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ABSTRACT
This study examines the prevalence patterns and contributing factors of typhoid fever and malaria in
pregnant women and children at Kebbi State General Hospital between 2021 and 2024. Using descriptive
statistics, monthly trend analysis, and inferential assessments, the study finds that typhoid fever had a
more stable distribution throughout the year, whereas malaria prevalence peaked during the rainy season
(May to September). The data also showed strong correlations between disease prevalence and
socioeconomic status, environmental conditions, nutritional status, and HIV infection, with people from
low-income households with poor sanitation and those with weakened immune or nutritional status being
disproportionately affected. Improvements in sanitation, nutritional assistance, improved vector control,
and focused awareness campaigns for vulnerable groups are among the recommendations.
Keywords: Epidemiological Analysis; Malaria and Typhoid Fever; Pregnant Women; Children.

1. INTRODUCTION

Humans can contract malaria by being bitten by a female Anopheles mosquito carrying the Plasmodium
parasite. Humans can contract Plasmodium from five different species: P. falciparum, P. ovale, P.
malariae, P. vivax, and P. knowlesi. According to Akinwusi et al. (2013), P. falciparum is the most
virulent of them and poses a serious risk to about 40% of the world's population, with pregnant women
and young children being particularly at risk. 50% of pregnant women may have malaria parasites in their
placenta without showing any symptoms, according to estimates. 11% of all maternal fatalities and 20%
of stillbirths have been attributed to this condition (Ubandoma et al., 2017). For both expectant mothers
and newborns, malaria infection continues to be a major health risk. According to Essa et al. (2019), 20%
of pregnant women in sub-Saharan Africa who visit prenatal care facilities have malaria, specifically
Plasmodium falciparum.

Malaria has a serious effect on expectant mothers, resulting in issues such low birth weight, intrauterine
development restriction, placental anomalies, maternal anemia, spontaneous miscarriage, and infant
mortality and morbidity. Additional hazards include miscarriage, premature delivery, and threatened
abortion, all of which have serious public health repercussions for the mother and the unborn child (Steele
et al., 2016). Many pregnant women who contract malaria in areas where the disease is endemic do not
exhibit any symptoms. According to Martinez-Perz et al. (2018), immunity developed via repeated
exposure is responsible for this asymptomatic presentation, which helps delay the start of clinical malaria.
Nonetheless, subclinical infections continue to provide significant dangers to the health of the mother and
fetus even in the absence of symptoms. Maternal anemia is the main consequence of a malaria infection
during pregnancy, which is caused by the parasite's presence in the placenta. According to Berry et al.
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(2018), in extreme circumstances, this illness may cause maternal death and contribute to low birth
weight (LBW) in the babies. Salmonella typhi, the causative agent of typhoid fever, is still a major
worldwide health concern, especially in poorer countries where contaminated food intake, poor personal
hygiene, and inadequate sanitation are common (Alnwich, 2010). Constant fever, headaches, nausea,
appetite loss, and gastrointestinal problems including diarrhea or constipation are the hallmarks of this
enteric systemic infection, which is usually contracted by consuming tainted food or drink. Clinical
diagnosis is difficult because the symptoms are frequently nonspecific and mimic those of other feverish
conditions. However, in certain instances, the infection may result in serious side effects or even death.
Poor sanitation and a shortage of potable water are two main causes of the disease's spread. Pregnant
women who have both typhoid fever and malaria should be especially concerned because treatment
options may endanger the health of the fetus. Because of the possible side effects, treating the infections
becomes extremely sensitive and is frequently equated with not treating them at all. Because both the
mother and the fetus rely on a single supply of nutrients, pregnant women are more vulnerable to illness
because their immune systems are compromised (Bardaji et al., 2012). It is essential to have control
measures in place to protect pregnant women from typhoid fever and malaria. The safest methods to
lower the risk of co-infection between malaria and typhoid are still avoiding contaminated food, limiting
mosquito bites, and making sure that everyone has access to clean drinking water (Enyuma et al., 2014).
In tropical areas where malaria is predominant, co-infection between Salmonella species and Plasmodium
parasites is very prevalent. Typhoid fever and malaria are thought to invariably co-occur or to proceed
from malaria to typhoid fever due to the high antibody titers for Salmonella serotypes that are frequently
found in malaria patients (Williams et al., 2012). Because of this, some people treat both infections at the
same time based just on high Salmonella antibody titers, frequently without getting the right laboratory
confirmation for either illness (Ndezure et al., 2024). While Okolo et al. (2023) investigated the incidence
of malaria-typhoid co-infection among pregnant women attending prenatal clinics in Anyigba, Kogi State,
Nigeria, Ndezure et al. (2024) reviewed the link between typhoid fever, malaria, and their co-infection.
1.1 The Burden of Malaria and Typhoid Fever in Tropical Developing Countries: Epidemiology,
Impact, and Challenges

Among the most common infectious diseases in tropical developing countries like Ghana are typhoid
fever and malaria, which present serious public health issues (Mutua et al., 2015a). Five different species
of Plasmodium parasites Plasmodium falciparum, P. vivax, P. malariae, P. ovale, and P. knowlesi are
responsible for malaria (Talapko et al., 2019). The deadliest of these is P. falciparum, which causes
almost all malaria-related deaths, most of which take place in sub-Saharan Africa (Batire et al., 2022).
The main way the disease is spread is by the bite of an infected female Anopheles mosquito, which injects
protozoa into the bloodstream through its saliva. Following their migration, these parasites develop and
proliferate in the liver before reentering the bloodstream (Martens, 2000). Malaria was listed as endemic
in 91 nations and territories at the start of 2016, down from 108 in 2000. Malaria still has a catastrophic
effect on people all around the world, despite advancements in the fight against it. About 212 million
cases and 429,000 deaths occurred in 2015 alone, with the majority of these deaths occurring among
African children under the age of five (Shretta et al., 2017). In addition to causing widespread illness and
mortality, the disease slows economic growth by 1.3% annually, which hinders economic development. It
contributes to over 20% of childhood fatalities in Africa and disproportionately impacts vulnerable
groups, such as newborns and young children (WHO, 2023). Every year, more than a million people die
from malaria, and that figure might reach three million if indirect causes of death from other diseases are
taken into account. Around 216 million cases of malaria and 655,000 fatalities occurred in 2010,
according to the World Malaria Report (2011) (Birhanie et al., 2014). Children under five years old have
the highest mortality rates in endemic areas, with malaria directly responsible for over 25% of deaths
among this age group (Dasgupta, 2018).
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Malaria can cause congenital infections, miscarriages, low birth weight, and increased neonatal and infant
mortality, and pregnant women are particularly vulnerable to it. Malaria infections, whether acute or
chronic, can impair immunity and influence how the body reacts to vaccinations (Sachs & Malaney,
2002). Malaria usually causes fever, headaches, nausea, and exhaustion. Seizures, jaundice, coma, and
even death may result in extreme cases (Kéallander et al., 2004; Sohanang Nodem et al., 2023). Likewise,
typhoid fever continues to be a serious public health concern in tropical developing nations, especially in
regions with inadequate sanitation and clean water (Nas et al., 2018). With an incidence of more than 100
cases per 100,000 people annually, Salmonella infections are common in low- and middle-income
countries (Wilairatana et al., 2021). Salmonella Typhi is an oxidase-negative, Gram-negative bacterium
that causes typhoid fever, an acute systemic infection that is contracted through tainted food and water.
Typhoid fever is caused by Salmonella enterica serotype typhi (S. typhi) and Salmonella enterica
serotypes paratyphi A, B, and C, with S. typhi being the most common cause of infection (Crump, 2019).
In developing countries, the main factors driving the spread of typhoid fever are improper disposal of
human waste, lack of adequate toilet facilities, poor hand hygiene, and consumption of untreated water
(Bennett et al., 2018). Over time, the epidemiological trends of typhoid and related diseases in low-
income countries particularly those in Africa, Asia, and Latin America have changed (Paul &
Bandyopadhyay, 2017).

1.2 Challenges in the Diagnosis and Treatment of Typhoid Fever and Malaria Co-Infection: Public
Health Implications

Typhoid fever is thought to cause about 33 million infections and over 500,000 deaths per year (Phan et
al., 2000). The digestive system is home to Salmonella typhi and paratyphoid bacteria, which cause
invasive typhoid illnesses that can manifest in mild to severe ways. Furthermore, research suggest that
flies, specifically Musca domestica, may also be a vector of infection (Cirillo, 2006). A steadily
increasing fever that eventually reaches a persistently high level is the most characteristic sign of typhoid
fever. The disease is particularly common in areas with inadequate sanitation and erratic access to potable
water. However, the diagnosis and treatment of typhoid fever have become more difficult due to recent
advancements such antibiotic resistance and alterations in the presentation of the disease (Chowta &
Chowta, 2005). In addition to symptoms like nausea, cramping in the abdomen, and irregular bowel
movements, the infection's main clinical signs include a persistently high fever (Crump et al., 2015).
Malaria is traditionally diagnosed by microscopic examination of blood samples, although the diagnosis
is usually confirmed by laboratory analysis of blood, stool, or bone marrow samples (Cao et al., 2021).
There are several difficulties in treating both typhoid fever and malaria, especially when it comes to
differentiating between actual co-infection and false-positive test findings and misdiagnoses brought on
by overlapping symptoms. Inappropriate treatment approaches are frequently the result of these
diagnostic uncertainty (Mutua et al., 2015b). A major public health concern is the co-occurrence of
typhoid fever and malaria, particularly in tropical and subtropical areas where both illnesses are common.
Since typhoid fever and malaria share many symptoms, people living in endemic areas may get both
infections at the same time. As a result, patients with febrile illnesses are frequently misdiagnosed and
treated incorrectly due to the similar clinical presentations of the two diseases (Birhanie et al., 2014;
Tanko Rufai et al., 2022). However, this approach has significant public health implications because
excessive use of antibiotics and antimalarial drugs contributes to antimicrobial resistance, unnecessary
medical costs, and potential adverse drug reactions (Tanko Rufai et al., 2022).

This paper gives a complete mathematical and statistical analysis of malaria and typhoid fever frequency
specifically among pregnant women and children at Kebbi State selected Hospitals between 2021 and
2024. Unlike prior research, it incorporates descriptive statistics, seasonal trend analysis, and
environmental/socioeconomic impact assessments to present a multi-dimensional view of illness burden
in a vulnerable population. One of the few regional studies to use such a comprehensive epidemiological
lens, the study identifies a unique correlation between disease trends and HIV status and nutritional status.
This current dataset aids in the prioritization of resources and the creation of policies for health
interventions in Northern Nigeria.
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1.3 Objectives of the study
The aim of the study is to analyze the prevalence trends and influencing factors of malaria and typhoid
fever among pregnant women and children in Kebbi State from 2021 to 2024 using mathematical and
statistical methods. With the following objectives
i. To examine the descriptive statistics and seasonal trends of malaria and typhoid fever prevalence
between 2021 and 2024.
ii. To evaluate the relationship between disease prevalence and socioeconomic, environmental,
nutritional, and HIV status.
iii. To model and interpret the impact of environmental and socioeconomic factors on the variation in
disease prevalence over time.
2. Method of Data Analysis:
The data analysis in this study employed a combination of descriptive and inferential statistical
techniques. Descriptive statistics were used to summarize the overall distribution and variability of
disease prevalence across the study period. Monthly trend analysis, using time series data, was conducted
to observe seasonal fluctuations and peak periods of infection. Cross-tabulation was applied to examine
the relationship between disease prevalence and socioeconomic status, identifying disparities across
different income levels. Additionally, graphical analysis was used to visualize the influence of
environmental and health-related variables such as sanitation, nutrition, and HIV status on disease
patterns. Where applicable, inferential statistical methods, including regression analysis, were utilized to
establish potential causal relationships and determine the significance of observed associations.

3. RESULTS AND DISCUSSION

This section presents the results of the data analysis based on the objectives and hypotheses outlined in
the study. It includes descriptive statistics, trend analysis, and inferential statistics to interpret the findings
on malaria and typhoid fever prevalence among pregnant women and children in Kebbi State General
Hospital from 2021 to 2024.

3.1 Descriptive Statistics

Table 1: Descriptive Statistics of Malaria and Typhoid Prevalence (2021-2024)

Variable Count  Mean Std Dev Min (%) Max (%)
%

Malaria Prevalence 48 9.71 2.73 5.1 14.9

Typhoid Fever Prevalence 48 6.51 1.89 3.1 10

From Table 1, the average mean prevalence of malaria from January 2021 to December 2024 was 9.71%
with the standard deviation of 2.73 and the minimum and maximum average case of 5.1 and 14.9
respectively while that of typhoid fever was 6.51% with the standard deviation of 1.89 and the minimum
and maximum average case of 3.1 and 10 respectively. Malaria showed higher variability, indicating
greater fluctuation over the study period of 2021 to 2024.
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3.2: Monthly Trend Analysis
Table 2: average monthly prevalence of malaria and typhoid fever over the 4-year period

Month Malaria  Prevalence Typhoid Fever
(%) Prevalence (%)
January 5.11 6.58
February 4.3 6.53
March 6.8 6.49
April 7.4 5.86
May 9.57 7.85
June 10.2 8.57
July 10.48 8.62
August 11.11 9.21
September 9.67 8.33
October 9.76 6.37
November 8.61 6.82
December 7.22 6.84

Monthly average number of cases from 2021-2024

25
2 20
w
=
O 15 _
S Typhoid Fever
g 10 Prevalence (%)
Z 5 Malaria Prevalence
(%)
0
P IS B> P S S S SO, S S S
ST I TS
<& COC'Q Ad. Qe‘

Figure 1: The average monthly prevalence of malaria and typhoid fever over the 4-year period.

The analysis reveals that malaria prevalence peaks during the rainy season (May to September),
correlating with increased mosquito breeding. Typhoid fever prevalence, however, shows a more uniform
distribution, with slight increases during periods of poor sanitation.

3.3 Relationship with Socioeconomic Status
Table 3: Association between Socioeconomic Status and Disease Prevalence

Socioeconomic Status Malaria Typhoid
Prevalence (%) Prevalence (%)

Low 54 62

Medium 33 21

High 13 17

Total 100 100

66



Bayaro etal. ..... Int. J. Innovative Healthcare Res. 13(2):62-70, 2025

Table 3 presents the relationship between socioeconomic status and disease prevalence. The result shows
that malaria prevalence was highest among individuals of low socioeconomic status, reflecting limited
access to preventive measures. Typhoid fever prevalence also showed a significant association with
socioeconomic factors, particularly in low-income households with poor sanitation.

3.4 Impact of Environmental Factors
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Figure 2: Prevalence by Environmental Conditions

Figure 2 shows that environmental factors such as sanitation and hygiene were analyzed. Poor sanitation
was significantly associated with higher prevalence rates of both malaria and typhoid fever. Improved
sanitation and waste management significantly reduced disease prevalence, emphasizing the importance
of environmental interventions.

3.5 Nutritional and HIV Status

The analysis of nutritional and HIV status revealed that malnourished individuals had higher prevalence
rates of both diseases. However, HIV-positive individuals exhibited higher susceptibility to both malaria
and typhoid fever.

4. DISCUSSION OF THE RESULTS

This section provided a detailed discussion of malaria and typhoid fever prevalence trends, highlighting
the influence of socioeconomic and environmental factors, and evaluating the effectiveness of
interventions. Malaria prevalence peaks during the rainy season (May to September). Typhoid fever is
relatively stable throughout the year, but it peaks slightly during months with historically poor sanitation
(June—September), suggesting a relationship with hygiene practices and water safety. The data shows a
disproportionately higher burden of both malaria (54%) and typhoid (62%), among people from low
socioeconomic backgrounds. This disparity is caused by poor access to health education, preventive tools
(like mosquito nets), clean water, and healthcare. Malaria's higher average prevalence (9.71%) compared
to typhoid fever (6.51%) indicates more fluctuation across the months and years, suggesting that malaria
prevalence is more susceptible to external conditions, likely seasonal or environmental. Disease
prevalence was positively correlated with poor sanitation and hygiene; households with better
environmental conditions had significantly fewer cases of typhoid and malaria, highlighting the role of
community sanitation and infrastructure in disease prevention; HIV-positive individuals and
malnourished individuals had significantly higher rates of both diseases; HIV-positive individuals are
more susceptible due to immunocompromised immune systems, and malnutrition impairs immune
systems, making affected individuals more vulnerable.
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5. Conclusion

This study shows a stable incidence of typhoid fever, a constant and concerning pattern of seasonal
increases in malaria, and a clear relationship between disease burden and immunological, dietary,
environmental, and socioeconomic factors. The findings highlight the necessity of focused public health
initiatives, particularly during high-risk seasons and in low-income areas. These include integrated
disease screening for HIV-positive people, sanitation initiatives, nutritional support programs, and the
widespread distribution of mosquito nets prior to the rainy season. In the end, a multisectoral, data-driven
strategy is necessary to lower the frequency of the disease and safeguard vulnerable populations in Kebbi
State, particularly children and pregnant women.

6. Recommendations

Based on the findings of this study, which highlight the significant roles of seasonal patterns,
environmental conditions, and socioeconomic disparities in the prevalence of malaria and typhoid fever, it
is imperative to Increase the distribution of insecticide-treated nets and implement indoor residual
spraying campaigns before the rainy season, especially in low-income neighborhoods. Develop and
maintain community-based water purification and waste disposal systems to reduce typhoid transmission.
Collaborate with local governments and NGOs to implement sustainable sanitation projects. Also conduct
health screenings for malnourishment and HIV during antenatal visits and community outreach programs.
Integrate malaria and typhoid awareness campaigns in maternal and child healthcare services. And
subsidize access to clean water, nutritional supplements, and essential medications for low-income
families. Implement educational campaigns on disease prevention in local languages. These strategies aim
to enhance public health outcomes by promoting early intervention, improving living conditions, and
strengthening healthcare systems in Kebbi State.

7. Contribution to Knowledge

This study contributes localized data to national health statistics by providing empirical evidence of
disease trends in a high-risk population (pregnant women and children) in Kebbi State. By simultaneously
analyzing socioeconomic, environmental, nutritional, and immunological factors, the study offers a
multifaceted approach to understanding disease vulnerability. The findings also provide crucial input for
the formulation of public health policies, specifically for targeted disease prevention programs, hospital
resource allocation, and rural health development in Nigeria.
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