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PREVALENCE OF NEONATAL MALARIA AND ASSOCIATED HEMATOLOGICAL DERANGEMENTS IN TERTIARY HOSPITALS IN NORTHEASTERN NIGERIA





.     
.
              . 
                     
	.
..


.

____________________________________________________________________________________________

*Corresponding author: Email: XYZ@ABC.COM
ABSTRACT 

	Neonatal malaria is an under-recognized condition in malaria-endemic regions, despite its potential contribution to neonatal morbidity. This study assessed the prevalence, parasitemia patterns, and hematological changes associated with malaria among neonates in Taraba State, Nigeria. A cross-sectional study was conducted among 1,500 neonates recruited from four tertiary health facilities: Federal Medical Centre Jalingo, Specialist Hospital Jalingo, First Referral Hospital Mutum-Biyu, and General Hospital Zing. Malaria diagnosis and parasitemia grading were performed using standard microscopy. Hematological parameters were analyzed using standard laboratory techniques. Statistical analysis was carried out using chi-square and t-test, with significance set at p < 0.05. The overall prevalence of neonatal malaria was 5.7% (85/1500), with significant variation across study sites (χ² = 8.119; p < 0.05). The highest prevalence was recorded at General Hospital Zing (8.0%) and the lowest at First Referral Hospital Mutum-Biyu (3.2%). There was no significant difference in infection rates between male (5.6%) and female (5.7%) neonates (χ² = 0.005; p > 0.05). Parasitemia analysis showed 5.2% low, 0.4% moderate, and 0.0% high parasitemia, with significant differences across locations (χ² = 20.657; p < 0.05). Infected neonates exhibited significantly elevated total white blood cell counts and differential counts, alongside reduced packed cell volume, lymphocytes, and platelet counts (p < 0.001). Neonatal malaria in Taraba State occurs at a moderate prevalence and is associated with significant hematological abnormalities. Routine screening and early diagnosis are recommended to improve neonatal outcomes.
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1. INTRODUCTION 

Malaria remains one of the most significant public health challenges globally, particularly in sub-Saharan Africa where transmission is intense and perennial. The disease is caused by protozoan parasites of the genus Plasmodium, transmitted through the bite of infected female Anopheles mosquitoes. Despite substantial global control efforts, malaria continues to contribute significantly to morbidity and mortality, especially among vulnerable populations such as pregnant women, infants, and neonates. According to the World Health Organization, malaria accounted for an estimated 249 million cases globally in 2022, with sub-Saharan Africa bearing the highest burden (World Health Organization, 2023).
Neonates represent a particularly vulnerable group due to their immature immune systems and dependence on maternal immunity (Haroon et al., 2021). Neonatal malaria, which includes both congenital malaria (transmitted from mother to child during pregnancy or delivery) and acquired malaria (contracted after birth), was historically considered rare. However, emerging evidence suggests that the condition is more common than previously thought in endemic regions. A systematic review by Danwang et al. (2020) reported variable prevalence rates of congenital malaria across sub-Saharan Africa, indicating that the disease is under-recognized and likely underreported. The epidemiology of neonatal malaria is closely linked to maternal malaria infection during pregnancy. Maternal parasitemia, placental malaria, and inadequate antenatal care significantly increase the risk of vertical transmission. Studies have shown that malaria in pregnancy is associated with adverse neonatal outcomes, including low birth weight, preterm delivery, and neonatal parasitemia (Desai et al., 2018; Rogerson et al., 2018). These findings stress the importance of effective malaria prevention strategies during pregnancy (Obeagu, & Obeagu, 2024).
[bookmark: _GoBack]Malaria infection is also associated with significant hematological alterations, which play a crucial role in disease pathogenesis and clinical outcomes. Common hematological changes include anemia, thrombocytopenia, and alterations in white blood cell counts (Mohan et al., 2016). Malaria-induced anemia results from hemolysis of infected red blood cells, destruction of uninfected erythrocytes, and impaired erythropoiesis (White, 2018). Similarly, thrombocytopenia is a well-recognized feature of malaria and may serve as a useful diagnostic indicator (Lathia & Joshi, 2019; Kotepui et al., 2020). In neonates, these hematological disturbances may be more pronounced due to physiological vulnerability. Previous studies have reported significant reductions in packed cell volume and platelet counts, alongside changes in leukocyte profiles among malaria-infected neonates (Maina et al., 2020; Ibanga et al., 2020). These alterations not only aid in diagnosis but also provide insight into disease severity.
Despite growing evidence, there is still limited data integrating prevalence, parasitemia patterns, and hematological profiles of neonatal malaria in northeastern Nigeria. Therefore, this study was designed to assess the prevalence of neonatal malaria, evaluate parasitemia patterns, and determine associated hematological changes among neonates in selected health facilities in Taraba State, Nigeria.
2. MATERIAL AND METHODS 

Study Area
This study was conducted in some selected tertiary and secondary health facilities located in Taraba State, Northeastern Nigeria. The facilities included Federal Medical Centre (FMC) Jalingo, Taraba State Specialist Hospital (TSSH) Jalingo, First Referral Hospital (FRH) Mutum-Biyu in Gassol Local Government Area, and General Hospital Zing in Zing Local Government Area. Taraba State lies within the tropical savannah region and experiences a distinct wet and dry season. Malaria transmission occurs throughout the year, with increased intensity during the rainy season due to favorable breeding conditions for Anopheles mosquitoes. The selected hospitals serve as major referral centers and provide maternal and neonatal healthcare services to a large population within the state.
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Figure 1: Map of Study Areas
Study Design
A hospital-based cross-sectional study design was employed to determine the prevalence, parasitemia patterns, and hematological alterations associated with neonatal malaria in the study areas.
Study Population
The study population comprised neonates (aged 0–28 days) who were presented to the selected health facilities during the study period. Both male and female neonates were included. The neonates were recruited from neonatal wards, postnatal clinics, and outpatient departments of the selected hospitals.
Inclusion Criteria
Neonates aged 0–28 days whose parents or guardians provided informed consent were included in the study. Both symptomatic and asymptomatic neonates were considered eligible for inclusion.
Exclusion Criteria
Neonates whose parents or guardians declined consent and those with incomplete clinical or laboratory data were excluded from the study.
Sample Size Determination
A total of 1,500 neonates were included in the study. The sample size was determined based on standard epidemiological methods for prevalence studies, considering an assumed prevalence rate, a confidence level of 95%, and an acceptable margin of error. The sample size was proportionately distributed across the four selected health facilities, with 375 neonates recruited from each facility.
Sampling Technique
A systematic random sampling technique was employed to recruit eligible neonates from each health facility. Neonates presenting during the study period were consecutively enrolled until the required sample size for each facility was achieved.
Data Collection
Data were collected using a structured data collection form. Information obtained included demographic characteristics (such as sex), clinical features, and laboratory findings. Each neonate was assigned a unique identification number to ensure confidentiality and proper tracking of samples.
Sample Collection
Approximately 2–3 mL of venous blood was collected aseptically from each neonate by trained laboratory personnel. The blood samples were divided into two portions: one part was placed in ethylenediaminetetraacetic acid (EDTA) bottles for hematological analysis, while the other portion was used for malaria parasite detection.
Laboratory Analysis
Detection of Malaria Parasites
Thick and thin blood smears were prepared for each sample following standard procedures. The smears were air-dried, fixed (for thin films), and stained using Giemsa stain. Microscopic examination was carried out under oil immersion (×100 objective lens) to detect the presence of Plasmodium parasites. Parasitemia levels were classified as low (+), moderate (++), and high (+++) based on parasite density observed per field.
Hematological Analysis
Hematological parameters were analyzed using an automated hematology analyzer. The parameters assessed included total white blood cell count (TWBC), packed cell volume (PCV), platelet count, and differential white blood cell counts (neutrophils, lymphocytes, monocytes, eosinophils, and basophils). Standard laboratory procedures and quality control measures were adhered to during analysis.
Data Analysis
Data obtained were entered and analyzed using Statistical Package for the Social Sciences (SPSS) software (version 27.0). Descriptive statistics such as frequencies, percentages, means, and standard deviations were used to summarize the data. The prevalence of neonatal malaria was expressed as a percentage. Inferential statistics were employed to determine associations between variables. The Chi-square (χ²) test was used to assess differences in malaria prevalence across study locations and gender. Independent sample t-tests were used to compare hematological parameters between parasitized and non-parasitized neonates. A p-value of less than 0.05 was considered statistically significant.
3. RESULTS

Table 1: Prevalence of Neonatal malaria in the Study Areas
	Study Area
	Neonatal Malaria

	
	No. Examined
	No. Infected (%)

	TSSH Jalingo
	375
	21 (5.6)

	FMC Jalingo
	375
	22 (5.9)

	FRH Mutumbiyu
	375
	12 (3.2)

	General Hospital Zing
	375
	30 (8.0)

	Total
	1500
	85 (5.7)


 ꭓ2= 8.119; p<0.05)
Table 2 presents data on the prevalence of neonatal malaria among male and female babies in the study areas. The prevalence of neonatal malaria is almost identical between male and female babies, with infection rates of 5.6% (49/870) and 5.7% (36/630), respectively. The chi-square test ꭓ2= 0.005) with a p-value greater than 0.05 indicates that there is no statistically significant difference in the prevalence of neonatal malaria between male and female babies. 
Table 2: Gender-related Prevalence of Neonatal malaria in the Study Areas 
	Baby’s Gender
	Neonatal Malaria

	
	No. Examined
	No. Infected (%)

	Male
	870
	49 (5.6)

	Female
	630
	36 (5.7)

	Total
	1500
	85 (5.7)


ꭓ2= 0.005; p>0.05)
Table 3 presents the prevalence of neonatal malaria parasitemia in four different study areas: TSSH Jalingo, FMC Jalingo, FRH Mutum-Biyu, and General Hospital Zing. The prevalence of neonatal malaria parasitemia varies across the different study areas. General Hospital Zing has the highest prevalence of low-level parasitemia (7.4%). Across all areas, 5.2% of neonates had low-level parasitemia, 0.4% had moderate-level parasitemia, and 0.0% had high-level parasitemia. The Chi-square test result ꭓ2= 20.657) with a p-value less than 0.05 indicates that there is a statistically significant difference in the prevalence of neonatal malaria parasitemia among the different study areas.
[bookmark: _Hlk168401801]Table 3: Prevalence of Neonatal malaria Parasitemia in the Study Areas 
	Study Area
	No. Examined
	Neonatal Malaria Parasitemia (%)

	
	
	+
	++
	+++

	TSSH Jalingo
	375
	17 (4.5)
	4 (1.1)
	0 (0.0)

	FMC Jalingo
	375
	22 (5.9)
	0 (0.0)
	0 (0.0

	FRH Mutum-Biyu
	375
	12 (3.2)
	0 (0.0)
	0 (0.0

	General Hospital Zing
	375
	28 (7.4)
	2 (0.5)
	0 (0.0)

	Total
	1500
	79 (5.2)
	6 (0.4)
	0 (0.0)


(ꭓ2 = 20.657; p<0.05)
Table 4 presents the hematological parameters of neonates infected with malaria compared to those who are not infected (non-parasitized). The table includes the mean values and standard deviations for each parameter. The TWBC is significantly higher in parasitized neonates (35.21 ± 4.068) compared to the non-parasitized neonates (17.74 ± 9.210), indicating an elevated immune response. The PCV is significantly lower in parasitized neonates (35.91 ± 6.282) compared to the non-parasitized neonates (46.92 ± 6.666), suggesting anemia. The percentage of neutrophils is significantly higher in parasitized neonates (56.67 ± 6.121) compared to the non-parasitized neonates (42.88 ± 5.082), indicating a response to infection. The percentage of lymphocytes is significantly lower in parasitized neonates (18.48 ± 4.492) compared to the non-parasitized neonates (34.34 ± 7.368), which may indicate a shift in immune response dynamics. The percentage of monocytes is significantly higher in parasitized neonates (8.33 ± 2.118) compared to the non-parasitized neonates (5.81 ± 1.375), suggesting increased monocyte activity related to infection. The percentage of eosinophils is significantly higher in parasitized neonates (4.27 ± 2.184) compared to the non-parasitized neonates (2.73 ± 0.830), which can be associated with parasitic infections. The percentage of basophils is significantly higher in parasitized neonates (1.24 ± 1.109) compared to the non-parasitized neonates (0.35 ± 0.479), possibly indicating a heightened allergic or inflammatory response. The platelet count is significantly lower in parasitized neonates (143.49 ± 59.806) compared to the non-parasitized neonates (306.84 ± 58.019).
Table 4: Hematological Parameters of Malaria Infected Neonates
	Haematological Parameters of Neonates
	Non-Parasitized
 (N=1415)
	Parasitized (N=85)
	t-test
	P-VALUE

	TWBC /L
	17.74 ± 9.210
	35.21 ± 4.068
	-17.389
	0.000

	Packed Cell Volume %
	46.92 ± 6.666
	35.91 ± 6.282
	14.838
	0.000

	Neutrophils %
	42.88 ± 5.082
	56.67 ± 6.121
	-23.979
	0.000

	Lymphocytes %
	34.34 ± 7.368
	18.48 ± 4.492
	19.623
	0.000

	Monocytes %
	5.81 ± 1.375
	8.33 ± 2.118
	-15.796
	0.000

	Eosinophils %
	2.73 ±0.830
	4.27 ± 2.184
	-14.411
	0.000

	Basophils %
	0.35 ± 0.479
	1.24 ± 1.109
	-14.781
	0.000

	Platelet (µ/L)
	306.84 ±58.019
	143.49 ± 59.806
	25.175
	0.000


4. DISCUSSION
The present study evaluated the prevalence, parasitemia patterns, and hematological alterations associated with neonatal malaria in selected health facilities in Taraba State, Nigeria. The overall prevalence of neonatal malaria observed in this study (5.7%) indicates that, although relatively moderate, neonatal malaria remains a significant clinical and public health concern in endemic regions. This finding is consistent with previous studies conducted in Nigeria and other parts of sub-Saharan Africa, which have reported low to moderate prevalence rates of congenital and neonatal malaria. For instance, studies by Ibanga I. B. and colleagues reported prevalence rates within a similar range among neonates in southern Nigeria, highlighting that neonatal malaria is not uncommon in endemic settings (Ibanga et al., 2020). Likewise, Danwang C. et al. (2020), in a systematic review and meta-analysis, reported variable prevalence across sub-Saharan Africa, emphasizing the influence of geographical and epidemiological factors on disease burden. The prevalence observed in the present study is, however, lower than findings from some hospital-based studies focusing on symptomatic neonates, where higher prevalence rates have been reported. This discrepancy may be attributed to differences in study design and population characteristics. Studies that recruit only febrile or clinically ill neonates tend to overestimate prevalence compared to those, like the present study, that include both symptomatic and asymptomatic individuals. Additionally, variations in diagnostic techniques contribute significantly to differences in reported prevalence. Microscopy, although considered the gold standard, may underestimate low-density parasitemia compared to more sensitive molecular methods such as polymerase chain reaction (PCR) (Okell et al., 2018). This suggests that the true burden of neonatal malaria may be higher than reported in microscopy-based studies.
The variation in prevalence across the study locations, with higher rates observed in General Hospital Zing, empasises the importance of local environmental and epidemiological factors in malaria transmission. Differences in vector density, climatic conditions, and access to malaria preventive interventions such as insecticide-treated nets and intermittent preventive treatment in pregnancy (IPTp) may account for this spatial heterogeneity. Similar regional variations have been reported in previous studies across Nigeria and sub-Saharan Africa (Danwang et al., 2020). Furthermore, maternal malaria infection during pregnancy remains a key determinant of neonatal malaria, as vertical transmission is strongly associated with maternal parasitemia and placental malaria (Desai et al., 2018; Rogerson et al., 2018). Therefore, differences in antenatal care utilization and malaria prevention strategies across the study areas may have contributed to the observed variation.
The present study found no statistically significant difference in malaria prevalence between male and female neonates, which is consistent with existing literature. Gender has not been widely recognized as a determinant of neonatal malaria, as susceptibility in this age group is primarily influenced by maternal and environmental factors rather than biological sex. Similar findings have been reported in studies conducted in Nigeria and other endemic regions, where no significant association between neonatal sex and malaria infection was observed (Ibeneme et al., 2021). This suggests that both male and female neonates are equally vulnerable to malaria infection in endemic settings.
Analysis of parasitemia levels revealed that the majority of infected neonates had low-density parasitemia, with very few cases of moderate and high parasitemia. This finding aligns with previous studies that have consistently reported low parasite densities in neonatal malaria. The predominance of low parasitemia has been attributed to the partial protective effect of maternal antibodies and the presence of fetal hemoglobin, which may inhibit parasite growth (Uneke, 2018). Additionally, submicroscopic infections are common in neonates and may go undetected with conventional microscopy (Okell et al., 2018). The low parasite density observed in this study may partly explain the relatively mild clinical presentation often associated with neonatal malaria. However, the presence of even low-level parasitemia is clinically significant, as it may progress to severe disease if not promptly diagnosed and treated.
The hematological findings of this study revealed significant alterations in malaria-infected neonates compared to non-infected neonates. Specifically, infected neonates exhibited significantly lower packed cell volume (PCV), indicative of anemia, alongside reduced platelet counts and altered white blood cell profiles. These findings are consistent with the well-documented hematological manifestations of malaria. Malaria-induced anemia is primarily caused by hemolysis of infected red blood cells, destruction of uninfected erythrocytes, and suppression of erythropoiesis (White, 2018). Similar reductions in hematocrit and hemoglobin levels have been widely reported in malaria-infected individuals, including neonates and children (Maina et al., 2020). Thrombocytopenia observed among parasitized neonates in this study is another important hematological feature of malaria. Previous studies have identified thrombocytopenia as a common and reliable indicator of malaria infection, particularly in endemic settings (Lathia & Joshi, 2019). The mechanisms underlying thrombocytopenia in malaria include immune-mediated platelet destruction, splenic sequestration, and direct interaction between parasites and platelets (Kotepui et al., 2020). The significant reduction in platelet count observed in this study supports these findings and highlights the potential of platelet indices as supportive diagnostic markers for neonatal malaria.
The study also demonstrated significantly elevated total white blood cell counts and increased neutrophil and monocyte percentages among infected neonates, indicating an active inflammatory and immune response to infection. This finding is consistent with some studies that have reported leukocytosis in malaria, reflecting host immune activation. However, it contrasts with other studies that have reported leukopenia, suggesting that hematological responses to malaria may vary depending on factors such as disease severity, host immunity, and presence of co-infections (Maina et al., 2020). The observed reduction in lymphocyte percentage among infected neonates in this study may indicate immune modulation or redistribution of lymphocytes during infection, a phenomenon that has been reported in malaria pathophysiology. Overall, the findings of this study are in agreement with existing literature, confirming that neonatal malaria is characterized by low to moderate prevalence, predominantly low parasitemia, and significant hematological alterations. However, some variations observed in hematological responses highlight the complexity of the disease and the influence of local epidemiological factors. The study reinforces the importance of routine screening for malaria in neonates in endemic regions, particularly in cases presenting with nonspecific symptoms such as anemia and thrombocytopenia, which may otherwise be misdiagnosed as neonatal sepsis.
5. CONCLUSION

This study has demonstrated that neonatal malaria remains a relevant public health concern in Taraba State, Nigeria, among the examined neonates. Although the prevalence observed is relatively moderate compared to some reports from highly endemic settings, it emphasizes the continued transmission of malaria within this vulnerable age group and the need for sustained control efforts. The variation in prevalence across the study locations further highlights the influence of local environmental and epidemiological factors on malaria transmission dynamics. Furthermore, this study established that malaria infection in neonates is associated with significant hematological alterations. These hematological derangements not only provide insight into the pathophysiology of neonatal malaria but also serve as important supportive markers for diagnosis and clinical management. Overall, the study highlights the need for increased clinical awareness of neonatal malaria, especially in endemic regions where its presentation may be mistaken for other neonatal conditions such as sepsis. Routine screening of neonates in high-risk settings, coupled with appropriate laboratory investigations, is essential for early detection and effective management. Strengthening malaria prevention strategies during pregnancy, improving diagnostic capacity, and integrating hematological assessment into neonatal care can significantly reduce the burden and complications associated with neonatal malaria.
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