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Abstract

In Sub-Saharan Africa, cholera is a persistent public health problem. Various
methods are now being applied to reduce the mobility and mortality that
these diseases cause. Because of the implemented policies, there seem to have
been several improvements. However, the constraints suggest inefficiency in
eliminating the burden, necessitating a straightforward explanation. The sys-
tematic review and meta-analysis aimed are to investigate the reasons for the
incomplete eradication of cholera disease in Sub-Saharan Africa. We were
able to obtain pooled estimates using random effect models. Four experi-
ments were excluded from the study because they were duplicated in the stu-
dies, 13 because of an outbreak did not occur, 13 publications did not include
risk factors and odds ratios in their outcome analysis, and an outbreak oc-
curred before 2013. The review points out that drinking contaminated water,
consuming unwashed vegetables, and the use of poor publish toilet facilities
enhance cholera in Africa. PubMed, Web of Science, EMBASE, and EBSCO
were among the four meticulously and systematically searched databases us-
ing predetermined criteria or search strategies. Two independent reviewers
recognized studies that met the selection criteria, and data was collected using
validated methods.

Keywords
Cholera, Sub-Saharan Africa, Risk Factors, Improved Water, Hygiene
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1. Introduction

This public health burden continues to exist in deprived areas worldwide as an
ancient and seemingly neglected disease. In 1817, there was the first Cholera
epidemic [1]. Six more pandemics have occurred since then, and outbreaks
have yet to be contained. Inadequate health literacy, inadequate water and sa-
nitation services, community mobilization, the absence of national plans,
cross-border partnerships, and overcrowding are all factors that increase the
risk of cholera [2] [3]. Studies have shown that herd immunity does not exist
when it comes to the battle against cholera in Sub-Saharan Africa [4] [5]. For
example, non-endemic areas of the Democratic Republic of Congo have higher
case-fatality rates than endemic areas (DRC) [6]. It is due to a lack of immunity
and less effective prevention and care [7].

Over the last two decades, there has been a steady improvement in infant sur-
vival rates. This performance, however, can only be calculated at the national
level; localized improvement is still unknown [8]. The global prevalence of di-
arrheal diseases is estimated to be between 1.7 and 5 billion cases per year [9].
Cholera outbreaks are more likely in low- and middle-income countries than in
developed countries where housing is overcrowded, and water and sanitation are
inadequate, thereby, increasing death rate, meta illness and poor health leading
to gastrointestinal disfunction [9] [10].

Using Liberia as an example, children under 18 are subjected to hardship that
negatively impacts their lives, minds, wellbeing, and emotions.

Multi-approach interventions are often needed. For example, according to
UNICEEF Liberia 2018, one-third of the country’s children are under five [11].

Most of these children are also not receiving any of the necessary assistance.

With a mortality rate of 1072 deaths per 100,000 live births, many children
are born without a mother to look after them. During the initial six months
of the lactating period, about one out of every two babies is exclusively
breastfed.

Although teenage mothers are blamed for the high rates of maternal and neo-
natal deaths, killer diseases such as malaria, pneumonia, measles, AIDS, and di-
arrhea kill one out of every ten children before they reach five. In addition, ty-
phoid fever (TF) and cholera are two of the most highly life-threatening infec-
tious diseases [12].

Cholera increases the risk of death in children and older people than adults
[13]. The Global Enteric Multicenter Analysis conducted this research (GEMS).

The GEM research [14] was a three-year case-control study that looked at the
burden, etiology, and effects of moderate-to-severe diarrhea (MSD). Cholera is
prevalent in several African countries, especially the Horn of Africa and the
Arabian Peninsula.

Corresponding to the United Nations Sustainable Development Goal 3.2,
multi-pronged measures are expected to eliminate preventable child deaths by
2030 [15] [16].
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The data tabulated from the national study is insufficient. The best deciding
factors are steady estimates of infant mortality rates and patterns at the subna-
tional level [8]. Within 99 low- and middle-income countries, the sub-national
difference in mortality rates and the number of deaths of neonates and children
below five years is not examined [8]. In 2018, a cholera outbreak in Nigeria’s
northern region signaled an increased burden. It emphasizes the strategic im-
portance of a multi-sectoral strategy in developing and implementing public
health strategies [17].

A geostatistical survival model estimated that 32 percent of children under
five lived in districts with infant mortality rates of 25 or less per 1000 live
births by 2017. Around 2000 and 2017, 58 percent of child deaths were re-
ported to have occurred [18] [19]. Cholera outbreaks across borders are a sig-
nificant public health concern in Sub-Saharan Africa. It leads to the high
number of cholera cases and deaths recorded every year. Both people’s lives
and livelihoods are impacted, making prevention and regulation more com-
plex [20]. The most vulnerable age ranges are children under the age of five
who are in kindergarten. As a result, guidelines and procedures should be
checked to delegate specific roles and obligations to children under eighteen. It
will ensure that these epidemics are effectively prevented, detected, monitored,
and controlled [20] [21].

Prevention by better water, sanitation, hygiene facilities, and the use of oral
cholera vaccines (OCVs) [22] [23] are only a few of the methods that have been
used.

In Sub-Saharan Africa, however, there are outbreaks and occasional cases of
cholera.

We were unable to locate a report that attempted to quantify the global preva-
lence of the burden to the best of our knowledge. Subsequently, we conducted a
systematic review and meta-study to investigate why the incomplete eradication

of cholera diseases in Sub-Saharan Africa.

2. Materials and Method

The current research was conducted between December 2020 and February 2021
as a systematic overview and meta-analysis. This study supported the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis guidelines (PRISMA).
The goal was to find a pooled estimate of the odds ratio of risk factors linked to
African cholera outbreaks. In addition, the research also looked at the most
common risk factor associated with cholera outbreaks in the general population

in Africa.

2.1. The Search Strategy

A thorough and systematic search of four databases (PubMed, EMBASE, Web of
Science, and EBSCO) was conducted. The search was restricted to 1990 through
2020, with the most recent search taking place on January 25, 2021. Using the
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following search technique, we conducted advanced searches in all databases
using MeSH (Medical Subject Headings) on PubMed (((“Risk Factors” [Mesh])
and “Cholera” [Mesh]) “Africa South of the Sahara” [Mesh]). Moreover, TS =
Risk factors AND TS = cholera AND TS = Africa are used for Web of Science,
(“risk factor”/exp OR “risk factor”) AND (“cholera”/exp OR cholera) AND
(‘Africa south of the site For studies conducted in English, the researcher also

» «

included keywords such as “cholera,” “outbreaks,” “risk factors,” “Vibrio chole-

ra,” and “Africa.”

2.2. Requirement for Eligibility and Exclusion

The following criteria were used to select inclusion criteria: observational epi-
demiological studies, including case management, cohort studies, cross-sectional
(retrospective or prospective studies) with a population-based design that quan-
tifies or defines risk factors associated with cholera outbreaks in any age group
[24]. A risk factor is characterized as an aspect of personal behavior or lifestyle,
environmental exposure, an inborn or hereditary trait known to be correlated
with a health-related condition that is important to avoid based on epidemio-
logical evidence (MeSH definition). Participants in the study must be from Afri-
ca, and the research must be performed or published in English. The risk factors
that are included in the study must be listed as odds ratios. Studies were ex-
cluded if the study’s result did not match the study’s goal, and studies that used
mixed methods were also excluded. The risk factor identified in the studies was

used to test them.

2.3. Extraction of Information

Two investigators (S.F.M. and UB) carried out retrieving studies, who worked
independently on the searches and handled the findings using EndNote X9
(Build 12 062). After eliminating duplicates, the reviewers looked at the titles of
the retrieved papers to see if they were necessary. In addition, for full-text ar-
ticles, specific articles were sought and screened for inclusion based on the in-
clusion criteria. When inconsistencies arose during the selection process, the
third author resolved them. Author’s name, year of publication, country, age
range, study design, sample size, cases, controls, odds ratio, and confidence in-
tervals of risk factors were all extracted from each paper using a standardized
form with the following domains: author’s name, year of publication, country,
age range, study design, sample size, cases, controls, odds ratio and confidence

intervals of risk factors.

2.4. Statistical Analysis

The risk factors associated with cholera outbreaks were the only outcome of this
research. The established risk factors are examined individually, with subgroup
analysis by region. The impact sizes and standard errors were calculated using
StataCorp.16.0 commands for meta-analysis, using the risk factors’ odds ratios

and confidence gaps. The odds ratios for the individual hazard factors were cal-
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culated using a pooled calculation. The standard error, confidence interval, and
forest plots were calculated using STATA version 16 software. Depending on the
heterogeneity, the random-effects model was used. The Cochran Q-test of hete-
rogeneity was used to assess statistical heterogeneity in the studies at a signific-
ance level of 5%, and 12 was used to assess quantitative heterogeneity among the
findings according to the Higgins classification, with an I2 value above 75% in-
dicating significant heterogeneity.

Furthermore, the Begg and Egger experiments were used to look at publica-
tion bias. In the case of high heterogeneity, the cause of heterogeneity was inves-
tigated, and sensitivity analysis was carried out by eliminating one study from

the analysis and studies of inadequate consistency.

2.5. Evaluation of the Included Study Quality

The methodological authenticity of the included studies was determined us-
ing the JBI. Critical Appraisal Checklist for Cohort Studies and the JBI, Criti-
cal Appraisal Checklist for Case-Control Studies. The studies’ nature, execu-
tion, and interpretation were scrutinized for the possibility of bias. The
checklist had ten questions with yes, no, ambiguous, and not applicable an-
swers. The frequency of yes and no responses determines high and low quali-
ty, respectively. Uncertain answers necessitate contacting the relevant author
for clarification. The papers that were included were evaluated using the fol-
lowing questions: Are the groups comparable except for the presence of dis-
ease in cases of the absence of disease in controls, were cases and controls ap-
propriately matched, were the same criteria used for case and control identi-
fication, was exposure measured in a standard, valid, and reliable manner,
was exposure measured in the same manner for cases and controls, where
confounding factors identified, and were strategies implemented? Participant
recruitment, study design, and sample size were carefully examined for po-
tential bias in the papers. The ten included studies all used a case-control
study design. However, one of the ten trials did not have enough participants
(Table 1).

3. Result

Our quest yielded 460 papers found using electronic search engines and strate-
gies. Out of these, 97 were eliminated as duplicates, leaving 363 articles for fur-
ther screening by title, full text, and abstract, which resulted in the exclusion of
321 more articles. As a result, 42 full-text studies were screened for inclusion
criteria and other parameters aligned with the review objectives. Four findings
were omitted from the research because they were not English studies, 14 were
outside of the study environment, and thirteen papers did not include risk fac-

tors and odds ratios in Figure 1.

3.1. Result Characteristic

Eleven papers were included in the final systematic review and meta-analysis,
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Table 1. Results of the Quality assessment of included studies using JBI checklist for case-control studies.

1 2 3 4 5 6 7 8 9 10

Nsagha et al. 2015 [25] 4 v v v v v v v v v
Dined et al. 2020 [26] 14 v 14 14 14 + ucC v v v
Hudson et al. 2020 [27] v v v v v + UcC. v v v
Saheed et al. 2018 [28] v v v v v v v v v v
Nwafor et al. 2019 [27] 4 v vy vy vy v vy v v v
Thomas T. et al. 2015 [29] v v v v v + v v v v
Francis et al. 2017 [30] v v v v v + UC. v v v
Fatigue et al. 2013 [31] 4 v v v 4 + UC. v v v
Kone et al. 2008 [32] 4 v vy vy vy v vy v v v
Alvin Shultz et al. 2009 [33] v v v v v + UcC. v v v
Assen et al. 2019 [34] 4 v v v 4 + UC. v v v

Note: 1 = were groups comparable, 2 = were cases and controls matched, and 3 = were the same criteria used to identify cases and controls. 4 = were expo-
sure measured in a standard way, 5 = were exposure restrained in the same way for cases and controls, 6 = were bewildering factors recognized, 7 were ap-
proaches to deal with confounding factors mentioned, 8 = were outcomes assessed in a standard way in addition, = Yes and = No, UC = undefined, and NA.
= not available are used.

Records identified through
database searching
(n=2060)

b v

Records after duplications were removed I

Records identified through
gray literature sources (n=19)

(n=1956)

!

Records screened by title
and abstract (n=1956)

v

Full text articles assessed for
eligibility (n=100)

Records excluded
—lp based on screening
(n=1900)

Full text articles
—_— excluded after full
review (n=4B)

v v

Reason for exclusion:
Not important (n=31)

Studies included in the

Figure 1. PRISMA gush diagram detailing the study selection process of included

studies.

descriptive analysis (n=40)

v

Unique outbreaks report
contains in the 40 studies
(n=200)

* Risk factors not
included in studies

(n=13)
* Duplicate record
(n=4)
* Outbreaks occur
before 2013 (n=1)

* Outbreaks did not
occur (n=13)

DOI: 10.4236/aid.2021.112022

245

Advances in Infectious Diseases



https://doi.org/10.4236/aid.2021.112022

N. G. Paye et al.

which employed three different research designs. The majority of the studies (8)
used an unmatched case-control design, while three used matched case-control,
one retrospective matched case-control, and one case-control design. Nigeria
accounted for three total studies, while Ethiopia (2 studies), Kenya (2 studies),
Cameroon, South Sudan, Zambia, and Zimbabwe accounted for one. The sample
size for the participants ranged from 47 to 300, and all of the studies included
case and control groups.

Furthermore, most studies, cases, and controls were not equivalent, and data
collection was done in the neighborhood Table 2. Drinking untreated water (7
studies), consuming raw vegetables (4 studies), interaction with an infected per-
son(s) (7 studies), eating outside of the home (4 studies), sharing toilet facilities
with more than one household (4 studies), a lack of health education on preven-
tive measures/intervention (3 studies), and poor hand hygiene before eating was
established as risk factors (2 studies).

Table 2. Summary of the primary study data based on WHO 2013 Report, Afro region 2012 [35].

Cholera Out Break
Country Case Fatality ratio (%) Preventive Measure
Cases Deaths Meta Recovery

DR Congo 391,524 30,539 360,985 7.80 Personal Hygiene
Mozambique 315,295 11,752 303,543 3.73 Personal Hygiene
Nigeria 260,966 259,920 1046 9.96 Personal Hygiene
Tanzania 204,569 172,93 8 31,631 8.45 Personal Hygiene
South Africa 186,462 1426 185,046 0.76 Personal Hygiene
Angola 182,875 13,326 169,551 7.29 Personal Hygiene
Zimbabwe 153,335 13,783 139,552 8.99 Personal Hygiene
Malawi 140,263 5428 134,845 3.87 Personal Hygiene
Ghana 128,525 6400 122,125 4.98 Personal Hygiene
Ethiopia 118,297 2846 116,451 2.41 Personal Hygiene
Uganda 99,517 7630 91,887 7.67 Personal Hygiene
Kenya 99,022 6556 92,466 6.62 Personal Hygiene
Zambia 97,408 6698 90,710 6.88 Personal Hygiene
Guinea-Bissau 91,609 3587 88,022 3.92 Personal Hygiene
Liberia 84,999 964 84,935 1.13 Personal Hygiene
Cameroon 72,551 5876 66,675 8.10 Personal Hygiene
Burundi 31,990 1042 30,948 3.26 Personal Hygiene
Cape Verde 14,144 285 13,859 2.01 Personal Hygiene
Algeria 12,729 650 12,079 5.11 Personal Hygiene
Burkina Faso 12,564 1513 1051 12.04 Personal Hygiene
Rwanda 11,449 585 10,864 5.11 Personal Hygiene
Swaziland 10,107 368 9739 3.64 Personal Hygiene
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3.2. Meta-Analysis
3.2.1. Drinking Untreated Water

Seven included studies identified the connection between drinking untreated
water and cholera outbreaks. The research was carried out in Nigeria [36], Ethi-
opia [37], Cameroon [38], Kenya [39], and Zambia [40]. This risk factor for a
cholera outbreak was correlated with a pooled odds ratio calculation shown in
Figure 2 and Figure 3 [OR = 1.83; 95 percent CI: (1.23, 2.44)]. The heterogene-
ity (I2 = 62.78%) between studies was less than 75%.

3.2.2. Eating Raw Vegetables

Eating raw vegetables was the second risk factor associated with the cholera out-
break. This risk factor was the subject of four reports. The analysis has pooled
odds ratio calculation [OR = 1.92; 95 percent CI: (0.88 - 2.97)], the probability of
cholera outbreak was nearly two times higher among people who consumed raw

vegetables Figure 4.

Odd ratio Weight

Study with 95% ClI (%)
Nsagha et a. 2015 —a— 2.22[ 1.30, 3.14] 15.47
Dinede et al. 2020 —a— 3.02[ 1.25,4.79] 7.86
Hudson et al 2020 —B— 1.87[ 0.82, 2.92] 13.94
saheed et al 2018 —B— 0.57[-0.61, 1.74] 12.57
Dan-nwafor et al 2019 —8— 2.65[ 1.70, 3.60] 15.10
Overall 1.83[ 1.23, 2.44]

Heterogeneity: 1 = 0.39, I = 61.78%, H’ = 2.62
Testof 8 =6 () = 15.41, p = 0.02
Testof 8 =0:2z=5.97, p=0.00

Abdulha et al 2018 2.05[ 1.35, 2.74] 18.28
Francis et al 2017 —— 0.88[ 0.06, 1.69] 16.78
T

Random-effects REML model

Figure 2. The estimate of the pooled odds ratio differed by region. Came-
roon [OR = 2.219; 95 percent CI: (1.300 - 3.139)], Ethiopia [OR = 2.182; 95
percent CI: (1.525 - 2.839)], Kenya [OR = 1.871; 95 percent CI: (.821 -
2.922)], Nigeria [OR = 1.639; 95 percent CI: (-0.406 - 3.685)] and Zambia
[OR = 0.875; 95 percent CI: (0.062 - 1.689)] had the highest estimate.

Odd ratio Weight

Study with 95% ClI (%)
Nsagha et a. 2015 —a— 2.22[ 130, 3.14] 1547
Dinede et al. 2020 —a— 3.02[ 1.25, 479] 7.86
Hudson et al 2020 —B— 1.87[ 0.82, 2.92] 13.94
saheed et al 2018 —B— 0.57[-0.61, 1.74] 12.57
Dan-nwafor et al 2019 —a— 2.65[ 1.70, 3.60] 15.10
Overall 1.83[ 1.23, 2.44]

Heterogeneity: T = 0.39, I = 61.78%, H’ = 2.62
Test of 8 = 6, Q(6) = 15.41, p = 0.02
Testof 8 =0:z=5.97, p=0.00

Abdulha et al 2018 2.05[ 1.35, 2.74] 18.28
Francis et al 2017 —3— 0.88[ 0.06, 1.69] 16.78
T

Random-effects REML model

Figure 3. Forest plots of odds, ratio estimates of cholera outbreak by drink-
ing untreated water.
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Odds Ratio ~ Weight

Study with 95% CI (%)
Nsagha et al.2015 —f— 222[130,3.14] 2868
Dinede et al.2020 ———@——273[1.08, 4.38] 19.22
Assen Endris et al 2019 —— 0.73[0.13, 1.32] 32.89
Francis et al 2017 — B 273[108 438 19.22
Overall -l 1.92[0.88, 2.97]
Heterogenety: 1 = 0.7, I"= 72.82%, H' = 3.68
Test of 8= 6; (3) = 12.90, p=0.00
Testof8=0:z=23.60,p=0.00

T T T T

Figure 4. Forest plot of odds ratio estimates of cholera outbreak by eating
raw vegetables.

3.2.3. Contact with an Infected Individual

Communication with an infected individual was classified as the third risk factor
identified in the included articles. It was reported in seven papers as a risk factor
associated with cholera outbreaks. The pooled odds ratio calculation [OR = 1.78;
95 percent CI: (1.20 - 2.36)] revealed that individuals who come into contact
with sick people are nearly twice as likely to catch the disease, shown in Figure
5.

The degree of heterogeneity (I2 = 42.76%) between studies was less than 75%.

3.2.4. Sharing Toilet Facilities with More Than One Person

Sharing toilet facilities with more than one household was the fourth risk factor
associated with cholera outbreaks. The pooled odds ratio calculation [OR = 1.09;
95 percent CI: (0.62 - 1.55)] was correlated with this risk factor for cholera out-

breaks in four articles from four different countries Figure 6.

3.2.5. Inadequate Health Education

The fifth factor linked to cholera outbreaks among African populations was a
lack of health education on preventive measures/interventions: three of the ele-
ven studies published on this risk factor. The pooled odds ratio in Figure 7 cal-
culation [OR = 1.18; 95 percent CI: (0.72 - 1.64)] was correlated with cholera

outbreak health education.

3.2.6. Eating Outside of the Home

Four researches looked at eating outside the home as a potential factor for cho-
lera outbreaks. According to the pooled odds ratio calculation shown in Figure 8,
[OR = 2.02; 95 percent CI: (1.28 - 3.18)], people who eat out are more expected to
catch the disease than those at home. The heterogeneity between studies was 62.7

percent less than the threshold of significant heterogeneity of 75 percent.

3.2.7. Eligibility of Hand Hygiene

Just two of the included studies published on poor hand hygiene as a risk factor
for cholera, and both were performed in Nigeria. This risk factor was correlated
with the pooled odds ratio calculation [OR = 0.62; 95 percent CI: (0.29 - 1.54)],
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which are shown in Figure 9. There was much variation between the studies (91

percent).

Odds Ratio ~ Weight
Study with 95% CI (%)
Dinede et al.2020 o 251[0.29, 472] 572
Hudson Taabukk Kigen et al. 2020 —B— 1.13[0.26, 2.00] 19.75
Saheed Gidado et al 2018 —B— 1.07[0.25, 1.90] 20.67
Thomas T et al. 2015 — B 2.56[1.13, 4.00] 11.11
Fatiregun et al 2013 —_— 2141031, 3971 7.77
Kone et al 2008 —B— 2.49[1.70, 3.28] 21.46
Alvin Shultz et al 2009 — 1.54[0.30, 2.78] 1352

Overall P 1.78[1.20, 2.36]
Heterogeneity: 1° = 0.24, I = 42.76%, H’ = 1.75
Test of 6 =6 0(6) = 9.85, p = 0.13

Test of 6 = 0: z=6.05, p = 0.00

Random-effects REML model

Figure 5. Forest plot of odds, ratio estimates of a cholera outbreak due to
contact with infected persons.

Odds Ratio ~ Weight

Study with 95% CI (%)
Nsagha et al.2015 —IJ— 0.92[0.21, 1.63] 42.09
Dan-Nwafor et al. 2019 o 170[0.18, 3.23] 9.20
Assen Endris et al 2019 ——a——209[0.79, 3.40] 1252
Alvin Shultz et al 2009 —B— 0.77[0.01, 1.54] 36.18
Overall - 1.09[0.62, 155]
Heterogeneiy: 1 = 0.00, = 0.00%, H'= 100
Testof8=6; 0(3)=3.79,p=0.29
Testof 6=0:2=4.61,p=0.00

T T T

Random-effects REML model

Figure 6. A Forest plot of odds ratio estimates of a cholera outbreak due to
sharing toilet facilities with more than one household.

Odds Ratio ~ Weight

Study with 95% Cl (%)
Hudson Taabukk Kigen et al. 2020 g 0.88[-0.11, 1.86] 21.47
Dan-Nwafor et al. 2019 — 0.92[ 0.08, 1.75] 30.17
Kone et al 2008 —————148[ 082, 2.14] 48.37
Overall -l 1181 0.72, 1.64]

Heterogeneity: 1 = 0.00, I = 0.00%, H' = 1.00
Testof 8 =8 Q(2) = 1.56, p = 0.46
Testof 6=0:2=5.07,p=0.00

Random-effects REML model

Figure 7. A Forest plot of odds ratio estimates of a cholera outbreak due to a
lack of health education on preventive measures.
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%

Study OR (95% Cl) Weight
! —‘—— 1.06 (0.46, 2.92) 24.38
2 —-’— 1.17 (0.45, 3.08) 22,51
3 __._ 2.40 (1.20, 5.70) 34.30
4 ————=——— 6.50(2.27, 18.62) 18.80
Overall, IV (I” = 62.7%, p = 0.045) <> 2.02 (1.28, 3.18) 100.00
! T
10625 1 16

Figure 8. Forest plot of odds ratio estimates of a cholera outbreak due to eating outside of

the home.
%
Study OR (95% Cl) Weight
! —_— 0.27 (0.10, 0.72) 70.35

z 5.90 (1.30, 27.20) 29.65

Overall, IV (I = 91.0%, p = 0.001) 0.67 (0.29, 1.54) 100.00

T
.03125

Figure 9. Forest plot of odds ratio estimates of a cholera outbreak due to poor hand hy-
giene before eating.

4, Bias in Publication

The funnel plot and Egger’s test were used to screen for publication bias among
the included studies for the meta-analysis [41]. According to Egger’s test (P =
0.25), the publication bias was shallow, which was not significant to the current

data, and funnel plots were symmetrical.

5. Discussion

Sporadic cholera outbreaks continue to occur, especially in Sub-Saharan Africa,
and are unchecked [42].

Inadequate health literacy, inadequate water and sanitation services, commu-
nity mobilization, and the absence of national plans, cross-border partnerships,
and overcrowding are all risk factors for cholera [43] [44].

In addition to the current preventive steps, improved water, sanitation, and
hygiene facilities and the use of OCVs are prominent. In Sub-Saharan Africa,
however, there are outbreaks and occasional cases of cholera [45]. To the best of
our understanding, no surveys have attempted to quantify the global prevalence
of the burden. Therefore, we used a systematic study and meta-analysis to inves-

tigate why the incomplete eradication of cholera diseases in Sub-Saharan Africa.
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Our report screened 42 full-text studies after eliminating duplicates and searched
for eligibility requirements in the papers we collected from databases applied to
the review objectives [46] [47]. Finally, 11 papers from three different research
designs were included in the final systematic review and meta-analysis. Many stu-
dies [43] [48] used an unmatched case-control design, while three used matched
case-control, one retrospective matched case-control, and one case-control design.
The sample size for the participants ranged from 47 to 300, and all of the studies
included case and control groups. Drinking untreated water, consuming raw
vegetables, interacting with infectious people, eating outside of the home, shar-
ing toilet facilities with more than one household, a lack of health education on
preventive measures/intervention, and poor hand hygiene before eating were the
risk factors found in the studies.

Related research on the risk factors for symptomatic cholera infection identi-
fied environmental factors, socioeconomic factors, and intrinsic patient factors
[49]. Another study represented the risk and protection hypothesis, and ex-
pected protective factors are not as reliably protective as predicted. However,
among the variables in safety are cholera transmission through multiple routes
and variation in the standard of sanitation and hygiene (WASH) intervention
implementation [50]. The correlation between untreated drinking water and
cholera outbreaks was identified in seven studies for meta-analyses, and five
countries share it. Nigeria, Ethiopia, Cameroon, Kenya, and Zambia are among
them. Although the pooled odds ratio estimate is 1.83, the variability associated
with this risk factor for a cholera outbreak was less than 75%. With a long-term
solution to water WASH, a report on climate change as a negative or positive re-
lated factor for cholera transmission. Drought, for example, can increase patho-
gen desiccation and reduce rainwater harvesting [51]. Finally, we have four stu-
dies that point to consuming raw vegetables as a risk factor for cholera out-
breaks. The pooled odds ratio was 1.92, and the study revealed that the risk of
the cholera outbreak was nearly twice as high among people who consumed raw
vegetables.

A positive correlation was found in a study to evaluate and synthesize estab-
lished evidence of OCV efficacy when used reactively in real-world conditions
[52]. Another risk factor for cholera is fetal, neonatal, and maternal mortality
caused by cholera during pregnancy. One research, however, found no differ-
ence in fetal death rates by trimester [52]. Contact with an infected individual
was listed as a risk factor associated with cholera outbreaks in seven articles in
our research. The pooled odds ratio was 1.782, indicating that people are almost
twice as likely to acquire the disease if they contact infected people. Four papers
from four different countries mentioned sharing toilet facilities with more than
one household, and the pooled odds ratio estimate 1.09 as correlated with this
risk factor for the cholera outbreak. Three articles identified a lack of health
education on preventive measures/interventions as a factor associated with cho-

lera outbreaks among African populations. Just two of the included studies pub-

DOI: 10.4236/aid.2021.112022

251 Advances in Infectious Diseases


https://doi.org/10.4236/aid.2021.112022

N. G. Paye et al.

lished on poor hand hygiene as a risk factor for cholera, and both were per-

formed in Nigeria.

Minimizing Cholera in Sub-Saharan Africa

Cholera typically causes significant outbreaks and epidemics in Sub-Saharan
Africa, owing to a lack of safe water and sanitation and insufficient case care.
When symptomatic or asymptomatic carrier enters a vulnerable community or
when an individual meets contaminated environmental sources, an outbreak
might begin in a new place [53]. Once cholera has infected individuals in a new
region, initial propagation is determined by the degree of individual bacterial
shedding, host and organism characteristics, and the probability of other hu-
mans encountering an infectious dose. Shedding may occur before and up to
seven months after the onset of symptoms. Symptomatic individuals shed sig-
nificantly more V. cholera (107 - 10° per ml of feces) than asymptomatic indi-
viduals (10° V. cholera/ml). The infectious dose is 10* - 10'! for a susceptible in-
dividual. Following patient excretion, V. cholera develops a hyper-infectious
state that lasts at least 5 hours in an aqueous environment [54]. Increased viru-
lence or introduction of similarly virulent strains into an immunologically naive
population can raise the danger of outbreaks and may have contributed to on-
going epidemics in Africa [55]. The various biological processes that comprise
the aquatic environmental reservoir are essential for the epidemic V. cholerae’s
long-term survival. Numerous organisms, including algae, crustaceans, floating
aquatic plants such as water hyacinth, phytoplankton, and zooplankton such as
copepods, are commensal with pathogenic vibrios [56]. Vibrios can enter a
dormant state and remain in an aquatic environment in reaction to nutrient re-
striction; subsequent changes in water temperature, salinity, pH, and nutrients
can resuscitate vibrios and result in their growth epidemics. Water is very cer-
tainly a significant factor in causing cholera outbreaks in Africa, with lagoons
and estuaries contributing to coastal sickness and lakes and rivers contributing
to interior sickness [57]. Contamination of human drinking water or food
sources can significantly accelerate the spread of cholera. Contamination of wa-
ter sources continues to be the most often reported risk factor for cholera out-
breaks in Africa and throughout the world, accounting for 29 percent of 306 risk
factor reports between 1995 and 2005. Transmission is possible through drink-
ing contaminated water from lakes, rivers, estuaries, irrigation canals. In Africa,
cholera transmission has been linked to river bathing and residential water con-
sumption [58].

However, when stored in open containers within households or during trans-
portation, clean water may get contaminated. Vendors may pollute drinking
water during the extraction of water from wells and the transfer to containers
purchased. Shallow, uncovered hand-dug wells, which are the primary source of
drinking water for many people in Africa, have been implicated with cholera

epidemics across Sub-Saharan Africa on multiple occasions [59]. For instance, in
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the Douala slum region of Cameroon, over 70,000 wells are less than 1.5 meters
deep and frequently become contaminated by shallow groundwater, which is
polluted by sewage and latrine discharge drains. Food can become infected with
Vibrio cholera in the natural environment while being prepared or stored. Due
to the concentration of vibrios in the gastrointestinal tracts of mollusks, crabs,
these kinds of seafood have been consumed linked to cholera outbreaks. Trans-
mission of V. cholera O1 has been linked to the consumption of unwashed raw
vegetables and fruits and poor hygiene practices during meal preparation, as ob-
served during fish gutting processes. Food that has been improperly stored and
reheated has been proved to carry cholera. In Africa, cooked rice in Guinea, mil-
let gruel in Mali, and pigeon peas in Malawi have been discovered.

Individual or population-level aggravating factors for cholera outbreaks may
exist. For example, increased gastric acidity decreases the chance of developing
symptomatic cholera and increases the inoculum necessary for sickness. In addi-
tion, Hypochlorhydria caused by Helicobacter pylori infections is widespread in
many African settings, increasing individual susceptibility to cholera.

Cholera Outbreaks in Africa.

There have been 127 cases of cholera in Africa. Likewise, vitamin A insuffi-
ciency, more than protein-calorie malnutrition, may raise the chance of con-
tracting cholera. Global climatic events may affect the previously stated local
climatic risk variables at the population level, most notably the El Nio/Southern
Oscillation (ENSO) [56]. ENSO can increase the frequency of rain and floods
and the temperature, hence exacerbating outbreaks in cholera-prone locations.
Political violence can increase the risk of cholera outbreaks by resulting in the
collapse of health and sanitation infrastructure, including disruption of food
supplies and subsequent malnutrition, destruction of water supplies and road
networks, decreased availability of medical personnel, and destruction of health
facilities. Liberia’s civil war triggered a large cholera outbreak, aggravated by
overcrowded refugee camps and the collapse of public health and clinical facili-
ties, a circumstance that also occurred during Sierra Leone’s ten-year civil war.
Cholera outbreaks related to civil conflicts may spread to neighboring nations,
where hundreds of thousands of people may be housed in refugee camps without
proper sanitation and hygiene services. Malawi received political refugees fol-
lowing armed strife in Mozambique in 1986, and by October 1990, Mozambican
refugees accounted for 10% of the population; from 1988 to 1990, at least nine
cholera outbreaks were documented in these refugee camps. Similar incidents have
occurred among internally displaced persons in Kenya during the post-election vi-
olence, in Rwanda following a refugee exodus from the Democratic Republic of
the Congo, and in a Sudanese refugee camp. Economic problems unrelated to
the conflict have played a role in spreading cholera in several African countries.
Beginning of the economic crisis in 1998, Zimbabwe has recorded cholera every
year [60], with the vast 2008-2009 outbreak being linked partly to the country’s

catastrophic economic circumstances and the accompanying collapse of public
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health and clinical service systems. Fuel shortages may impede the management
of cholera cases, for example, if health personnel cannot visit their clinics or
health centers.

In Nigeria, Zambia, Kenya [61], and Guinea-Bissau [61], simple hygiene
measures such as handwashing with soap have been proven to protect against
cholera. Having access to a clean latrine within or outside the family may also
help reduce the risk of contracting cholera. Acidic meals impede the growth of
Vibrio cholera. Consuming tomato sauce (pH 5.0) was found to protect against
symptomatic cholera during an epidemic in Guinea. Similarly, lime juice, which
has been utilized as a prophylactic measure in northern Indian regions during
the cholera season, had a significant protective effect when added to the sauce, as
demonstrated in Guinea-Bissau 1996. Vibrio survival is decreased in foods con-
taining less water and a higher osmolarity, such as dried, salt-preserved, and
sugar-preserved foods. It has been demonstrated that consuming dried fish has a
protective impact. In Sub-Saharan Africa, risk factors for cholera infection,
transmission, and proliferation are highly context-dependent and may vary sig-
nificantly between sub-regions and geographical areas. In more developed re-
gions, natural contamination via infected seafood or vegetables is more likely to
account for cholera cases.

In contrast, in impoverished areas, risk factors such as a lack of potable water
and proper sanitation are more likely to account for cases typically caused by
humanitarian crises and exacerbated by natural disasters like flooding. In addi-
tion, political instability and civil conflict have been demonstrated to increase
the risk of cholera outbreaks, particularly among vulnerable populations such as
refugees, who have even less access to safe drinking water and sanitation facili-
ties. Finally, climate considerations exacerbate these harsh conditions repeatedly,
resulting in more frequent and fatal cholera outbreaks. In Africa, cholera is pre-

dominantly a poverty-related disease.

6. Limitation and Strength

The analysis has many advantages: To begin, we used a pre-specified protocol
for search and data extraction, as well as a quality evaluation of two independent
investigators to reduce assessor bias. The pooled estimate was then subjected to
sensitivity analysis to assess its robustness. Nevertheless, our systematic review
and meta-analysis have some shortcomings: First, subgroup analysis revealed no

substantial difference in heterogeneity compared to the overall outcome.

7. Practices Implication

Periodic surveillance commitments necessitate disaggregated data, which would
be made available weekly or monthly from local settings, to provide analytical
data for the cholera control roadmap. Since most cholera outbreaks are periodic,
the existence of cholera can provide annual windows of opportunity for regula-

tory cholera preparedness activities. Surveys are necessary to establish the effec-
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tiveness of intervention in Sub-Saharan Africa and the mode and study selection.
There were no variations in terms of other outcomes when comparing the safety
and effectiveness of different ranges of ORS for treating dehydration due to cho-
lera. We suggest that mothers have adequate sanitation and water quality know-
ledge, diarrheal complications such as dehydration be recognized early, and oral
rehydration solution (ORS) be used immediately at home. These are useful in
the treatment and prevention of cholera and its complications. Mothers’ healthy
feeding habits for young children will help reduce more than 10% of childhood
diarrheal mortality. Furthermore, good hygienic practices, especially proper

hand washing and waste disposal, may help reduce the prevalence of cholera.

8. Conclusion

In Sub-Saharan Africa, a novel behavioral change and these techniques are the
last line of protection in improving general wellbeing or health by reducing the
burden of cholera disease. The cost-effectiveness of the available approaches
must be examined. Improved water, sanitation, and hygiene systems and the use
of OCVs can help prevent cholera transmission. Analytical data for the cholera
control roadmap provides periodic surveillance commitments that necessitate
disaggregated data, which would be made available weekly or monthly from lo-
cal settings. Since cholera outbreaks are usually seasonal, the regulatory commu-

nity should plan for cholera preparedness measures annually.
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