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ABSTRACT 

	Introduction: Malaria and typhoid fever remain a major public health concern in sub-Saharan Africa, particularly among pregnant women where infection may lead to adverse maternal and fetal outcomes. 
Aim: This study assessed the prevalence of malaria, typhoid fever, and their co-infection among pregnant women attending antenatal care at Turai Yar’adua Maternal and Children Hospital (TYMCH), in Katsina, Nigeria. 
Study design: A cross-sectional study involving seventy pregnant women was conducted between June and July 2024. 
Methodology: Ethical approval was granted by Katsina State Health Research Ethics Committee, and informed consent was also obtained from all participants. Socio-Demographic and obstetric data was collected using a structured questionnaire administered to the study participants. Blood samples were collected and examined for Plasmodium parasites using Giemsa-stained thick blood smears. Typhoid fever was assessed using the Widal agglutination test. Data were analyzed using appropriate descriptive and inferential statistics. 
Results: The overall prevalence of malaria was 27.1%, typhoid fever was 87.1%, and malaria–typhoid co-infection was 29.0%. Significant trends in the prevalence of typhoid fever, malaria, and their co-infection across different demographic groups were found by the study. The highest incidences of malaria were found in primigravidae, pregnant women aged 26–35, and those in their second trimester. Malaria primarily afflicted rural women and housewives. Housewives and people living in rural areas were the most afflicted by typhoid fever, which was most common in women between the ages of 16 and 25, those in their second trimester, and primigravidae. Women between the ages of 36 and 45, primigravidae, and those in their first and second trimesters had the highest rates of co-infection; the incidence was higher among housewives and urban dwellers.  
Conclusion: Malaria, typhoid fever, and their co‑infection remain common among pregnant women attending antenatal care in Katsina. Routine screening, improved diagnostic approaches, and expanding access to insecticide-treated nets, clean water, and medical care are recommended to reduce the burden of these infections.
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1. INTRODUCTION 

Malaria and typhoid fever are two common infectious diseases that have a significant impact on public health in many impoverished countries, most notably Nigeria (Odikamnoro et al., 2018). The endemicity of these infectious diseases is especially noticeable in tropical and subtropical locations due to their overlapping geographic range (Olowolafe et al., 2024). While typhoid and malaria have historically been researched separately, there is evidence that they can present simultaneously in a patient, worsening symptoms, delaying recovery, and increasing the chance of death (Olowolafe et al., 2024).
With the bulk of malaria infections and fatalities occurring in sub-Saharan Africa, malaria remains a serious worldwide public health concern (Kolawole et al., 2023). The aetiology and clinical manifestations of malaria complicate diagnosis, treatment, and prevention, particularly in endemic regions (Diouf et al., 2024). Despite continuous mitigation efforts that include vector control, early diagnosis, and effective therapies, malaria remains a debilitating issue, causing over 600,000 deaths annually and hindering socioeconomic advancement in endemic places (Onyemaechi and Malann, 2020).  
In Africa, an estimated 13.3 million pregnant women have malaria (Kassie et al., 2024). Despite numerous attempts to control the disease, malaria continues to pose a major threat to public health. This is particularly true for vulnerable populations, such as expectant mothers, due to increased steroid levels and the formation of the placenta, they are also more susceptible to severe consequences due to their markedly compromised immune systems (Emmanuel et al., 2024: Alesci et al., 2022). Malaria has been connected to maternal anaemia, miscarriage, premature delivery, and low birth weight (Kassie et al., 2024; Kwizera et al., 2021). According to Chua et al. (2021), intrauterine growth retardation and premature delivery brought on by placental malaria infection result in an estimated 900,000 low birth weight deliveries in Sub-Saharan Africa each year. Malaria is also estimated to be responsible for 200,000 child deaths and 100,000 newborn deaths annually (Kelechi and Omuemu, 2022). 
Salmonella sp. usually causes typhoid fever, an intestine systemic infection, by consuming tainted food or drink (Qamar et al., 2022). It causes acute, possibly deadly feverish diseases and is one of the most prevalent bacterial infections worldwide (Neupane et al., 2021). The symptoms of the infection include headache, nausea, appetite loss, a prolonged fever, and constipation or diarrhoea on occasion (Munaza et al., 2021). However, infections can sometimes cause serious problems or even death (Adebisi et al., 2021). According to the most recent estimates, there are between 11 and 21 million typhoid infections and deaths globally each year (Zubair and Mohammad, 2020; Chaudhry et al., 2022; Okolo et al., 2023). In underdeveloped countries like Nigeria, where there is a high prevalence of contaminated food, filthy circumstances, and a lack of clean water supplies, typhoid fever remains a serious global public health concern (Tawfiq et al., 2024). 
Due to hormonal changes that impair immunity, pregnant women are more susceptible to food-borne illnesses, such as typhoid fever (Oladunjoye and Awani-Aguma, 2023). Preterm labour, foetal infection, spontaneous abortion, and maternal death are among the serious outcomes linked to typhoid fever during pregnancy (George et al., 2022). According to estimates, 80% of pregnant women in the northeastern part of Nigeria may experience foetal loss as a result of untreated typhoid cases (Hassan et al., 2024).
Co-infections with typhoid and malaria pose serious threats to public health, especially for pregnant women due to physiological changes that occur during pregnancy which depress the immune system and increase their susceptibility to infections (Zhao et al., 2020; Uzoka et al., 2021; Obulezi et al., 2023). Studies suggest that the simultaneous presence of these two infections not only complicates diagnosis and treatment but also poses severe health risks to both the mother and the fetus, including maternal anemia, low birth weight, preterm birth, spontaneous abortion, and even maternal and fetal death (Ndezure et al., 2024).

2. materials and methods 

Study Area
The study was carried out in Katsina local government area (LGA). Katsina LGA is the capital city and one of the 34 LGAs in Katsina State, Nigeria. With a total area of 142 square kilometres, situated between latitudes 12°59′20 N and longitudes 07°36′03 E. As of 2016, its population was estimated to be 429,400 (Viladomiu et al., 2017).  
Determination of Sample Size
The sample size was determined using Cochran’s formula for estimating sample size in prevalence (cross‑sectional) studies (Cochran, 1963). Using the formula, a sample size (n) of 70 pregnant women undergoing prenatal treatment at TYMCH between June and July 2024 were selected. 
Data collection
A pretested structured questionnaire was administered to each study participant to collect information on their Socio‑demographic and obstetric information. 
Sample Collection and Laboratory Assays
Sample Collection
Blood samples were collected from each consenting pregnant woman by a trained laboratory scientist using standard aseptic techniques. Approximately 3–5 mL of venous blood was drawn from the antecubital vein using a sterile disposable syringe. The blood samples were dispensed into ethylenediaminetetraacetic acid (EDTA) bottles for malaria parasite examination and into plain sterile bottles for serological analysis of typhoid fever. All samples were properly labeled with unique identification codes and processed promptly to prevent hemolysis and deterioration.
Laboratory Assay for Malaria Parasites
Malaria infection was determined using the microscopic examination of Giemsa-stained thick blood smears, following standard parasitological procedures. Thick blood films were prepared on clean, grease-free glass slides and allowed to air dry. The dried smears were stained with 10% Giemsa solution (pH 7.2) for 10 minutes, rinsed gently with buffered water, and air-dried.
The stained smears were examined under a light microscope using the ×100 oil immersion objective. A slide was considered positive when malaria parasites were detected after examining at least 100 high-power fields. Parasite identification was based on morphological characteristics of Plasmodium species. To ensure reliability, slides were examined by experienced laboratory personnel following routine quality control procedures.
Laboratory Assay for Typhoid Fever
Typhoid fever was assessed using the Widal slide agglutination test, which detects antibodies against Salmonella enterica serovar Typhi O (somatic) and H (flagellar) antigens. Serum was separated from clotted blood samples by centrifugation and tested according to the manufacturer’s instructions.
A drop of patient serum was mixed with standardized Salmonella antigen suspensions on a clean glass slide and gently rocked for visible agglutination. The presence of agglutination within the specified time was interpreted as a positive reaction. The Widal test was used as a screening tool, and results were interpreted with caution due to its known limitations, including cross-reactivity and reduced specificity in endemic areas.
Data Analysis
Data were analyzed using statistical software. Descriptive statistics were used to summarize variables, and Chi‑square test was used to assess associations, with statistical significance set at p < 0.05.

3. results and discussion

Demographic Characteristics of Study Participants
The age distribution of the responders comprised 26 to 35 years old, 23 (32.8%); 36 to 45 years old, 12 (17.1%); and over 45 years old, 6 (8.5%). The number of pregnancies, including the current one, were categorized as primigravidae, 40 (57.1%) and multigravidae, 30 (42.9%). First trimester: 17 (24.2%); second trimester: 41 (58.59%); and third trimester: 12 (17.1%) were the respondents' current gestation stages. The respondents' reported levels of education varied: 10 (142%) reported no formal education, 12 (17.1%) reported primary education, 25 (35.7%) reported secondary education, and 23 (32.8%) reported tertiary education. Urban residences made up 34 (48.6%) and rural residences made up 36 (51.4%). Housewives made up 51 (72.9%) of the occupational statuses included in the survey, followed by civil servants (10 (14.3%) and students (9 12.9%).
Prevalence of Malaria, Typhoid fever and their Co-infections
Figure 1 Present the overall prevalence of Malaria, Typhoid fever and Malaria-Typhoid co-infection among pregnant woman attending antenatal care at TYMCH. Typhoid fever was the most prevalent infection, affecting 87% of the study participants. Malaria infection was observed in 2701% of the pregnant woman, while 29% were concurrently infected with both Malaria and Typhoid fever.

[image: ]


Table 1 examines the prevalence of malaria, typhoid, and malaria-typhoid co-infection across age groups. The prevalence of malaria was lowest in pregnant women over 45 years old (10.5%), moderate in those aged 16 to 25 (26.3%), and highest in those aged 26 to 35 (42.1%). The prevalence of typhoid fever was lowest in women over 45 years old (9.8%), moderate in those between the ages of 26 and 35 (31.2%), and highest in pregnant women between the ages of 16 and 25 (39.3%). Pregnant women between the ages of 36 and 45 had the highest rate of malaria-typhoid co-infection (47.1%), followed by those between the ages of 26 and 35 (41.2%) and those over 45 years old (11.8%).


Table 1: Prevalence of malaria, typhoid fever, and malaria-typhoid co-infection across different age groups
	Age (years)
	No. Diagnosed
	No. of MP Positive  (%)
	No. of Widal Positive (%)
	No. of Malaria-Typhoid Co-infection (%)
	X2 value
	p-value

	16-25
	29
	5 (26.3)
	24 (39.3)
	4 (23.5)
	

9.006

	

0.7024


	26-35
	23
	8 (42.1)
	19 (31.2)
	7 (41.2)
	
	

	36-45
	12
	4 (21.1)
	12 (19.7)
	8 (47.1)
	
	

	Above 45
	6
	2 (10.5)
	6 (9.8)
	2 (11.8)
	
	

	Total
	70
	19 (27.1)
	61 ( 87.1)
	17 (24.3)
	
	


Chi Square = X2, Probability value = p-value, Confidence Level = 95%.

Analysis of Prevalence of malaria, typhoid, and malaria-typhoid co-infection based on gravidae is shown in Table 2. Primigravidae had the highest malaria prevalence (63.2%), whereas multigravidae had a moderate prevalence (36.8%). Primigravidae had the highest rate of typhoid fever (54.1%), whereas multigravidae had a moderate rate (45.9%). Likewise, the prevalence of malaria-typhoid co-infection was highest in primigravidae (58.8%) and low in multigravidae (41.2%).
Table 2: Prevalence of malaria, typhoid fever, and malaria-typhoid co-infection based on number of pregnancies

	Gravidae
	No. Diagnosed
	No. of MP Positive  (%)
	No. of Widal Positive (%)
	No. of Malaria-Typhoid Co-infection (%)
	X2 value
	p-value

	Primigravidae	
	40
	12 (63.2)
	33 (54.1)
	10 (58.8)
	
0.5259
	
0.9975


	Multigravidae
	30
	7 (36.8)
	28 (45.9)
	7 (41.2)
	
	

	Total
	70
	19 (27.1)
	61 (87.1)
	17 (24.3)
	
	


Chi Square = X2, Probability value = p-value, Confidence Level = 95%.

Table 3 Present data on prevalence of malaria, typhoid, and their co-infection across trimesters. The prevalence of malaria was highest in the second trimester (47.4%), lowest in the third trimester (15.8%), and moderate in the first trimester (36.8%). The prevalence of typhoid fever peaked in the second trimester (59.0%), moderated in the first (23.0%), and decreased in the third (18.0%). The prevalence of co-infection between malaria and typhoid fever was highest in the third trimester (17.6%), although it was equally high in the first and second trimesters (41.2%).
Table 3: Prevalence of malaria, typhoid fever, and malaria-typhoid co-infection across pregnancy trimesters

	Trimester
	No. Diagnosed
	No. of MP Positive  (%)
	No. of Widal Positive (%)
	No. of Malaria-Typhoid Co-infection (%)
	X2 value
	p-value

	1st
	17
	7 (36.8)
	14 (23.0)
	7 (41.2)
	
3.6638
	
0.9321

	2nd
	41
	9 (47.4)
	36 (59.0)
	7 (41.2)
	
	

	3rd
	12
	3 (15.8)
	11 (18.0)
	3 (17.6)
	
	

	Total
	70
	19 (27.1)
	61(87.1)
	17 (24.3)
	
	


Chi Square = X2, Probability value = p-value, Confidence Level = 95%


Table 4 shows the prevalence of malaria, typhoid, and malaria-typhoid co-infection based on socio-economic status. In terms of education, pregnant women with a secondary education had the highest prevalence of malaria (36.8%), followed by those with a higher degree (31.6%) and those with no formal education (15.8%). Pregnant women with secondary and higher education had the highest rates of malaria-typhoid co-infection (35.3%), moderate rates among those with primary education (17.6%), and the lowest rates among those without any formal education (11.8%). Regarding employment, housewives had the highest prevalence of malaria (73.7%), followed by civil servants (21.1%) and students (5.3%). Similar trends were observed for typhoid fever: it was lowest in civil servants (13.1%), moderate in students (14.8%), and highest in housewives (72.1%). Housewives had the highest risk of co-infection with malaria and typhoid disease (70.6%), followed by public servants (23.5%) and students (5.9%). In terms of place of residence, the prevalence of malaria was somewhat higher in rural regions (52.6%) than in urban areas (47.4%), while the prevalence of typhoid fever was somewhat higher in rural populations (52.5%) than in urban inhabitants (47.5%). The co-infection rate of typhoid and malaria was marginally higher in urban areas (52.9%) than in rural regions (47.1%).

Table 4: Prevalence of Malaria, Typhoid fever and Malaria-typhoid Co-infection based on socio-economic status

	Socio-economic Profile
	Status
	No. of Diagnosed
	No. of Positive for Malaria (%)
	No. of Positive for Typhoid (%)
	No. of Positive for Malaria-Typhoid Co-infection (%)
	X2 value
	p-value

	Education Level
	No Formal Education
	10
	3 (15.8)
	8 (13.1)
	2 (11.8)
	
0.2314
	
1.00

	
	Primary
	12
	3 (15.8)
	11 (18.0)
	3 (17.6)
	
	

	
	Secondary
	25
	7 (36.8)
	22 (36.1)
	6 (35.3)
	
	

	
	Tertiary
	23
	6 (31.6)
	20 (32.8)
	6 (35.3)
	
	

	
	Total
	70
	19 (27.1)
	61 (87.1)
	17 (24.3)
	
	

	
	
	

	Residence
	Urban
	34
	9 (47.4)
	29 (47.5)
	9 (52.9)
	
0.1666
	
0.9999

	
	Rural
	36
	10 (52.6)
	32 (52.5)
	8 (47.1)
	
	

	
	Total
	70
	19 (27.1)
	61 (87.1)
	17 (24.3)
	
	

	
	
	

	Occupation
	House wives
	51
	14 (73.7)
	44 (72.1)
	12 (70.6)
	
3.064
	
0.9617

	
	Civil servants
	10
	4 (21.1)
	8 (13.1)
	4 (23.5)
	
	

	
	Student
	9
	1 (5.3)
	9 (14.8)
	1 (5.9)
	
	

	
	Total
	70
	19 (27.1)
	61 (87.1)
	17 (24.3)
	
	


Chi Square = X2, Probability value = p-value, Confidence Level = 95%

4. DISCUSSION
The prevalence of malaria among pregnant women in this study was 27.1%, which is lower than values reported in several Nigerian studies, including Lagos (65.9%) (Omoya, 2017), Kogi State (40.0%) (Okolo et al., 2023), Southeast Nigeria (49.83%) (Johnbull et al., 2014), and Southern Nigeria (37.28%) (Omole et al., 2024). However, the prevalence remains comparable to findings from Lokoja (28.8%) (Mofolorunsho et al., 2013) and Central Nigeria (28.7%) (Mohammed et al., 2020), and higher than reports from Abuja (8.0%) (Pam et al., 2018) and North-Central Nigeria (22.0%) (Omatola and Okolo, 2021). These variations may reflect differences in ecological conditions, malaria control practices, and access to preventive healthcare services across regions (Agyemang-Badu et al., 2023).
Although age was not significantly associated with malaria infection, women aged 26–35 years recorded the highest prevalence. Similar age-related patterns have been reported elsewhere (Omoya, 2017; Orok et al., 2016; Okolo et al., 2023). The higher prevalence in this age group may be linked to increased outdoor exposure and occupational or domestic activities that heighten contact with mosquito vectors.
Gravidity was also not significantly associated with malaria infection; however, primigravidae had a higher prevalence compared to multigravidae. This observation aligns with reports by Omole et al. (2024) and Okoro et al. (2023) and is consistent with the established concept that primigravidae lack pregnancy-specific immunity to placental malaria, unlike multigravidae who develop partial immunity following repeated pregnancies (Cutts et al., 2020; Chua et al., 2021).
With respect to gestational age, malaria prevalence was highest in the second trimester, although the association was not statistically significant. This pattern agrees with findings from Omoya (2017) and Okolo et al. (2023). The second trimester coincides with maximal placental development and immune modulation, which may enhance susceptibility to Plasmodium falciparum infection (Damelang et al., 2021).
Socioeconomic variables showed no statistically significant associations with malaria infection. Nonetheless, higher prevalence was observed among women with secondary education, rural residents, and housewives. Similar trends have been reported by Mohammed et al. (2020) and Okolo et al. (2023). These findings may reflect differences in environmental exposure, sanitation, housing conditions, and utilization of malaria preventive measures in these groups.
The prevalence of typhoid fever in this study was notably high (87.1%), exceeding values reported in previous Nigerian studies (Omoya, 2017; Pam et al., 2018; Mohammed et al., 2020; Okolo et al., 2023). Although this study did not find statistically significant associations between typhoid fever and demographic or socioeconomic variables, higher prevalence was observed among women aged 16–25 years, primigravidae, those in the second trimester, housewives, and rural residents. Similar trimester- and occupation-related patterns have been reported in earlier studies (Omoya et al., 2017; Okolo et al., 2023). The increased burden in these groups may be linked to poor sanitation, unsafe water sources, and increased domestic exposure to contaminated food and water (Masuet-Aumatell and Atouguia, 2021).
Malaria–typhoid co-infection was detected in 24.3% of participants, a prevalence lower than reports from Lagos, Kogi State, and Abuja (Omoya, 2017; Mohammed et al., 2020; Okolo et al., 2023). Although no significant associations were observed, higher co-infection rates occurred among women aged 36–45 years, primigravidae, those in the first and second trimesters, housewives, and urban residents. Similar patterns have been documented in related studies (Okolo et al., 2023). The coexistence of malaria and typhoid may be biologically plausible, as malaria-induced hemolysis increases iron availability, which favors the growth of Salmonella species (Dao and Meydani, 2013; Van Santen et al., 2013).
Overall, the findings indicate that malaria, typhoid fever, and their co-infection remain prevalent among pregnant women attending antenatal care in TYMCH Katsina State, with variations across age, gravidity, trimester, and socioeconomic characteristics, despite the lack of statistically significant associations.

4. Conclusion

This study demonstrates that malaria, typhoid fever, and their co-infection remain prevalent among pregnant women attending antenatal care at TYMCH, Katsina State. Although the prevalence of malaria observed was lower than that reported in many previous Nigerian studies, typhoid fever and malaria-typhoid co-infection were common, indicating a continued public health burden in this population. Higher prevalence rates were observed among primigravidae, women in the second trimester, housewives, and residents of rural and urban settings, although no statistically significant associations were identified between infection status and the demographic or socioeconomic variables examined.
The persistence of these infections among pregnant women underscores the need for strengthened preventive strategies, including improved access to clean water, enhanced environmental sanitation, routine screening during antenatal visits, and sustained use of malaria preventive measures such as insecticide-treated nets. Integrating accurate diagnostic testing and targeted health education into antenatal care services will be critical in reducing the burden of malaria, typhoid fever, and their co-infection, thereby improving maternal and fetal health outcomes in Katsina State.
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Consent

Written informed consent was also obtained from each study participant. 

Ethical approval 

Ethical clearance was obtained from Katsina state Ministry of Health after approval by the Ministry’s Health Research Ethics Committee (HREC). The Chief Medical Director of the Turai Yar'adua Maternal and Children Hospital (TYMCH), gave his assent prior to the start of the study. Ethical considerations were applied throughout the study and have been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki 
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