discussion

The connection between floods and the rise of infectious di-
arrhea is a public health concern, highlighted by our meta-
analysis of 42 studies. Our findings indicate a 40% increased
risk of diarrhea in flood-affected regions (pooled RR of 1.40),
reinforcing and expanding on earlier work by Heller et al.
(2003) (24). Despite observing some publication bias initially,
the adjustment with the trim and fill method left the total
RR and its 95% CI unchanged and fully overlapping. We also
observed that bacterial diarrhea risk (RR of 1.82) was higher
than that for viral (1.15) and parasitic (1.35) diarrheas, sup-
porting Luo et al. (2023)’s findings and suggesting that wa-
terborne transmission is significant (43). Interestingly, non-
pathogenic diarrhea risks did not rise post-flood, emphasiz-
ing that water contamination is a key factor in the spread of
infectious agents during such events (44).

Our sex-specific analysis uncovered a crucial insight into how
flooding differentially impacts infectious diarrhea risk be-
tween women and men.

We found a higher risk for women, with a RR of 1.55, com-
pared to 1.35 for men. This disparity suggests potential sex-
related vulnerabilities and different levels of exposure or sus-
ceptibility to flood events, possibly due to societal roles, be-
havioral patterns, or biological differences.

This observation is in line with other studies that have high-
lighted the unique challenges faced by women during natu-
ral disasters, including floods (45). Research by Sadia et al.
(2014) demonstrated that women, often the primary care-
givers and tasked with water collection and food prepara-
tion, are more susceptible to exposure to contaminated wa-
ter during floods, increasing their risk of waterborne diseases
(46). This increased risk could also reflect broader socio-
economic and health disparities that worsen during disas-
ters, as women in lower-income areas often have less access
to healthcare resources and information, hindering their pro-
tection efforts during and after floods (47). These findings
underscore the need for sex-sensitive public health planning
and disaster management, advocating for interventions like
targeted health education for women, equitable healthcare
access post-disaster, and involving women in disaster plan-
ning and response (48). Despite the subgroup analysis of
studies focusing on the HDI, and notwithstanding the in-
creased risk of diarrhea in regions with high and medium
HDI (p-value < 0.001), there was no notable distinction in the
incidence between the two areas (p-value = 0.89).

Our study indicates an increased risk of infectious diarrhea
among individuals over 15 years, challenging the conven-
tional focus on children’s vulnerability (41). This discrepancy
could stem from adults’ greater mobility and interactions
with flood-impacted environments, such as through work or
relief efforts, leading to increased exposure to contaminated
water (49). This aligns with Alderman et al. (2012), who noted
that adults’ participation in outdoor flood-related activities
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could heighten their risk of waterborne diseases (50). Addi-
tionally, adults’ health-seeking behaviors and existing health
conditions might influence their vulnerability and response
to diarrheal diseases after floods. While public health typi-
cally focuses on children’s higher risk due to their develop-
ing immune systems and behaviors (51), our findings suggest
a need for age-adjusted public health measures. Strategies
should differ, with children’s interventions focusing on hy-
giene and safe play, and adults on safe floodwater handling
and quick access to healthcare. This elevated risk among
adults emphasizes the necessity for inclusive flood manage-
ment and public health strategies that address the diverse
needs of all age groups, advocating for a broad approach to
mitigate risks associated with floods.

Our meta-analysis provides a detailed understanding of how
bacterial pathogens spread in flood conditions, with par-
ticular focus on Campylobacter spp. and Salmonella spp.,
which exhibit high RRs due to their waterborne transmission
modes, intensified during floods (52, 53). These findings are
consistent with the expected behavior of these pathogens in
contaminated water following floods. However, the RRs for E.
coli spp. show a distinct variability, from about 0.69 to 2.66,
indicating a complex interplay of factors like strain charac-
teristics, environmental conditions, and water and sanitation
infrastructure quality that affect its spread during floods, al-
beit not as variably as previously thought (54, 55). This nu-
ance in our understanding of E. coli transmission risks un-
derlines the need for specific public health actions tailored
to the pathogen’s unique behavior in flood scenarios. It high-
lights the necessity of recognizing pathogen behavior diver-
sity in response to environmental changes brought by flood-
ing. Schwartz et al. (2006) support our conclusions, showing
that the influence of flooding on waterborne disease trans-
mission, like that caused by E. coli, can differ greatly based on
local sanitation conditions, floodwater contamination levels,
and public health system effectiveness (56). Our findings em-
phasize the need for adaptable public health strategies that
address the particular transmission dynamics of E. coli in
flood contexts, demanding a sophisticated approach to en-
sure effective management of these risks.

Our research highlights an increased risk for viral diarrheal
diseases, specifically adenovirus and norovirus, underscor-
ing their prominence in waterborne outbreaks during floods
(57). These viruses are known for their durability in wa-
ter and their potential to cause significant gastroenteritis
outbreaks (58, 59). The observed rise in RRs for these
viruses in flood conditions supports their efficient trans-
mission through contaminated floodwaters, consistent with
findings from other studies on waterborne diseases. La Rosa
etal. (2017) provide evidence of noroviruses’ ability to persist
in water environments due to their low infectious dose and
resilience to environmental pressures, leading to outbreaks
after floods (60). Adenoviruses are similarly noted for their
stability in water and have been linked to outbreaks where
floods have affected sanitary conditions (61).
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The notable variability in rotavirus risk ratios identified in
our study suggests diverse regional transmission patterns
and the influence of differing public health interventions
(62). Rotaviruses, known for causing viral gastroenteritis pri-
marily in children, have experienced shifts in epidemiology,
largely due to the adoption of rofavirus vaccinations across
various regions (63). This widespread vaccination effort may
account for the observed variability in RRs, with regions hav-
ing extensive vaccination coverage showing lower RRs com-
pared to those with limited vaccination (64). This variation
in risk is supported by Burnett et al. (2016), who found that
rotavirus vaccination programs have significantly decreased
disease incidence in certain areas, thereby affecting risk as-
sessments in flood situations (65). The differential effective-
ness of public health measures, including vaccination, san-
itation practices, and flood management, appears to play a
critical role in the diverse risk ratios seen for rotavirus.

Our study identifies a consistent increase in risk for parasitic
infections, especially Cryptosporidium spp. and Giardia spp.,
underscoring the challenge these pathogens present in flood
conditions. Both parasites are notably resilient, thriving in
harsh environments and thereby posing significant risks dur-
ing floods due to water contamination (66). Cryptosporid-
ium, causing cryptosporidiosis mainly in children, has a ro-
bust oocyst form that endures in water for extended periods
(67). Giardia, leading to giardiasis, similarly withstands en-
vironmental pressures, persisting in water bodies and elevat-
ing transmission risk during floods (68). This aligns with their
transmission characteristics and is supported by Efstratiou
et al. (2017), who found flooding boosts the prevalence of
these waterborne parasites in water systems (69). The study
highlighted how floodwaters, contaminated with sewage and
animal waste, facilitate the spread of Cryptosporidium and
Giardia, triggering gastrointestinal illness outbreaks. Their
survival capabilities in water and potential for causing long-
lasting infections make these pathogens challenging to man-
age post-flood, emphasizing the need for comprehensive
public health strategies focused on both immediate and
prolonged responses, including sanitation enhancements to
mitigate transmission risks.

Our study’s temporal lag analysis highlights the dynamics of
diarrheal disease risk following flooding, noting variable risks
with a significant increase in the first week post-flood. This
suggests a quick escalation in waterborne disease risk due
to immediate water source contamination and sanitary dis-
ruption, aligning with findings from Alderman et al. (2012),
who pointed out the swift impact of floods on spreading wa-
terborne diseases (50). The influx of contaminants into wa-
ter sources post-flooding calls for urgent public health ac-
tions, emphasizing the importance of immediate interven-
tions such as providing safe drinking water, emergency san-
itation, and rapid medical services to prevent disease out-
breaks. Immediate public health messaging is also crucial,
educating communities on the risks and preventive actions
against waterborne diseases. Moreover, the observed vari-
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ability in prolonged risks indicates the need for sustained
efforts in monitoring water quality, maintaining sanitation,
and educating the public to mitigate disease spread long af-
ter the initial flood event, underscoring the extended nature
of flooding’s public health impact.

Expanding on meta-regression analysis that highlights
floods’ widespread effect on diarrheal disease risk, our study
broadens the discourse beyond the focused analyses by Lal
etal. (2019) (13) and Xin et al. (2021) (14). Unlike Lal et al.,
who investigated cryptosporidiosis in children within specific
socio-economic and environmental contexts, our research
covers a wider spectrum of diarrheal diseases, including bac-
terial, viral, and parasitic infections. Xin et al.’s study, which
looked at dysentery in China and observed an increased risk
during flood periods, is complemented by our global analy-
sis that not only aligns with their findings but also extends
them by evaluating various diarrheal pathogens, resulting
in RRs like 1.82 for bacterial and 1.35 for parasitic diarrhea.
The broader geographic coverage and variety of diarrheal
diseases examined in our study likely contribute to the ob-
served higher RRs. Moreover, by directly associating flood
events with an array of diarrheal diseases, our analysis offers
a clearer insight into flooding’s impact, distinguishing it from
the more indirect approaches seen in previous research.

Our systematic review and meta-analysis offer detailed in-
sights into the transmission dynamics of bacterial pathogens
in floods, yet there are limitations affecting the generalizabil-
ity of our findings. The included studies vary widely in terms
of geography, demographics, and methodologies, enriching
the data but potentially limiting global applicability. Differ-
ences in water and sanitation infrastructure quality across
regions likely influence the RRs observed, complicating our
results’ interpretation. Additionally, publication bias and the
exclusion of non-English studies may skew risk estimates and
omit important data. However, the application of the trim
and fill method has also partially addressed the issue of pub-
lication bias. Although, the subgroup analysis suggested that
variations in time resolution, climate categorization, the sta-
tistical models applied, and the nature of the observational
studies might be the principal contributors to publication
bias. Furthermore, the observational nature of the studies
underlying our analysis means we cannot definitively assert
causality. The link between flooding and bacterial pathogen
transmission, though indicative, requires cautious interpre-
tation, as our observational data do not support the same
level of inference as experimental research.

5. Conclusion

Our comprehensive systematic review and meta-analysis has
elucidated a significant elevation in the risk of infectious di-
arrhea attributable to flooding events. This increase is par-
ticularly marked in bacterial and parasitic infections, un-
derscoring the critical impact of such natural disasters on
public health. Notably, the augmented risk observed in
women and adults signifies demographic-specific suscepti-

bilities that warrant focused attention. The findings from this
global study transcend geographical boundaries and climatic
variations, indicating the widespread and ubiquitous nature
of flood-related health risks. Despite some heterogeneity in
the data, the evidence strongly supports the necessity of de-
veloping and implementing robust public health strategies
in anticipation of, and in response to, flood events. These
strategies should prioritize the reinforcement of sanitation
measures and the assurance of safe water supply to mitigate
the heightened risk of infectious diseases post-flooding.
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Identification

Screening

Included

Records identified through

database searching: .
N Additional records

PubMed (n = 616) identified through other
Scopus (n=1185) -
Embase (n=614) o .
Web of science (n = 910) Citation searching (n = 2)
ProQuest (n=383)

Google Scholar (n = 14300)

SOUrces.

v Records removed:
Duplicate records (n = 10832)
Records identified: (n=18012) Records marked as ineligible by
automation tools (n = 1045)

Other reasons (n = 846)

Records excluded: (n=35233)
Review (n=2974)

Abstract screened: (n=5289) Non-English language (n = 1543)
Animal studies (n= 164)

Others (n=552)

Full-text articles excluded: (n=14)
Trrelevant (n=2)
No diarrheal outcome (n = 8)

Other outcomes (n=2)
Unavailable full text (n =2)

Full-text articles assessed for
eligibility: (n = 56)

Y

Studies included in qualitative
synthesis: (n = 42)

Studies included in quantitative
synthesis (meta-analysis): (n=42)

12

Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) flow diagram for the selection of studies on flood-

related infectious diarrhea.

JEVWERBH PubMed search syntax for assessing health outcomes related to flooding

Database

Search syntax

PubMed

(tsunami(tiab] OR rainfall*[tiab] OR flood*[tiab] OR "hydrological event*"[tiab] OR deluge*[tiab] OR torrent*[tiab]
OR "high water"[tiab] OR "high tide"[tiab] OR stormwater*[tiab] OR waterlogging[tiab] OR "water logging"[tiab] OR
"storm surge*"[tiab] OR inundation*|[tiab]) AND (health[tiab] OR morbidit*[tiab] OR mortalit*[tiab] OR death*[tiab] OR
sick*[tiab] OR illn*[tiab] OR wound*[tiab] OR injur*(tiab] OR accident*[tiab] OR disease*[tiab] OR disorder*[tiab] OR
syndrome*[tiab] OR infection*[tiab] OR abnormalit*[tiab] OR trauma*[tiab] OR epidemi*[tiab] OR "side effect*"[tiab]
OR 'risk factor*"[tiab] OR outbreak*[tiab] OR "Frequency"[tiab] OR "Prevalence"[tiab] OR "Incidence"[tiab] OR "Spon-
taneous"[tiab] OR fever*[tiab] OR "water-related"[tiab] OR "water related"[tiab] OR "water-borne"[tiab] OR "water
borne"[tiab] OR diarrhea[tiab] OR diarrhoea[tiab]) AND (protozoa [tiab] OR Giardia[tiab] OR Cryptosporidium|tiab] OR
Salmonella[tiab] OR E.coli[tiab] OR cholera[tiab]) AND (2000/01/01:2023/09/30([dp])
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI M, Random, 95% CI
Abuetal 2018 0609 0108 2.3% 1.84[1.49 227 —
Colston etal. 2020 0982 0.028 27T% 267 [253 282 -
Colston etal. 2020 (1) 0.859 0.024 27% 236 [2.25,2.47) -
Emch 2000 0833 o002 2.8% 2.30[2.21,2.39) -
Gong etal. 2019 (1) 0049 0018 2.8% 1.06[1.02,1.08] o
Gong etal 2019 {15) 0039 0018 2.8% 1.04 [1.00,1.08] -
Gong et al. 2019 (2h) 0009 0023 27T% 1.01 [0.96, 1.08] r
Gong etal 2019 (28) 003 002 2.8% 1.03[0.99,1.07] ~
Harris et al. 2008 (1) 0104 0.048 27% 1.11[1.01,1.22] "—
Harris et al. 2008 {2) 0.255 0.063 2.6% 1.29[1.14,1.46] -
Harris et al. 2008 {3 0039 00452 27% 1.04[0.94,1158] T
Hashizume et al. 2008 1.764 0.318 1.1% 5.84[3.13,10.88] —+
Hashizume et al. 2008 {1} 0372 0.069 2.6% 1.45[1.27,1.66] -
Heller et al. 2003 0747 0.095 2.4% 211[1.745, 2.54] —
Huetal 2018 1.03 0.046 27% 2.80[2.56, 3.07) -
Lan etal 2022 0148 0076 2.5% 116 [1.00,1.35] —
Lisoetal 2020 0.0583 0.282 1.2% 1.06 [0.61,1.84] I E—
Liaoetal 2020 {1) 0.095 0.309 1.1% 1.10[0.60,2.02] I
Liuetal 2014 0.365 0.102 2.4% 1.44[1.18,1.76] B
Livetal 2016 019 0.068 2.6% 1.21[1.06,1.38] -
Liuetal 2016 (1) 0419 0172 1.9% 1.62[1.09 213]
Liuetal 2017 -0.862 0181 1.8% 0.67[0.40,0.81]
Livetal 2017 {10 0147 0.065 2.6% 117 [1.03,1.33] —
Livetal 2017 {15} 0329 0101 2.4% 1.39[1.14,1.69] —_—
Livetal 2017 {20 0.337 0.096 2.4% 1.40[1.16,1.69] E—
Livetal 2017 (25} 0Aa77 0.051 27% 1.78 161,187 -
Liuetal 2018 0199 0.079 2.5% 1.22[1.08,1.42] -
Livetal 2018 {1} 0.2 0116 2.3% 1.22[0.97,1.53] —
Liuetal 20149 0131 0179 1.8% 1.14[0.80,1.62] R E—
Livetal 2019 {1} 0086 0134 2.2% 1.09[0.84,1.42] I
Luo etal 2023 (M) 0Es 012 2.3% 1.92[1.81,242) I
Luo etal. 2023 (5) 1.24 029 1.2% 3.46[1.96,6.10] —_—
Ma et al. 2021 0329 0.071 2.6% 1.39[1.21,1.60] -
Milojevic etal. 2012 0223 0191 1.8% 1.25[0.86,1.82] T
Mietal 2014 0507 0.045 27% 1.66[1.52,1.81] -
Mietal 2014 (1M 0438 0.045 27% 1.685[1.42, 169 -
Mietal 2014 {15} 0554 0.056 2.6% 1.74[1.56,1.94] -
Thompsonetal 2015 0.039 0.005 2.8% 1.04 [1.03,1.08] -
Thompsonetal 2015 (1) 0.02 0.005 2.8% 1.02[1.01,1.03]
Xuetal 2017 01487 0.065 2.6% 117 [1.03,1.33] —
Fhang etal 2016 0148 0027 27% 116[1.10,1.22) -
Zhangetal 2014 0104 0.048 27% 1.11[1.01,1.22] "—
Total (95% CI) 100.0% 1.40 [1.29, 1.52] 2
Heterogeneity: Tau®= 0.06; Chi®= 469969, df= 41 (P = 0.00001); = 99% IZIIS DI? 155 é
Test for overall effect Z=8.03 (P = 0.00001}) l‘wjat Fl.Dtllil F|E-D.f.1

Forest plot depicting the relationship between flood exposure and risk ratio of infectious diarrhea, calculated using a random effects

model. CI: confidence interval.
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI I, Random, 95% CI
10.1.1 Bacteria
Colston etal. 2020 0.956 0.032 5.0% 260[2.44 277 -
Colston etal. 2020 (1) 0915 0.0: 5.0% 2.60[2.35, 2.65] -
Emch 2000 0.904 0109 1.8% 2.47[1.99 3.06] -
Harris et al. 2008 {1} 0363 0.094 4 8% 1.44[1.20,1.73) —
Harris et al. 2008 {2 046 0113 18% 1.681[1.27,1.98] —
Harris et al. 2008 {3) -0.067 0.078 4.9% 0.94 [0.80,1.09] -r
Hashizume et al. 2008 {1} 0741 0.0589 4.9% 210[1.87, 2.36] -
Livetal 20149 0148 0.274 3.8% 1.16[0.68,1.98] N B —
Liuetal 2019 {1} 0121 0201 4 3% 113076, 1.67] e
Luo etal. 2023 (u) 062 0.087 18% 1.86[1.54, 2.259] _—
Luo etal. 2023 {5) 1.241 0194 4.3% 3.46 [2.36, 5.06] E—
Subtotal (95% Cl) 51.4% 1.82[1.49, 2.22] 4

Heterogeneity, Tau®=0.10; Chi®= 21929, df=10 (P = 0.00001);, F=95%
Test for overall effect £=593 (P = 0.00001})

10.1.2 Virus

Colston etal. 2020 1.077 0.067  4.9% 284 [2.57,3.35] -
Colston etal 2020 (1) 0741 0039 5.0% 210[1.94, 2.26] -
Hartis et al. 2008 (1) -0.355 0124 47% 0.70[0.55, 0.89]

Harris et al. 2008 (Z) -0.358 0118 4F% 0.70[0.55, 0.88]

Harris et al. 2008 (3) -0.434 0135 47% 0.65[0.50, 0.84]

Subtotal (95% Cl) 24.0% 1.15[0.66, 2.02]

Heterogeneity: Tau®= 0.40; Chi®= 247.53, df=4 (P = 0.000013;, F= 98%
Test for overall effect 2= 0450 (F = 0.62)

10.1.3 Parasite

Colston etal. 2020 0216 0.07vs 4.9% 1.24 [1.07,1.44]
Colston etal 2020 (1) 0382 0065 4.9% 1.47[1.29, 1.66]
Subtotal (95% Cl) 9.8% 1.35[1.15, 1.59]

Heterogeneity, Tau®=0.01; Chi®= 2.80, df=1 (P = 0.09), F= 64%
Test for overall effect £= 2.66 (F=0.0003)

10.1.4 No pathogen

Harris et al. 2008 (1 0341 0061 49% 071 [0.63,0.80]
Harris et al. 2008 (2) 0188 0.043  A0%  0.83[0.76,0.90]
Harris et al. 2008 (3 0.077 0.045 50%  1.08(0.99,1.19]
Subtotal (95% CI) 14.8%  0.86 [0.68, 1.09]

Heterogeneity, Tau®=0.04; Chi®= 34 87, df=2 (P = 0.00001), F=94%
Test for overall effect Z=1.26 (F=0.21)

! 1l
¢ h ¢ 0

Total (95% CI) 100.0% 1.41[1.14, 1.76]
Heterogeneity, Tau®= 0.24; Chi*=1300.06, df= 20 (P = 0.00001);, F=98% I:i 2 IZIIS é é
Test for overall effect, 2= 210 (P = 0.002) ' Nﬁ Flood Flood

Test for subgroup differences: Chi*= 2344, df=3 (P = 0.0001%, F=87 2%

Forest plot depicting risk ratios for infectious versus non-infectious diarrhea in flood scenarios, analyzed using a random effects
model. CI: confidence interval.

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index



M. Shirmohammadi Yazdi et al. 16

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI I, Random, 95% CI
11.1.1 Male
Harris et al. 2008 {1} 1.656 0.367 2.9% 5.24 [2.55,10.75]
Harris et al. 2008 {2 0378 0.037 5.4% 1.46[1.36,1.57] -
Harris et al. 2008 {3) 0006 0.052 5.4% 1.01 [0.91,1.11] T
Hashizume et al. 2008 -0114 0.056 5.4% 0.89 [0.80,1.00] -
Hashizume et al. 2008 {1} 0016 0.047 5.4% 1.02[0.93,1.11] T
Huetal 2018 1141 0.046 5.4% 313 [2.86,3.43) -
Lisoetal 2020 0104 0223 11% 111072, 1.72] I
Liaoetal 2020 1) 0104 0212 4.2% 1.11[0.73,1.68] B
Liuetal 2016 0131 0125 5.0% 1.14[0.89, 1.46] ™
Liuetal 2016 {1} 0095 0.218 1.2% 1.10[0.72, 1.69] T
Ma et al. 2021 0415 0.093 5.2% 1.51[1.26,1.82] -
Zhang etal. 20149 0136 0.034 5.4% 1.18[1.07,1.22] -
Subtotal (95% Cl) 58.1% 1.35[1.06, 1.73] &

Heterogeneity Tau®= 0.17; Chi*= 503,68, df= 11 (P = 0.00001Y; F= 98%
Testfor overall efiect Z= 2.38 (P = 0.02)

11.1.2 Female

Hashizume et al. 2008 1.896 0.283 3.6% B.66 [3.82, 11.60] -
Hashizume et al. 2008 (1) 0.392 0052 5.4% 1.481[1.34,1.64] -

Huetal 2018 0.928 0.054 5.4% 253 [2.28, 2.81] -

Liao etal 2020 0068 0252 3.9% 1.07 [0.65,1.79] T

Ligo etal. 2020 (1) 0.0s6 0241 4.0% 1.09 [0.68,1.78] N

Livetal 2016 0.223 0128 5.0% 1.25[0.97,1.61] =

Liv etal. 2016 (1) 0166 0225 41% 1.18[0.76,1.83] T

Maetal 2021 0241 0,095  5.2% 1.27 [1.06,1.53] -

Zhang etal. 2019 0161 0.047 5.4% 1.7 [1.07,1.29] -

Subtotal (95% Cl) 41.9% 1.55[1.19, 2.03] &

Heterogeneity, Tau®=0.14; Chi®*=157.22 df=8 (P = 0.000013;, F= 95%
Test for overall effect =322 (P=0.001}

Total (95% CI) 100.0% 1.43[1.20, 1.71] L 2
Heterogeneity, Tau®= 0.15; Chi®= B32.80, df= 20 (P = 0.00001); F=97% t— I I —

_ 01 02 085 2 5 10
Testfor overall effect: £= 3.92 (F = 0.0001) Mot Flood Flood

Test for subgroup differences: Chi®= 055 df=1 (P =046}, F=0%
A forest plot representation of the sex-specific risk ratios for infectious diarrhea associated with flooding, evaluated with a random

effects model. CI: confidence interval.
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI M, Random, 95% CI
9.1.1<15
Harris et al. 2008 (1) -0.222 0.0549 4.3% 0.80[0.71,0.90] -
Harris et al. 2008 (2) -0.285 0.068 4.2% 0.75 [0.66, 0.86] —
Harris et al. 2008 {3 -0117 007 4.2% 0.88 078, 1.02 —
Hashizume et al. 2008 0.av2 0.0ay 4.3% 1.77 [1.58,1.898] -
Hashizume et al. 2008 {13 0285 0.038 4.3% 1.33[1.23,1.43] -
Huetal 2018 1.012 0.032 4.3% 275258, 293] -
Liao et al. 2020 022 0.064 4.3% 1.25[1.10,1.41] -
Liao etal 2020 {1) 0102 0134 3.9% 1.11 [0.85,1.44] B
Livetal 2016 0128 0119 4.0% 1.14 [0.90,1.44] T
Liuetal. 2016 (1) 00s3 0114 4.0% 1.10([0.88,1.37] I
Maetal 2021 0248 0.094 11% 1.28[1.07,1.54] E—
Zhang etal. 2014 n1g 0.038 4.3% 1.20[1.11,1.29] -
Subtotal (95% CI) 50.3% 1.21[0.93, 1.57] -

Heterogeneity, Tau®=0.21; Chi®= 708.08, df=11 (P = 0.00001); F=93%
Test for overall effect £=1.40(F = 0.16)

91215 =

Harris et al. 2008 (1) 0186 0.082 4.2% 1.22[1.04,1.43] B

Harris et al. 2008 (2) 0.333 0.083 4.3% 1.40([1.19,1.64] I
Harris et al. 2008 {3 0.069 0.0a7 4.3% 1.07 [0.96,1.20] ™
Hashizume et al. 2003 0792 0.079 4.3% 2.21[1.89,2.58] _—
Hashizume et al. 2008 (1) 04833 005 4.3% 1.70[1.54,1.88] -
Huetal 2018 0986 0.038 4.3% 268 [249,2.89] -
Liao et al 2020 noas 015 3.8% 1.10[0.82,1.48] -1

Liao etal 2020 {1} 0.0as 0146 3.8% 1.10[0.83,1.46] N
Livetal 2016 0163 0115 4.0% 1.18 [0.94,1.47] T
Livetal. 2016 (1) 0129 0109 11% 1.14 [0.92,1.41] T

Ma etal 2021 0,409 0.094 41% 1.51 [1.25,1.81] —
Zhang etal. 2014 0117 0.023 4.3% 1.12[1.07,1.18] -

Subtotal (95% CI) 49.7% 1.39[1.11, 1.75] -
Heterogeneity, Tau®=0.14; Chi*= 468.34, df=11 (P = 0.00001}); F=93%

Test for overall effect; £2= 288 (P = 0.004}

Total (95% CI) 100.0% 1.30[1.10, 1.53] <D
Heterogeneity: Tau®= 0.16; Chi*=1177.23, df= 23 (P = 0.00001); F= 98% DIS DI? 155 j?

Testfor overall effect: £=3.10 (P = 0.002)

Test for subgroup differences: Chi®= 0,68, df=1 (P=041}, F=0%
A forest plot presenting age-specific risk ratios for diarrhea in the aftermath of flooding, as determined through a random effects

model. CI: confidence interval.

Mot Flood Flood
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Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI

Risk Ratio
I, Random, 95% CIl

18

3.1.1 Campylobacter spp.

Colston etal. 2020 0.49ra 0.0 5.4% 266 [2.27,3.17]
Colston etal. 2020 (1) 0819 0,069  5.4% 2.27[1.98, 2.60]
Subtotal (95% CI) 10.8% 2.44 [2.09, 2.85]

Heterogeneity, Tau®=0.01; Chi*= 223, df=1 (FP=014), F=55%
Test for overall effect Z=11.26 (F = 0.00001)

3.1.2 Shigella spp

Colstan etal. 2020 1228 0132 50%  3.42[2.64, 4.47]
Colston etal. 2020 (1) 076 0.081  54%  2.14[1.82,251]
Liu etal. 2018 0165 029  36%  1.18[0.67,2.09
Liu etal. 2018 (1) 0413 0213 43%  1.12[0.74,1.70]
Luo etal. 2023 (M) 0651 0104 52%  1.73[1.42,2.173]
Luo etal. 2023 () 1102 0208  4.4%  3.01[2.00,4.57]
Subtotal (95% CI) 28.0%  1.99[1.48, 2.68]

Heterogeneity, Tau®=0.11; Chi®= 32.68, df=5 (P = 0.00001), F=35%
Test for overall effect Z=4 56 (P = 0.00001)

313 E coli spp.

Colston etal. 2020 0932 0036  5.6% 2584 [2.37,2.7]]
Colston etal 2020 (1) 04977 0038 5.6% 2.66 [2.47, 2.86]
Hartis et al. 2008 (1) -0.3F 0132 50% 0.69[0.53, 0.89]
Harris et al. 2008 (Z) 07 1.418 0.4% 2011013, 32.43]
Harris et al. 2008 (3) 016 1.416  0.4% 1.17[0.07F,18.83]
Subtotal (95% Cl) 16.9% 1.73[1.17, 2.54]

Heterogeneity, Tau®=0.12; Chi®= 9774, df=4 (P = 0.00001), F= 96%
Test for overall effect 2= 276 (P = 0.008)

3.1.4 Salmonella spp.

Colston etal. 2020 0732 053 20%  2.08[0.74,5.89]
Colston etal. 2020 (1) 0.978 0505 21%  2.66(0.99,7.15]
Liu etal. 2018 0.008 0819 1.0%  1.01[0.20,5.0%
Liu etal. 2018 (1) 0.1%4 0604 1.7%  1.20(0.37,2.93]
Luo etal. 2023 (M) 105 0261  3.8%  2.85[1.71,477
Luo etal. 2023 (5) 2008 0522  20%  9.16[2.83, 22.69]
Subtotal (95% CI) 126%  2.61[1.58,4.31]

Heterogeneity: TauF=014; Chi*=8.02, df =58 {FP=016); F= 38%
Testfor overall effect Z= 3.74 (F = 0.0002)

3.1.5ibrio spp.

Ernch 2000 04904 0109 52% 2.47[1.99, 3.08]
Hartis et al. 2008 (1) 1138 0135 5.0% 312[2.40, 4.07]
Harrig et al. 2008 (2) 0458 0,113 5.2% 1.568 [1.27,1.97]
Harris et al. 2008 (3) -0.068 0.073 5.4% 0.93[0.80,1.09]
Hashizurme et al. 2008 1.775 0.08%  5.4% 5.90 [4.99, 6.97]
Hashizume et al. 2008 (1) 0742 0,059  5.45% 210[1.87, 2.36]
Subtotal (95% Cl) 31.6% 2.28 [1.34, 3.86]

Heterogeneity, Tau®=0.43; Chi®= 272.01, df=5 (P = 0.000013; F= 98%
Test for overall effect; £= 2.06 (P = 0.002)

Total (95% CI) 100.0% 2.14[1.78, 2.56]
Heterogeneity: Tau®= 0.15; Chi*= 427 29, df= 24 (P = 0.00001); F= 94%

Testfor overall effect £=8.22 (P = 0.00001)

Testfor subgroup differences: Chi*=3.81, df=4 (P=043), F=0%

[}

¢
L

L

L 4

+

0005 0.1 10 200
Mot Flood Flood

A forest plot showing the comparative risk ratios for various bacterial diarrheal infections following flooding, calculated through a

random effects model. CI: confidence interval.
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% CI
2.1.1 Adenovirus
Colston et al. 2020 1371 021 T.A8% 3.94 [2.61, 5.99] E—
Colstan et al. 2020 (1) 1.141 0107 3.1% 313 [2.54 3.86] -
Subtotal (95% CI) 15.7% 3.28 [2.72, 3.96] L

Heterogeneity: Tau®= 0.00; Chi*=0.95 df=1 (P=0.33); F=0%
Test for overall effect: £=12.47 (P = 0.00001)

2.1.2 Astrovirus

Colston et al. 2020 0.85 0104 82% 2.341.91, 2.87] -
Colston etal. 2020 (13 1.319 0135 B8.0% 3.74[2.87, 4.87] —
Subtotal (95% CI) 16.2% 2.93 [1.85, 4.65] <

Heterogeneity: Tau®=0.10; Chi*= 7.7, df=1 (P =0.006); F=87%
Test for overall effect: 2= 4.59 (P = 0.00001}

2.1.3 Norovirus

Colston et al. 2020 1.019 0112 B1% 27T [2.22 3.46] -
Colston etal. 2020 (13 1141 0113 B1% 313 [2.51,3.91] -
Subtotal (95% CI) 16.2% 2.94 [2.52, 3.44] 4

Heterogeneity: Tau®= 0.00; Chi*= 088, df=1 (F=045); F=0%
Test for overall effect: £=13.52 (P = 0.00001}

2.1.4 Rotavirus

Colston et al. 2020 1.77 0656  39% 587 [1.62 21.24] -
Colston etal. 2020 (13 o.ava 015 7O9% 2.66[1.88 3.57] -

Harris et al. 2008 (1) -0.355 0124 81% 0.70[0.55, 0.89] -

Harris et al. 2008 (2) -0.358 0118 81% 0.70[0.55, 0.88] -

Hartis et al. 2008 (3} -0.434 0135 B0% 0.65 [0.50, 0.84] -

Subtotal (95% CI) 36.0% 1.17 [0.64, 2.12] -

Heterogeneity: Tau®= 0.40; Chi®=74.90, df=4 (P = 0.00001); F=95%
Test for overall effect: £=0.491 (F = 0.61)

2.1.5 Sapovirus

Colston et al. 2020 1.77 020 7.6% 5.87 [3.96, 8.71] -
Colston etal. 2020 (13 047 005 83% 1.60[1.45 1.76] -
Subtotal (95% CI) 15.9%  3.02 [0.85, 10.79] B I

Heterogeneity: Tau®= 0.82; Chi*=39.39, df=1 (P = 0.000013; F=97%
Test for overall effect: Z=1.70 (P = 0.09)

Total (95% CI) 100.0% 2.17 [1.53, 3.07] <&
Heterogeneity: Tau®=0.37; Chi®= 34380, df =12 (P = 0.00001); F=97% IZIIDS 052 é EIIZI
Test for overall effect: £=4.36 (F = 0.0001}) ' '

i ) Mot Flood  Flood
Test for subaroup differences: Chit=10.43, df= 4 (P= 0030, F=62.0%
A forest plot detailing risk ratios for viral pathogens causing diarrhea after flooding, synthesized via a random effects model. CI:
confidence interval.
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% Cl Year I, Random, 95% CIl
4.1.1 Cryptosporidium spp.
Calston et al. 2020 1.141 0188 226% 313216, 4.53] 2020 &
Calston etal 2020 {1 0.88 0168 236% 241 [1.73,3.358] 2020 —&—
Subtotal {95% CI) 46.2% 2.71[2.10, 3.49] <&

Heterogeneity: Tau®=0.00; Chi#=1.07, df=1{P=0.30); F= 6%
Test for overall effect 2= 7.68 (F = 0.00001)

4.1.2 Giardia spp.

Colston etal. 2020 (1) 0294 0071 271% 1.34 117, 1.54] 2020 -
Colston et al. 2020 0041 0082 268% 1.04[0.89,1.22] 2020 ';
Subtotal (95% CI) 53.8% 1.19[0.93, 1.52]

Heterogeneity, Tau*=0.03; Chi==5.44, df=1{P=002); F=82%
Testfor overall effect Z=1.35(F=0.18)

Total (95% CI) 100.0% 1.74[1.17, 2.61] L
Heterogeneity: Tau®=0.14; Chi*= 41 .66, df= 2 (P = 0.00001); F=93%
Test for overall effect 2= 270 {F = 0.007})

Test for subgroup differences: Chi®= 2076, df=1 (P = 0.000013, F=95.2%
Aforest plot summarizing the risk ratios for post-flood diarrheal illness caused by parasites, compiled using a random effects model.

CI: confidence interval.

0102 05 2 5 10
Mot Flood Flood

| Lower CI Limit o Estimate | Upper Cl Limit

0.24 0.25

IStV Forest plot for the sensitivity analysis.
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JEVVERH Assessment of study quality and bias risk according to the Newcastle-Ottawa Scale

Study Reference Selection (Out of 4) | Comparability (Out of 2) | Outcome (Out of 3) | Total Score (Out of 9) | Quality Category
Abu et al. 2018 4 1 2 7 High
Colston et al. 2020 4 1 2 7 High
Colston et al. 2020 (1) 4 1 2 7 High
Emch 2000 4 1 2 7 High
Gong et al. 2019 (1M) 4 1 2 7 High
Gong et al. 2019 (1S) 4 1 2 7 High
Gong et al. 2019 (2M) 4 1 2 7 High
Gong et al. 2019 (2S) 4 1 2 7 High
Harris et al. 2008 (1) 4 1 3 8 High
Harris et al. 2008 (2) 4 1 3 8 High
Harris et al. 2008 (3) 4 1 3 8 High
Hashizume et al. 2008 3 2 3 8 High
Hashizume et al. 2008 (1) |3 2 3 8 High
Heller et al. 2003 4 2 3 9 High
Huetal. 2018 4 2 3 9 High
Lan et al. 2022 4 2 3 9 High
Liao et al. 2020 4 2 3 9 High
Liao et al. 2020 (1) 4 2 3 9 High
Liu et al. 2015 4 2 3 9 High
Liu et al. 2016 4 2 3 9 High
Liu et al. 2016 (1) 4 2 3 9 High
Liu et al. 2017 3 2 2 7 High
Liu et al. 2017 (1M) 3 2 2 7 High
Liu et al. 2017 (1S) 3 2 2 7 High
Liu et al. 2017 (2M) ) 2 2 7 High
Liu et al. 2017 (2S) 3 2 2 7 High
Liu et al. 2019 3 1 3 7 High
Liu et al. 2019 (1) 8 1 3 7 High
Liu et al. 2018 4 2 3 9 High
Liu et al. 2018 (1) 4 2 3 9 High
Luo et al. 2023 (M) 3 2 3 8 High
Luo et al. 2023 (S) 3 2 3 8 High
Ma et al. 2021 3 2 3 8 High
Milojevic et al. 2012 3 2 3 8 High
Ni et al. 2014 3 2 3 8 High
Ni et al. 2014 1M) 3 2 3 8 High
Ni et al. 2014 (1S) 3 2 3 8 High
Thompson et al. 2015 4 2 3 9 High
Thompson et al. 2015 (1) |4 2 3 9 High
Xu et al. 2017 4 2 3 9 High
Zhang et al. 2016 4 2 3 9 High
Zhang et al. 2019 4 2 3 9 High

M: Moderate floods, S: Severe floods
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NP Comprehensive subgroup analysis of flood-associated infectious diarrhea

Subgroups No. of studies RR [95% CI] p-value of RR 12 (%) p-value for het- | p-value for
erogeneity subgroup differ-

ences

Age

<15 12 1.21[0.93,1.57] |0.16 98 <0.001 0.41

=15 12 1.39[1.11, 1.75] |0.004 98 <0.001

Bacteria

Campylobacter spp. 2 2.44[2.09, 2.85] |<0.001 55 0.14 0.43

Shigella spp. 6 1.99 [1.48,2.68] |<0.001 85 <0.001

E. coli spp. 5 1.73 [1.17,2.57] |0.006 96 <0.001

Salmonella spp. 6 2.61[1.58,4.31] |0.0002 38 0.16

Vibrio spp. 6 2.28[1.34,3.86] [0.002 98 <0.001

Virus

Adenovirus 2 3.28 [2.72,3.96] |<0.001 0 0.33 0.03

Astrovirus 2 2.94 [1.85,4.65] |[<0.001 87 0.006

Norovirus 2 2.94 [2.52,3.44] |<0.001 0 0.44

Rotavirus 5 1.17 [0.64, 2.12] |0.61 95 <0.001

Sapovirus 2 3.02[0.85,10.79] [0.09 97 <0.001

Parasite

Cryptosporidium spp. 2 2.71[2.10,3.49] |<0.001 6 0.30 <0.001

Giardia spp. 2 1.19[0.93,1.52] |0.18 82 0.02

Temporal lag

<7 14 1.31[1.11, 1.55] |0.002 99 <0.001 0.39

>7 28 1.44 [1.25,1.66] |<0.001 99 <0.001

Resolution

Monthly 17 1.47[1.23,1.76] |<0.001 98 <0.001 0.004

Weekly 10 1.12 [1.08,1.17] |<0.001 89 <0.001

Daily 15 1.32[1.11,1.56] |0.001 99 <0.001

Climate group

Subtropical 16 1.27[1.13,1.43] |<0.001 81 <0.001 0.006

Tropical 13 1.61[1.37,1.88] |<0.001 100 <0.001

Temperate 13 1.20 [1.11,1.31] |<0.001 95 <0.001

Type of diarrhea

Watery 19 1.39 [1.24,1.56] |<0.001 100 <0.001 0.21

Bacillary dysentery 10 1.36 (1.07,1.74] |0.01 97 <0.001

Bacillary dysentery + Wa- |8 1.53 [1.29,1.81] |<0.001 93 <0.001

tery

Dysentery 1 1.44 [1.18,1.76] |0.0003 - -

Dysentery + Watery 4 1.21[1.07,1.36] |0.003 0 0.95

Statistical model

DLNM 7 1.45[1.23,1.70] |<0.001 76 0.0004 <0.001

GAMM 11 1.38[1.22,1.56] |<0.001 88 <0.001

GLM 11 1.43 [1.14,1.79] |0.002 99 <0.001

GLMM 2 1.03 [1.01, 1.05] |0.002 87 0.006

Other 11 1.47[1.13,1.91] |0.004 98 <0.001

Type of study

Case-control 2 2.29[2.20,2.38] |[<0.001 0 0.38 <0.001

Cohort 3 2.29 [1.95,2.69] |<0.001 92 <0.001

Cross-sectional 4 1.26 [1.05,1.51] |0.01 89 <0.001

Spatial ecology 2 1.03 [1.01, 1.05] |0.002 87 0.006

Time-series 31 1.31[1.20,1.43] |<0.001 96 <0.001

HDI level

Medium 10 1.38[1.21,1.57] |<0.001 <0.001 0.89

High 32 1.39[1.23,1.59] |<0.001 <0.001

HDI: Human Development Index; RR: Relative Risk; CI: Confidence Interval; DLNM: Distributed Lag Non-linear Models;
GAMM: Generalized Additive Models for Location, Scale, and Shape; GLM: Generalized Linear Models; GLMM: Generalized Linear

Mixed Models
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EEVN PR Attributes of the selected studies

Study Type of|Diarrhea |Climate Statisti- | Resolu- | Country HDI RR (95% | Period

study group cal model | tion CDn
Abu et al.|Cross- Watery Tropical Other Daily Ghana Medium |1.84 (1.5- |2 months (November 2012-
2018 sectional 2.27) 31 December 2012)
Colston et | Cohort Watery Tropical GLM Monthly | Peru High 2.67 (2.53- |5 months (December 2011-
al. 2020 study 2.82) May 2012)
Colston et | Cohort Watery Tropical GLM Monthly | Peru High 2.36 (2.25- |5 months (December 2011-
al. 2020 (1) | study 2.47) May 2012)
Emch 2000 | Case- Watery Tropical Other Daily Bangladesh |Medium |2.3 (2.21- |36 months (January 1992-

Control 2.4) December 1994)
Gong et al. | Time- Watery Temperate |GLM Daily China High 1.01 (0.96- |55 months (January 2013-
2019 (1M) |series climate 1.06) August 2017)

Analysis
Gong et al. | Time- Watery Temperate |GLM Daily China High 1.03 (0.99- |55 months (January 2013-
2019 (1S) |series climate 1.07) August 2017)

Analysis
Gong et al. | Time- Watery Temperate |GLM Daily China High 1.05 (1.02- |55 months (January 2013-
2019 (2M) |series climate 1.09) August 2017)

Analysis
Gong et al. | Time- Watery Temperate |GLM Daily China High 1.04 (1.01-|55 months (January 2013-
2019 (2S) |series climate 1.07) August 2017)

Analysis
Harris et |Cross- Watery Tropical GLM Monthly | Bangladesh [Medium [1.11 (1.01- |4 months (July- October
al. 2008 (1) | Sectional 1.22) 1998)
Harris et |Cross- Watery Tropical GLM Monthly | Bangladesh |Medium |1.29 (1.14- (4 months (July- August
al. 2008 (2) | Sectional 1.46) 2004, September-October

2004)

Harris et |Cross- Watery Tropical GLM Monthly | Bangladesh | Medium [1.04 (0.94- |3 months (July-September
al. 2008 (3) | Sectional 1.15) 2007)
Hashizume| Time- Watery Tropical GLM Weekly |Bangladesh |Medium |5.84 (3.13-|10 months (July 1998- April
etal. 2008 |series 10.88) 1999)

Analysis
Hashizume| Time- Watery Tropical GLM Weekly |Bangladesh |Medium |1.45 (1.27-|10 months (July 1998- April
et al. 2008 |series 1.66) 1999)
(@))] Analysis
Heller et al. | Case- Watery Tropical Other Monthly | Brazil High 2.11 (1.75-(3.5 months (December
2003 Control 2.55) 1993- April 1994)
Hu et al |Time- Bacillary |Temperate |Other Monthly | China High 2.8 (2.54- |60 months (2005-2009)
2018 series dysentery | climate 3.08)

Analysis
Lan et al.|Time- Watery Subtropical |Other Daily China High 1.16 (1.0- |36 months (2017-2019)
2022 series 1.34)

Analysis
Liao et al.|Time- Dysentery | Temperate |Other Daily China High 1.1 (0.67-|50 months (June 2013- Au-
2020 series & Watery |climate 1.8) gust 2017)

Analysis
Liao et al.|Time- Dysentery | Temperate |Other Daily China High 1.06 (0.67- |50 months (June 2013- Au-
2020 (1) series & Watery |climate 1.67) gust 2017)

Analysis
Liu et al |Time- Dysentery | Subtropical | GAMM Monthly | China High 1.44 (1.18-|84 months (January 2004 -
2015 series 1.76) December 2010)

Analysis
Liu et al. |Time- Bacillary |Subtropica [IDLNM |Weekly |China High 1.21 (1.06-|42 months (April 2005-
2016 series dysentery 1.38) September 2011)

Analysis
Liu et al |Time- Bacillary |Subtropical | DLNM Weekly |China High 1.52 (1.09- |42 months (April 2005-
2016 (1) series dysentery 2.13) September 2011)

Analysis
Liu et al |Time- Bacillary |Subtropical | GAMM Monthly | China High 0.57 (0.39- [ 108 months (January 2004 -
2017 series dysentery 0.84) December 2012)

Analysis
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FEVERPH Attributes of the selected studies

Study Type of|Diarrhea |Climate Statisti- | Resolu- | Country HDI RR (95% | Period

study group cal model | tion CI)
Liu et al.|Time- Bacillary |Subtropical | GAMM Monthly | China High 1.17 (1.03- | 108 months (January 2004 -
2017 (IM) |series dysentery 1.33) December 2012)

Analysis
Liu et al |Time- Bacillary |Subtropical | GAMM Monthly | China High 1.39 (1.14- | 108 months (January 2004 -
2017 (1S) |series dysentery 1.7) December 2012)

Analysis
Liu et al. |Time- Bacillary |Subtropical | GAMM Monthly | China High 1.4 (1.16- | 108 months (January 2004 -
2017 (2M) |series dysentery 1.69) December 2012)

Analysis
Liu et al. |Time- Bacillary |Subtropical | GAMM Monthly | China High 1.78 (1.61-|108 months (January 2004 -
2017 (2S) |series dysentery 1.97) December 2012)

Analysis
Liu et al |Time- Bacillary |Subtropical | Other Daily China High 1.14 (0.8- |60 months (2006-2010)
2019 series dysentery 1.62)

Analysis | & Watery
Liu et al.|Time- Bacillary |Subtropical | Other Daily China High 1.09 (0.84- |60 months (2006-2010)
2019 (1) series dysentery 1.42)

Analysis | & Watery
Liu et al |Time- Dysentery | Subtropical | DLNM Weekly |China High 1.22 (1.05- | 96 months (2004- 2011)
2018 series & Watery 1.42)

Analysis
Liu et al |Time- Dysentery | Subtropical | DLNM Weekly |China High 1.22 (0.97- | 96 months (2004- 2011)
2018 (1) series & Watery 1.53)

Analysis
Luo et al.|Time- Bacillary |Subtropical | DLNM Daily China High 1.92 (1.51-{60 months (May 2016-
2023 (M) |series dysentery 2.42) September 2020)

Analysis | & Watery
Luo et al.|Time- Bacillary |Subtropical | DLNM Daily China High 3.46 (1.96- |60 months (May 2016-
2023 (S) series dysentery 6.1) September 2020)

Analysis | & Watery
Ma et al |Time- Bacillary |Subtropical | DLNM Daily China High 1.39 (1.21-|144 month (2005- 2016)
2021 series dysentery 1.59)

Analysis
Milojevic | Cohort Watery Tropical GAMM Monthly | Bangladesh [ Medium |1.25 (0.86- |6 months (August 2004-
etal. 2012 |study 1.82) February 2005)
Ni et al |Time- Bacillary |Temperate |GAMM Monthly | China High 1.66 (1.52-|72 months (2004 to 2009)
2014 series dysentery |climate 1.82)

Analysis | & Watery
Ni et al.|Time- Bacillary |Temperate |GAMM Monthly | China High 1.55 (1.43- |72 months (2004 to 2009)
2014 (IM) |series dysentery | climate 1.68)

Analysis | & Watery
Ni et al |Time- Bacillary |Temperate |GAMM Monthly | China High 1.74 (1.56- |72 months (2004 to 2009)
2014 (1S) |series dysentery | climate 1.94)

Analysis | & Watery
Thompson | Spatial Watery Tropical GLMM Weekly |Vietnam Medium | 1.04 (1.03- | 72 months (2005- 2010)
etal. 2015 |Ecological 1.05)

Study
Thompson | Spatial Watery Tropical GLMM Weekly |Vietnam Medium | 1.02 (1.01- | 72 months (2005- 2010)
et al. 2015 |Ecological 1.03)
1) Study
Xu et al.|Time- Bacillary |Temperate |GAMM Weekly |China High 1.17 (1.03- |84 months (2004- 2010)
2017 series dysentery |climate 1.33)

Analysis
Zhang et |Time- Bacillary |Temperate |Other Daily China High 1.16 (1.1- |84 months (January, 2005-
al. 2016 series dysentery |climate 1.22) December, 2011)

Analysis | & Watery
Zhang et|Time- Watery Temperate |Other Weekly |China High 1.11 (1.01-|50.5 months (June, 2013-
al. 2019 series climate 1.22) August 2017)

Analysis

HDI: Human Development Index, RR: Relative Risk, CIs: Confidence Intervals, DLNM: Distributed Lag Non-linear Models,
GAMM: Generalized Additive Models for Location, Scale, and Shape, GLM: Generalized Linear Models, GLMM: Generalized
Linear Mixed Models, M: Moderate floods, S: Severe floods
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Egger’s Trim and fill method

Subgroup No. of studies in | intercept p-value Number of trimmed | Adjusted pooled RR| p-value

each subgroup studies (After trim)
Total (No subgroup- |42 8.69 0.005 0 1.40 [1.29, 1.52] <0.001
ing)
Temporal lag
<7 14 7.95 0.126 0 1.31 [1.11, 1.55] 0.002
>7 28 8.96 0.029 14 0.98 [0.79, 1.20] <0.001
Resolution
Monthly 17 -15.72 0.010 0 1.61 [1.30, 1.92] <0.001
Weekly 10 4.67 0.022 2 1.06 [0.99, 1.14] <0.001
Daily 15 2.83 0.652 0 1.32 [1.11, 1.56] <0.001
Climate group
Subtropical 16 -0.14 0.954 0 1.27 [1.13, 1.43] <0.001
Tropical 13 19.63 0.043 7 1.05[0.78, 1.33] <0.001
Temperate 13 10.09 0.102 0 1.20 [1.11, 1.31] <0.001
Type of diarrhea
Watery 19 13.90 0.046 9 0.916 [0.76, 1.08] <0.001
Bacillary dysentery |10 -14.02 0.102 0 1.36 [1.07, 1.74] 0.01
Bacillary dysentery + |8 5.09 0.176 0 1.53 [1.29, 1.81] <0.001
Watery
Dysentery 1 - - - -
Dysentery + Watery |4 -0.64 0.060 0 1.21[1.07, 1.36] 0.003
Statistical model
DLNM 7 4.55 0.194 0 1.45[1.23, 1.70] <0.001
GAMM 11 -5.64 0.442 0 1.38 [1.22, 1.56] <0.001
GLM 11 12.94 0.383 0 1.43 [1.14, 1.79] 0.002
GLMM 2 -200.00 - 0 1.03 [1.01, 1.05] 0.002
Other 11 -5.46 0.057 0 1.47 [1.13,1.91] 0.004
Type of study
Case-control 2 -200.00 - 0 2.29 [2.20, 2.38] <0.001
Cohort 3 -6.53 0.644 0 2.29 [1.95, 2.69] <0.001
Cross-sectional 4 13.11 0.029 1 1.10 [0.88, 1.34] <0.001
Spatial ecology 2 -2.53 - 0 1.03 [1.01, 1.05] 0.002
Time-series 31 5.84 0.011 13 0.95 [0.84, 1.07] <0.001
HDI level
Medium 10 10.03 0.167 0 1.38[1.21, 1.57] <0.001
High 32 1.52 0.721 0 1.39[1.23, 1.59] <0.001

HDI: Human Development Index, RR: Relative Risk, ClIs: Confidence Intervals, DLNM: Distributed Lag Non-linear Models,
GAMM: Generalized Additive Models for Location, Scale, and Shape, GLM: Generalized Linear Models, GLMM: Generalized

Linear Mixed Models
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