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ABSTRACT

The objectives of this research study were to find out the cases of cholera
in West Africa regions from year 2012-2017 for the period of six years and to pinpoint
the factors associated with the trends of cholera occurrence and intensity. The reported
data of the study were gained from Humanitarian Data Exchange (HDX) in
collaboration with World Health Organization (WHQ). The model described replaces
incidence by a bivariate outcome-comprising occurrence (taking values 0 if no case
occurs or 1 otherwise), and intensity (incidence rate for cases that occur). Logistic
regression was used to model occurrence, and log-linear regression was used to model
intensity. The overall cases of cholera were totalized 326 778 cases in those 17
countries. The average proportion of cholera incidence rate per 100,000 population in
many countries was below 1% and 0.1%. The highest average proportion was Sierra
Leone with 22 729 cases for the population of 6.47 million, whereas Mali and Burkina
Faso showed the lowest average proportion with 242 and 143 incidences for the
population of 18.99 million and 20.29 million respectively. The DR. Congo was the
highest cases rate about 178.129, second to Nigeria 52756 cases appeared and Burkina
Faso only 143 cases. In addition, cholera rates were higher in September and October,
but decreased in 2015-2017, according to the model. When incidence and intensity are
combined, two northern countries (Mali and Niger) have both high occurrence and high

intensity, but three coastal countries (Guinea-Bissau, Cote d'lvoire, and Togo) have
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both low occurrence and intensity. The incidence and intensity of four countries are

considerably varied.
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CHAPTER 1

INTRODUCTION

1.1 Background and rational

Cholera is a vital public health problem worldwide. Even though many
of cholera contamination are difficult to detect, huge cholera outbreaks have been
observed in Haiti, Vietnam, Congo Republic and Zimbabwe in recent years (WHO,
2016). Cholera cases have not been practical found in developed countries for over a
century, because of their decent water and sewage treatment infrastructures. However,
the causative agents (Vibrio cholerae O1 and O139) continue to boom wherever
crowded housing conditions exist, and water and sanitation facilities are suboptimal
(Gaffga, 2007).

Nowadays cholera is endemic in 47 countries, particularly in areas
where the water, sanitation and hygiene (WASH) infrastructure is poor, and the most
vulnerable groups in those particular areas are local. Epidemics occur both within and
outside of endemic areas, often amid humanitarian crises, when the WASH
infrastructure breaks down or is overwhelmed. In a situation where the population lacks
immunity, a wider age range is affect, often with more severe clinical manifestations
(Legros, 2018). Cholera is a bacterial disease of people caused by Vibrio cholerae (of
classical or el tor biotypes) which characteristically causes serious loose bowels, and
death (in those severely influenced) from water and electrolytes consumption.

Cholera has been calling a “Blue Death” due to a patient’s skin turning
a bluish-grey color from extraordinary misfortune of fluids (Payton et al., 2010). Enteric

disease-causing infections stay a significant problem throughout the world. An



approximately 2-4 billion episodes of infectious diarrhea happen annually in
developing nations, leading in 3-5 million fatalities, with the largest incidence and case-
fatality rates among kids under the age of five (Rasti and Brown, 2019). Nearly half of
all diarrhea instances are due to disease-causing bacteria generating one or more
enterotoxins. Among these, the most serious disease is caused by V. cholera. Cholera
is thought to be at least as prevalent now as it was 50 years ago, with approximately
100, 000 — 300,000 cases reported annually to WHO in 1995- 2004 (Yang, 2019). West
Africa had been free of cholera during the entire twentieth century until August 1970
when a devastating epidemic of more than 150,000 cases and 20,000 deaths occurred.
Cholera is still endemic in West Africa (WHO, 2017).

In a medical report from India, recorded proof of cholera epidemics
dates back to 1563 (Okoh, 2018). In the nineteenth century, cholera spread from its
apparent ancestral site in the orient to other parts of the world, producing pandemics in
Europe (Rahman, 2018). The first pandemic was reported in 1817, showing a spread of
the disease outside the Indian subcontinent along trade paths to south Russia's west. A
second pandemic began in 1826, reaching the biggest European cities by the early
1830s (Mourya et al., 2019). The pandemic reached the United Kingdom in 1831 and
the reaction was crucial in that it led to the establishment of local health boards and a
"Cholera Gazette," which served as a clearinghouse to monitor the outbreak (Grove and
Adamson, 2018). At that period cholera was believed to be spread by the “miasma”
(like a fog) coming from the river, but the classic epidemiological study of John Snow
in 1854 in London showed that the disease was linked with contaminated drinking water
even before any bacteria were known to exist (Cottrel, 2019). Many past studies had

focused on the incidence of cholera in Haiti, Africa countries, especially in DR. Congo.



However, there are limited studies that has been considered to study cholera outbreak
in West Africa countries as a region. Hence, the present study is concerned about the
trends, occurrence and intensity of cholera outbreak in West Africa from 2012 to 2017.

The results of the study would show the high and low cholera in terms
of occurrence, intensity and seasonal pattern. The significant of the study will provide
useful information in better understanding the trends, occurrence, and intensity on how
to prevent the citizen from this deadly disease contamination. In addition, safe oral
cholera vaccines should be used in conjunction with improvements in water and

sanitation.

1.2 Objectives

The objectives of this study are as follows.
1. To investigate the trends of cholera occurrence and intensity in West Africa.

2. To compare the disparities of cholera occurrence and intensity in West Africa.
1.3 Expected advantages

1. The description of the occurrence and intensity of cholera is
performed

2. Statistical model for analyzing the disparities of occurrence and
intensity is obtain

3. The results of this study will assist in better understanding of the
danger of cholera in most affected countries in West Africa, this useful information will

allow the decision makers to create public awareness and be more proactive



1.4 Literature reviews
1.4.1 Occurrence of Cholera

Africa accounted for the majority of the global disease burden during
the existing seventh cholera pandemic. More than 40 years after its resurgence in Africa
in 1970, cholera remains a serious public health issue, characterized by a high disease
burden, frequent outbreaks, persistent endemicity, and high CFRs, particularly in the
region of the central African Great Lakes, which may serve as cholera reservoirs. Cases
occur all year, with an increase in frequency during the rainy season. Elsewhere in Sub-
Saharan Africa, cholera is mostly found in small outbreaks with the constant threat of
widespread epidemics (Shimada, 2008). African countries reported 3,221,050
suspected cholera cases to the World Health Organization between 1970 and 2011,
accounting for 46% of all cases reported globally. Sub-Saharan Africa accounted for
86% of reported cases and 99% of deaths worldwide in 2011, excluding the Haitian
epidemic. Because of differences in modalities, completeness, and case definition in
national cholera data, the number of cholera cases may be much higher than what is
reported to the WHO. Adjusting for underreporting, one source estimates 1,341,080
cases and 160,930 deaths in Africa (52.6% of 2,548,227 estimated cases and 79.6% of
209,216 estimated deaths worldwide). Another estimate is 1,411,453 cases and 53,632
deaths per year (50 percent of the estimated 2,836,669 cases and 58.6% of the estimated
91,490 deaths worldwide) (Balakrish, 2006). Until 2017, African countries reported
more than 4 million cholera cases to the World Health Organization. Explosive
outbreaks occurred in the Democratic Republic of the Congo (DRC), Ethiopia, Nigeria,
Somalia, South Sudan, Sudan, and Zambia in 2017. In 2017, the total number of cholera

cases and deaths reported to the World Health Organization from Africa was 179,835



and 3,220, respectively, with reported case fatality rates ranging from zero in many
countries to 3.2% in Zambia, 5.2% in Angola, and 6.8% in 5 Chad. These high case
fatality rates reflect significant barriers to adequate case management in large parts of

Africa (Deen et al., 2019).
1.4.2 Intensity of Cholera

Cholera is an acute illness with severe hypoperfusion complications that
can include stroke, acute tubular necrosis with renal dysfunction, and aspiration
pneumonia from the extensive vomiting (Mandell et al., 2016). Despite advances in
disease knowledge and treatment, cholera remains a major public health problem in
several countries. Unless the disease is diagnosed and treated by health professionals
as soon as possible, the case fatality rate in its epidemic form can be as high as 30%.
(Mahmud et al., 2014).

The World Health Organization (WHO) reported that cholera is an acute
diarrheal disease that can Kill within hours if left untreated. Researchers have estimated
that each year there are 1.3 million to 4.0 million cases of cholera, and 21,000 to

143,000 deaths worldwide due to cholera (Ali et al., 2015).
1.4.3 Trends of Cholera

Several countries were still dealing with cholera outbreaks. In total, 54%
of cases were reported in Africa, 13% in Asia, and 32% in Hispaniola. Cholera remains
a major health issue, primarily affecting developing-world populations who lack access
to adequate water and sanitation resources (WHO, 2017). Between 1970 and 2011, half
of all cases in Africa were reported from just seven countries: Angola, the Democratic

Republic of the Congo, Mozambique, Nigeria, Somalia, Tanzania, and South Africa. In



conversely to the global trend of decreasing case fatality ratios (CFRs), CFRs in Africa
have remained steady at about 2%. (Balakrish et al., 2006). Cholera has been recorded
in many nations around the world, despite attempts being made by many nations to
prevent the spread of the illness (WHO, 2017a). Officially reported cases, however, do
not reflect the overall burden of the disease due to under-reporting of cases due to
political and economic reasons, fear of loss of tourism and trade, and poorly functioning
surveillance systems (WHO, 2017b). In 1992 estimated 235,000 clinical instances of
cholera in Bangladesh in 1991, but none were recorded formally that year (WHO,
1992). The WHO has approximately 5-10 percent of the real number of instances

recorded globally (WHO, 2017).



CHAPTER 2

METHODOLOGY

The chapter of research methodology expresses the methods considered
in the study that includes the following components.

(1) Data source and study area

(2) Data collection and management

(3) Path diagram and variables

(4) Statistical methods
2.1 Data source and study area

Cholera epidemics data for West Africa were derived from
Humanitarian Data Exchange (HDX) in collaboration with World Health Organization
(WHO) from the period of 2012-2017. These data provide information on country code,
country name, and affected cases date by week and year, the 17 countries from the data
are geographically located in West Africa namely: Nigeria, Guinea, Guinea Bissau,
Burkina Faso, Mali, Cote D’Ivoire, Chad, Niger, Togo, Ghana, Benin, Central Africa,
Cameroon, Congo, Democratic Republic Congo, Sierra Leone and Liberia as shown in
Figure 1. The data is available from the Humanitarian Data Exchange (HDX) website
at https://centre.humdata.org, supported by the US Census Bureau .Populations and
projections for all countries in the world together with other useful population data are

freely available from the US Census Bureau website at https://www.census.gov.


https://www.census.gov/

UTM-North (km x1000)

Liberia

0 1
UTM-East (km x1000)

Figure 0.1 Geographical location of the study area

2.2 Data management

Cholera epidemics data for West Africa from Humanitarian Data
Exchange (HDX) and US Census Bureau were recorded as a text file. Checking of
errors was performed, to find out wrong codes, and missing values. Before analyzing
the data, errors cleaning was performed, only few errors were found and omitted. For
further analysis normalize data from the table into just four fields was done, note that
2015 has 53 weeks, so it was removed. Senegal data for only three years was presented,
it was excluded. Thus, all of the missing values and errors were omitted in order to

proceed further analysis. All of these data management was done by using R program.



2.3 Path diagram and variables

2.3.1 Path diagram

Path diagram consists the determinants and outcomes. The variables of
this study are determined as determinants for countries, years and weeks while the

outcomes variables are determined as occurrence and intensity as it is shown on the

below path diagram.

Determinants

Countries

- 17 countries

Years

- 2012-2017

Weeks

2.3.2 Variable Types

The data used for the study consist of year and week, (17 country), year

(2012-2017) and occurrence and intensity rate. The variables roles and data types are

shown in Table 2.1.

Figure 0.2 Path diagram

Outcomes

Occurrence

Intensity
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Table 0.1 Variable types and roles

Variables Types (Number of categories) Roles
Occurrence Continuous Outcome
Intensity Continuous Outcome
Country Ordinal (17) Determinant
Year Ordinal (6) Determinant
Week Ordinal (52) Determinant

2.4 Statistical methods
2.4.1 Cube root transformation of incidence rate

Incidence rates was computed as the number of cholera cases divided by
the number of population and multiply by 100,000. Then it was transformed using the
cube root to satisfy the distributional and variance homogeneity requirements. The cube
root transformation was appropriate for this dataset since it avoided over-transforms
and handled zero counts. We did not attempt to impute such outliers despite apparent

anomalies in the database.
2.4.2 Poisson model

Since occurrence and intensity rates were considered as count data being
the number of people who affected from cholera, Poisson regression model is suitable
for fitting models with count data, which are non-negative and integer values. The
likelihood function for the Poisson distribution with observed counts of y is given by,

e 4Ny
y!
Where A is the Poisson parameter, which equals to both the mean and

Pr(Y =y) =

the variance, e is the base of the natural logarithm and the number of occurrences of the
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event is y, which the probability giving by the Poisson function. Since A is the adjust
parameter in the Poisson model for the variation in observed count that tracks the
Poisson distribution. The Poisson distribution mean must be greater than zero. It would
be unfitting to assume that,

A=a+bix;+ -+ bx;

The restriction of Poisson distribution is the mean must be equal to
variance. Poisson regression model can be fitted to use generalized linear models
(GLMs) with the log link function. Suppose that 4;;, is a number of affected cholera
cases in West Africai, week j, and year t. Then the Poisson regression model is given
by

In(A;5.) = In(Pyje) + u+ a; + B + v

The parameter A is the mean of A;¢, P;j, is the population in West Africa
i, countries by week j and year t, o is the effect of West Africa, (3 is the effect of week
and v is the effect of year. We assume that the effect of variables o, 1 and y1 equal to
zero. Poisson model assumption is frequently violated because of the problem of over

dispersion. This means that the variance is greater than mean. Therefore, substitute

model, which is negative binomial, was then considered.
2.4.3 Negative binomial regression

The negative binomial is another regression model for count data when
Poisson regression does not fit to the data. The distribution of observed counts y takes

the form:

k

Prob(Y =y) = FOF,(-}; I)llek) (k -li /1> (k i A)

y
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In this equation T' is the gamma function and k is known as the
dispersion parameter, (is greater 0). Unlike the Poisson distribution when the mean
must be equal to the variance, the negative binomial is A+A?/ k. The negative binomial
is equivalence to the Poisson distribution model if k the dispersion parameter is equal
to zero. Thus if k is equal to zero, Poisson model is appropriate whereas the negative

binomial is appropriate if k is significantly different from zero.
2.4.4 Logistic regression model

A statistical model used for analysis of epidemiological data is the
logistic regression model that requires the response variables, which are dichotomous.
It is suitable for binary outcome data and can manage general exposure variables not
just only dichotomous. In this research study, the outcome is the occurrence, thus it is

rational to use the logistic regression model. This model takes the form (McNeil, 1996)

ln(lfp)=a+b1x1+b2x2+~--+bjxj

Where p denotes the probability of occurrence of the outcome and x;
represent the j determinant. This equation may be inverted to give an expression for the

probability p as

1
pP=
1+ exp(—a—X7_, bx)

The functional form of the right-hand side ensures that its values are
always between 0 and 1, which rational given that they are probabilities. Thus, the odds

ratio for comparing two levels of the determinant x; is given by

p
OR = exp Z bj(xj(l) _ xj(O))
j=1
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The parameter b in the model may be interpreted directly as natural

logarithm of the odds ratio.
2.4.5 Log- linear regression models

Log-linear regression model have two important advantages, the first
advantage it is flexible and the second advantage it is interpretable. It is also associated
with analysis of variance and regression, which contains all the modeling flexibility.

Log (Y)=a + BX

The interpretation of log-linear equation is one-unit change in X leads
to 100*B percent change in Y. These models were used to describe occurrence (taking
values 0 if no case occurs or 1 otherwise) and intensity (incidence rate for cases that
occur). Where logistic regression was used to model occurrence, and simple linear
regression after log-transforming (“log-linear” regression) was used to model intensity,

the model’s assessment was done with the normal quantile-quantile (Q-Q) plots.
2.5 Ethics Approval

Ethical approval for the study was obtained from Ethical Review
Committee for Human Research, Prince of Songkla University, Pattani Campus, No.

PSU.PN.1-006/63, March 31, 2020.
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CHAPTER 3

RESULTS

This chapter presents the finding on the trends in weekly cholera
incidence in West Africa from 2012-2017. The disparities of the cholera occurrence

and intensity also illustrated through the models.
3.1 Trends in weekly cholera incidence

Figure 1 shows the time series plot of weekly incidence rate for 17 West
African countries. These plots show rates of cholera cases per 100,000 population in
successive weeks for years 2012-2017. The trend is approximately constant for the

Democratic Republic of Congo, but rates vary a lot in other countries.
3.2 Seasonal patterns of weekly cholera incidence

Seasonal patterns of cholera incidence rates are depicted in Figure 3.2.
The overall incidence rate is represented by the red line. Each county's actual incidence
rate is represented by the black line. It shows that cholera rates rise after July, when
monsoon rains come, with larger peaks in Sierra Leone, Guinea Bissau, Guinea, and

Ghana. There are three exceptions: Ivory Coast, Congo-West, and Liberia.
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Figure 0.1 Time series plots of weekly incidence rate
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3.3 Model fitting and diagnostic

This subsection illustrates the results for a model of the cholera
incidence. Poisson model and negative binomial were modeled since the cholera cases
is a count data. Moreover, we suggest the alternative methods to model the incidence
rate. The model described replaces incidence by a bivariate outcome-comprising
occurrence (taking values 0 if no case occurs or 1 otherwise), and intensity (incidence
rate for cases that occur). Logistic regression used to model occurrence, and simple
linear regression after log-transforming (“log-linear” regression) used to model
intensity.

The detail of each model was shown below. We use both Poisson and
negative binomial, with week, year and country as predictive factors. There should be
5,304 (52 weeks x 6 years x 17 countries), but 20 are missing because Liberia has no
data for weeks 1-9 in 2015, Sierra Leone has no data for weeks 49-52 in 2012 and Togo
has no data for weeks 48-52 in 2012. Figure 3.3 (A) shows that the Poisson regression
model fits very poorly according to the residual Q-Q plot. Therefore, we tried to another
model which is negative binomial regression model with 6 = 0.26. This model shown

reduces error but fit remains poor as figures 3.3 (B).
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Figure 0.3 Residuals Q-Q plot for Poisson regression model (A), and negative binomial model (B)

3.4 Confidence intervals for a logistic regression of cholera occurrence

Figure 3.4 shows confidence intervals of cholera occurrence for levels
of each risk factor. However, confidence intervals for weeks are relatively wide
compared to those for year and country. This may cause from the number of cholera
occurrence in each week quite small. Thus, the four-weeks period graph is conducted

as shown in Figure 3.5.
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Figure 0.4 Confidence intervals plot for cholera occurrence

Figure 3.5 shows confidence intervals of occurrence for each risk factor

using four-week periods, similar to month but with 13 periods each year, to show a

seasonal pattern. Confidence intervals now have similar sizes. A confidence intervals

plot shows that cholera rates were higher in September and October, lower in 2015-

2017, higher in Guinea, Niger and Congo (west) and lower in Cote d’Ivoire, Cameroon,

the Democratic Congo and Central African republics, Togo and Guinea Bissau.
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Figure 0.5 Seasonal Occurrence Pattern using Four-week Periods

3.5 Confidence intervals for a log-linear regression of cholera intensity

Figure 3.6 Shows the confidence interval for a log-linear regression of
cholera intensity. The green dots denote crude intensity rates, computed directly from
data for each factor. The black cross symbol denotes intensity rates computed from the
model. They differ from those in the model, due to log transformation bias. The green
line represents the overall mean of the intensity. The graph shows that cholera rates
were higher in September and October, lower in 2015-2017. The countries with higher
intensity rates were Guinea, Niger, and Congo (west) and lowered in Cote d’Ivoire,
Cameroon, the Democratic Congo and Central African republics, Togo and Guinea
Bissau. In addition, the Q-Q plot of residuals shows that a log-linear model also fits

well to this data as shown in Figure 3.7.



21

Cases/100,000 Population Confidence Intervals Plot Cholera Intensity in West Africa

Log-Linear Model r-sq: 0.495 a Nigeria g Burkina.Faso m Sierra.Leone

g q g ggg b DR.Congo h Mali n RCA
S ¢ 2014 8 8g§ieng‘lvoire | 8[]%%a 8 Eigg%g

Overall Mea_n d 2015 € Cameroon Benin g Guinea.Bissau
— Overall Median e 2016 f Niger | Togo
4 + Confidence Intervals f 2017 - o
@ Crude Rates 1

| . .
2 - . ' Jr
i .'*H\Li t A %
05 4‘;.1—+'J'l|/f ™ \ /o ~ J
’YJ\F. ° ' \E}/ﬁ}

0.25 ql- | + 4
° ol lL |
01 ° | |
I T4
0.025 I
p-value <0.0001 p-value <0.0001 p-value <0.0001
123456 7 8 910111213 abocdef abcdefghijkImnopgqg

Four-week Period of Year Year Country

Figure 0.6 Confidence intervals plot for cholera intensity
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Figure 0.7 Residuals Q-Q plot for Log-linear regression model
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3.6 Thematic Maps of Cholera Occurrence and Intensity

Confidence interval plots can be used to divide levels of a risk factor into three
groups, depending on the placement of these intervals completely above, around, or
below a specified level. Thematic maps show that these metrics have different patterns.
For example, Congo (DRC) shows high occurrence and low intensity, whereas the

reverse is true for Ghana, Cameroon and the RCA.

UTM-North (km) Cholera in West Africa: 2012-2017
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1000

4-week Intensity

Cases/100,000
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-10001 O3 Around 0.25
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g

-1000 0 1000 2000 3000
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Figure 0.8 Thematic Maps of Cholera Intensity
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Figure 0.9 Thematic Maps of Cholera Occurrence

Figure 3.10 shows all combinations of occurrence and intensity levels.
Spearman’s correlation coefficient between occurrence and intensity is -0.04, indicating
that these measures are unrelated. From this map, we can see that two northern
countries (Mali & Niger) have both high occurrence and high intensity, whereas for
three coastal countries (Guinea-Bissau, Cote d’Ivoire & Togo) occurrence and intensity
are both low. In four countries (shaded pink or green) occurrence and intensity are quite

different.
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Figure 0.10 Occurrence-Intensity Map
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CHAPTER 4

DISCUSSIONS AND CONCLUSION

This final chapter resume the discussion of the previous chapters in
terms of results presented, the summary of findings; the limitations recommendations

for the future studies also concluded.
4.1 Summary of findings

The overall cases of cholera in West Africa countries from 2012-2017
for the period of six years was totalized 326 778 cases in those 17 countries. The
average proportion of cholera incidence rate per 100,000 population in many countries
was below 1% and 0.1%.

The highest average proportion was Sierra Leone with 22 729 cases for
the population of 6.47 million, whereas Mali and Burkina Faso showed the lowest
average proportion with 242 and 143 incidences for the population of 18.99 million and
20.29 million respectively. The DR. Congo was the highest cases rate about 178.129,
second to Nigeria 52756 cases appeared and Burkina Faso only 143 cases. In addition,
for the trends Ghana showed high in 2014-2015, Sierra Leone started high peak in 2012
and dramatically decreased in 2017, also Guinea Bissau the trends increased in 2012

and no peak at in from 2015-2017.
4.2 Discussions

Since the interesting outcome is the incidence rate of disease, most
studies use Poisson and Negative binomial models to illustrate the association between

the risk factors and incidence rate. However, in this study was found that those models
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were not fit to the data. Therefore, we suggest using the occurrence and intensity of
cholera disease instead of incidence as the outcome. The logistic regression and log-
linear regression to model the occurrence and intensity, respectively. The results
showed that the logistic regression and log-linear regression could be fit to the data
quite well compared to those models for Poisson and negative binomial based on the
Q-Q residuals plot. These two models provide similar results for both seasonal patterns
and time series trends. Thus, we may conclude that the way of analyses such data
separately fit a logistic model for disease occurrence and a log-linear regression model
for disease intensity after excluding non-cases to ensure that zero incidences are not
included in the model can be an alternative method to the traditional Poisson regression
and negative binomial regression.

The finding from this study was supported by many articles, which
applied the logistic regression for determined the association between risk factors and
cholera cases. The study by Nsenga (2020) was shown that logistic regression model
fit well in predicting the cholera incidence. The model’s overall percentage of accuracy
in classification is 78.0%, and the area under the ROC is 0.903. Similar to the finding
by Rajendran et al. (2007) which stated that the multinomial logistic regression model
was an effective approach for predicting the acute diarrheal patient infected with Vibrio
cholera compared with discriminant function analysis and log-linear models. Moreover,
the study by Musa and Olayemi (2020) also confirmed that the logistic regression can
depict the main risk factors statistically significant association with the responses of the

patient to cholera treatment.
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4.3 Conclusion

Another advantage obtained from this study is the alternative way of
analysis the pandemic of cholera disease. Although many statistical and mathematical
approaches have been applied to analyze the cholera pandemic in various aspects.
However, most of the studies have been used methods complicated and difficult to
generalize by researchers who are not familiar with the theory. Therefore, this study
was introduced to analyze such kind of data with basic statistical modeling. Although
the Poisson regression is one of the well-known methods for analyzing the incidence
rate, and the negative binomial is one another method applied when the data is not
satisfied with Poisson regression. But this analysis shown that those methods still
irrelevant. Aside from the pandemic trend, which may be relevant to organizations or
policymakers, the study found that this technique is advantageous to researchers in

order for them to continue their work in future studies.
4.3 Limitation and future study

The present study analyzed the cases, incidence and intensity of cholera
in West Africa countries; however, it is unable to analyze the death rate of cholera cases
in those countries, or the ages, based on the dataset we used. Another factor is lack of
information on other factors that could be associated with cholera such as different level
of contaminations. Lastly, the patterns of occurrence and intensity differ among

countries. Further study is needed to explain why this is so.
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