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Background:
Malaria during pregnancy remains a major public health challenge in sub-Saharan Africa and is associated with maternal anemia, adverse fetal outcomes, and immune alterations. Changes in leukocyte distribution reflect host immune responses and may provide insight into immunohaematological patterns associated with malaria infection.
Objective:
To compare differential leukocyte profiles among malaria-infected pregnant women (MP+), malaria-uninfected pregnant women (MP−), and non-pregnant women (controls) in Owerri, Imo State, Nigeria.
Methods:
A comparative cross-sectional study was conducted among 150 participants comprising 50 malaria-infected pregnant women, 50 malaria-uninfected pregnant women, and 50 apparently healthy non-pregnant women recruited through convenience sampling from selected health facilities in Owerri. Malaria infection was confirmed using Giemsa-stained thick and thin blood film microscopy. Complete blood counts and differential leukocyte parameters were determined using an automated hematology analyzer. Statistical analyses were performed using analysis of variance (ANOVA) and independent t-tests, with p < 0.05 considered statistically significant.
Results:
Malaria-infected pregnant women exhibited significantly lower lymphocyte percentages (22.70 ± 8.65%) compared with controls (41.12 ± 9.28%, p < 0.001), while the difference between MP+ and MP− groups (25.02 ± 7.11%) was not statistically significant (p = 0.146). Neutrophil percentages were significantly higher in both MP+ (73.46 ± 11.09%) and MP− (74.24 ± 7.69%) groups compared with controls (58.14 ± 9.51%, p < 0.001). Eosinophil percentages were significantly elevated in MP+ participants (1.94 ± 1.41%) relative to MP− (0.26 ± 0.44%) and controls (0.34 ± 0.48%) (p < 0.001). Monocyte and basophil levels showed no significant differences across groups.
Conclusion:
Malaria infection during pregnancy is associated with alterations in leukocyte distribution, particularly reduced lymphocyte and elevated eosinophil levels, while pregnancy itself appears associated with increased neutrophil proportions. These findings suggest that leukocyte profiles may reflect immunological responses to malaria infection in pregnancy. However, interpretation should be cautious due to the cross-sectional design, convenience sampling, and absence of formal sample size calculation, which may limit causal inference and generalizability.
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Introduction
Malaria remains one of the most significant public health challenges in sub-Saharan Africa, accounting for substantial morbidity and mortality, particularly among vulnerable populations such as pregnant women and young children. According to the World Health Organization, Nigeria bears a disproportionately high burden of global malaria cases and deaths, contributing significantly to the overall disease burden in Africa. Pregnancy increases susceptibility to malaria infection due to physiological, hormonal, and immunological changes that occur during gestation. These changes can alter maternal immune responses, making pregnant women more vulnerable to Plasmodium falciparum infection and its associated complications. Malaria in pregnancy has been linked to several adverse maternal and fetal outcomes, including maternal anemia, placental malaria, intrauterine growth restriction, preterm delivery, low birth weight, and increased perinatal mortality [1-2]. The interaction between malaria infection and the maternal immune system is complex and involves significant immunological and haematological alterations. Pregnancy is characterized by a finely regulated immunological balance that supports fetal tolerance while maintaining adequate protection against pathogens. This immunomodulatory state often results in alterations in both innate and adaptive immune responses. Malaria infection can disrupt this delicate balance, leading to changes in circulating immune cells and inflammatory mediators. One important manifestation of this interaction is the alteration in leukocyte distribution, which reflects the host immune response to infection [3].
Leukocytes play a central role in host defense against malaria parasites. Neutrophils, lymphocytes, monocytes, eosinophils, and basophils contribute to various immune mechanisms involved in parasite recognition, phagocytosis, antigen presentation, and cytokine production. During malaria infection, immune activation often results in shifts in leukocyte populations. For instance, neutrophilia has been associated with acute inflammatory responses and enhanced phagocytic activity, while lymphocyte redistribution may reflect immune suppression or migration of lymphocytes to lymphoid tissues and sites of infection. Monocytes are involved in parasite clearance through phagocytosis and cytokine secretion, whereas eosinophils may participate in immune regulation and parasite-associated inflammatory responses. These leukocyte alterations provide important immunohaematological signatures that may help explain the pathophysiology of malaria in pregnancy [4-5]. Several studies have reported haematological abnormalities in malaria-infected individuals, including anemia, thrombocytopenia, and changes in leukocyte counts. However, the patterns of differential leukocyte distribution in malaria-infected pregnant women remain inconsistently reported across different populations. Some investigations have demonstrated increased neutrophil counts and reduced lymphocyte levels in malaria infection, reflecting an inflammatory response and possible immune modulation. Others have suggested that pregnancy itself may influence leukocyte profiles independent of malaria infection. Therefore, comparative evaluation of leukocyte distribution among malaria-infected pregnant women, uninfected pregnant women, and non-pregnant women may provide valuable insight into the combined effects of malaria infection and pregnancy on the immune system [6-7].
In malaria-endemic regions such as southeastern Nigeria, pregnant women are frequently exposed to repeated malaria infections. Despite widespread implementation of preventive strategies such as insecticide-treated bed nets and intermittent preventive treatment during pregnancy, malaria continues to contribute significantly to maternal and neonatal morbidity. Understanding the immunohaematological changes associated with malaria infection in pregnancy is essential for improving diagnostic evaluation, clinical monitoring, and disease management. Differential leukocyte counts are inexpensive, readily available laboratory parameters that can be performed in most healthcare settings, including resource-limited environments. Consequently, evaluating leukocyte distribution patterns may provide a practical approach to understanding immune responses to malaria infection in pregnancy [8-9].
Owerri, the capital city of Imo State in southeastern Nigeria, is located in a malaria-endemic region where transmission occurs throughout the year due to favorable climatic conditions for mosquito breeding. Pregnant women attending antenatal clinics in this region remain at considerable risk of malaria infection despite preventive interventions. However, there is limited data on the immunohaematological responses associated with malaria infection among pregnant women in this locality, particularly with respect to differential leukocyte distribution [9]. Therefore, this study was designed to investigate the immunohaematological signatures of malaria in pregnancy by comparing differential leukocyte percentages among malaria-infected pregnant women, pregnant women without malaria, and non-pregnant women in Owerri, Imo State, Nigeria. By examining variations in leukocyte distribution among these groups, the study aims to contribute to a better understanding of the immune response to malaria infection during pregnancy and provide baseline data that may support improved clinical evaluation and management of malaria in pregnant women in malaria-endemic settings.
Research Methodology
Study Design
This study adopted a comparative cross-sectional research design to evaluate the immunohaematological signatures of malaria infection by assessing differential leukocyte distribution among malaria-infected pregnant women, pregnant women without malaria, and non-pregnant women. The design enabled the comparison of leukocyte percentage patterns across the three study groups in order to determine the immunological alterations associated with malaria infection during pregnancy.
Study Area
The study was conducted in Owerri, the capital city of Imo State in southeastern Nigeria, a region characterized by perennial malaria transmission due to its tropical climate, high rainfall, and favorable environmental conditions for the breeding of Anopheles mosquitoes. Owerri has several public and private health facilities that provide antenatal care services to pregnant women within the metropolis and surrounding communities. The presence of endemic malaria in the area makes it suitable for investigating the immunohaematological effects of malaria infection among pregnant women.
Study Population
The study population consisted of pregnant women attending antenatal clinics and apparently healthy non-pregnant women residing in Owerri. Participants were recruited from selected healthcare facilities and the surrounding community. The study population was categorized into three groups:
1. Malaria-infected pregnant women (MP+)
2. Pregnant women without malaria infection (MP−)
3. Apparently healthy non-pregnant women (control group)
Sample Size and Sampling Technique
A total of 150 participants were enrolled in the study, comprising 50 malaria-infected pregnant women, 50 pregnant women without malaria, and 50 non-pregnant women serving as controls. Participants were recruited using a convenience sampling technique, based on eligibility criteria and willingness to participate in the study. Equal numbers were selected for each group to allow for effective statistical comparison.
Inclusion Criteria
Participants were included in the study if they met the following criteria:
· Pregnant women confirmed by clinical assessment and attending antenatal clinics (for MP+ and MP− groups).
· Pregnant women who tested positive for malaria parasites by laboratory examination (for MP+ group).
· Pregnant women who tested negative for malaria parasites (for MP− group).
· Apparently healthy non-pregnant women residing in the study area (control group).
· Individuals who gave informed consent to participate in the study.
Exclusion Criteria
Participants were excluded if they:
· Had a history of chronic illness or hematological disorders.
· Were undergoing treatment for malaria or other infections at the time of recruitment.
· Had recent blood transfusion.
· Declined to provide informed consent.
Sample Collection
Approximately 3 mL of venous blood was collected aseptically from each participant using sterile disposable syringes and transferred into ethylene diamine tetra-acetic acid (EDTA) anticoagulant tubes for haematological analysis. Standard phlebotomy procedures were followed to ensure sample integrity and minimize contamination. The collected samples were gently mixed to prevent clotting and transported immediately to the laboratory for analysis.
Laboratory Analysis
Malaria Parasite Detection
Malaria diagnosis was carried out using microscopic examination of thick and thin blood smears stained with Giemsa stain. Thick blood films were used for parasite detection, while thin films were used for species identification. The stained slides were examined under a light microscope using oil immersion (×100 objective) by experienced laboratory personnel. Participants with detectable malaria parasites were classified as malaria-positive, while those without parasites were considered malaria-negative.
Differential Leukocyte Count
Differential leukocyte percentages were determined using an automated haematology analyzer, which provided quantitative measurements of leukocyte subpopulations including neutrophils, lymphocytes, monocytes, eosinophils, and basophils. The analyzer was calibrated according to the manufacturer’s instructions prior to sample analysis to ensure accuracy and reliability of results.
Data Analysis
Data obtained from the laboratory analyses were entered into Statistical Package for the Social Sciences (SPSS) version 25.0 for statistical analysis. Descriptive statistics including mean and standard deviation (Mean ± SD) were used to summarize the leukocyte percentages for each group. Comparisons among the three study groups were performed using one-way Analysis of Variance (ANOVA) to determine overall differences in leukocyte parameters. Where significant differences were observed, independent Student’s t-tests were used for pairwise comparisons between groups (MP+ vs MP−, MP+ vs Control, and MP− vs Control). A p-value less than 0.05 (p < 0.05) was considered statistically significant.
Study Limitations
Several limitations should be considered when interpreting the findings of this study. First, the cross-sectional study design limits the ability to establish temporal or causal relationships between malaria infection and alterations in leukocyte profiles. The observed associations therefore represent only a snapshot of immunohaematological patterns at the time of sampling. Second, convenience sampling was used to recruit participants from antenatal clinics and the control population. This non-probability sampling approach may introduce selection bias and reduce the generalizability of the findings to the broader population of pregnant women in the region. Third, the study did not employ a formal sample size calculation prior to participant recruitment. Although a total of 150 participants were included, the adequacy of this sample size for detecting smaller effect sizes cannot be fully guaranteed. Fourth, potential confounding variables such as gestational age, parity, nutritional status, presence of other infections, and medication use were not fully controlled in the analysis. These factors may influence leukocyte distribution and could partially affect the observed differences among the study groups. Fifth, the study primarily reported differential leukocyte percentages, which may not fully reflect the clinical relevance compared to absolute leukocyte counts that are often used in clinical decision-making. Finally, the study focused on routine hematological indices without incorporating additional immunological markers, such as cytokine profiles or inflammatory biomarkers, which could provide deeper insights into the immunological mechanisms associated with malaria infection during pregnancy.
Results
The comparison of leukocyte percentages among malaria-infected pregnant women (MP+), pregnant women without malaria (MP−), and non-pregnant controls is presented in Tables 1 and 2. As shown in Table 2, the mean lymphocyte percentage differed significantly among the three study groups (F = 71.37, p < 0.001). The control group recorded the highest lymphocyte level (41.12 ± 9.28), whereas lower values were observed in MP− (25.02 ± 7.11) and MP+ women (22.70 ± 8.65). Pairwise comparisons using Student’s t-test (Table 1) indicated that the difference between MP+ and MP− groups was not statistically significant (t = −1.46, p = 0.146). However, lymphocyte percentages were significantly lower in both MP+ and MP− groups compared with the control group (MP+ vs Control: t = −10.27, p < 0.001; MP− vs Control: t = −9.74, p < 0.001). For monocytes, the mean values were relatively similar across the groups: 0.68 ± 0.79 in MP+, 0.62 ± 0.73 in MP−, and 0.54 ± 0.54 in controls. Analysis of variance showed no statistically significant difference among the groups (F = 0.51, p = 0.601). Similarly, pairwise comparisons revealed no significant differences between MP+ and MP− (t = 0.39, p = 0.694), MP+ and control (t = 1.03, p = 0.306), or MP− and control groups (t = 0.62, p = 0.534). Neutrophil percentages demonstrated a significant variation among the groups (F = 45.38, p < 0.001). Both MP+ (73.46 ± 11.09) and MP− (74.24 ± 7.69) groups showed markedly higher neutrophil levels compared with the control group (58.14 ± 9.51). Pairwise t-test analysis confirmed significant differences between MP+ and control (t = 7.42, p < 0.001) as well as between MP− and control (t = 9.31, p < 0.001). However, the difference between MP+ and MP− groups was not statistically significant (t = −0.41, p = 0.684). Eosinophil percentages also differed significantly among the groups (F = 56.10, p < 0.001). Malaria-infected pregnant women had the highest eosinophil levels (1.94 ± 1.41), while much lower values were observed in MP− (0.26 ± 0.44) and control subjects (0.34 ± 0.48). Pairwise comparisons revealed significant differences between MP+ and MP− groups (t = 8.06, p < 0.001) and between MP+ and controls (t = 7.62, p < 0.001). However, the difference between MP− and control groups was not statistically significant (t = −0.87, p = 0.388). Basophil percentages were uniformly zero across all study participants in the three groups, indicating no observable variation; therefore, statistical comparison was not applicable.

Table 1: Comparison of Leukocyte Percentages among Malaria Infected Pregnant women, Pregnant women without Malaria and Non-Pregnant Women
	Parameter
	Comparison
	t-value
	p-value
	Interpretation

	Lymphocytes
	MP+ vs MP−
	-1.46
	0.146
	Not significant

	
	MP+ vs Control
	-10.27
	<0.001*
	Significant

	
	MP− vs Control
	-9.74
	<0.001*
	Significant

	Monocytes
	MP+ vs MP−
	0.39
	0.694
	Not significant

	
	MP+ vs Control
	1.03
	0.306
	Not significant

	
	MP− vs Control
	0.62
	0.534
	Not significant

	Neutrophils
	MP+ vs MP−
	-0.41
	0.684
	Not significant

	
	MP+ vs Control
	7.42
	<0.001*
	Significant

	
	MP− vs Control
	9.31
	<0.001*
	Significant

	Eosinophils
	MP+ vs MP−
	8.06
	<0.001*
	Significant

	
	MP+ vs Control
	7.62
	<0.001*
	Significant

	
	MP− vs Control
	-0.87
	0.388
	Not significant


*Significant at p < 0.05

Table 2: Descriptive Statistics of Differential Leukocyte Percentages among Study Groups
	Parameter
	MP+ (n=50)
	MP− (n=50)
	Control (n=50)
	F-value
	p-value

	Lymphocytes (%)
	22.70 ± 8.65
	25.02 ± 7.11
	41.12 ± 9.28
	71.37
	<0.001*

	Monocytes (%)
	0.68 ± 0.79
	0.62 ± 0.73
	0.54 ± 0.54
	0.51
	0.601

	Neutrophils (%)
	73.46 ± 11.09
	74.24 ± 7.69
	58.14 ± 9.51
	45.38
	<0.001*

	Eosinophils (%)
	1.94 ± 1.41
	0.26 ± 0.44
	0.34 ± 0.48
	56.10
	<0.001*

	Basophils (%)
	0.00 ± 0.00
	0.00 ± 0.00
	0.00 ± 0.00
	–
	–


*Significant at p < 0.05
MP+ = Malaria-infected pregnant women
MP− = Pregnant women without malaria
Discussion
This study explored the immunohaematological patterns of malaria in pregnancy by comparing leukocyte distribution among malaria-infected pregnant women, uninfected pregnant women, and non-pregnant women. The findings demonstrate that malaria infection and pregnancy independently and interactively influence leukocyte profiles, providing insight into host immune adaptation during gestation and infection. Lymphocyte percentages were markedly reduced in malaria-infected pregnant women compared to non-pregnant controls, while the difference between infected and uninfected pregnant women was not statistically significant. This indicates that pregnancy alone contributes to a relative lymphopenia, likely reflecting physiological immune modulation to maintain fetal tolerance. Malaria infection may further exacerbate this effect through lymphocyte redistribution or suppression, compromising adaptive immune responses and increasing vulnerability to complications [10-11]. Neutrophil levels were elevated in both malaria-infected and uninfected pregnant women relative to non-pregnant controls, suggesting that pregnancy induces a robust neutrophilic response as part of innate immune adaptation. The lack of significant difference between infected and uninfected pregnant women implies that malaria does not substantially alter this physiological neutrophilia, although functional changes in neutrophils during infection may still occur [12-13].
Eosinophil percentages were significantly higher in malaria-infected pregnant women than in both uninfected pregnant women and non-pregnant controls. This elevation highlights a malaria-driven eosinophilic response, reflecting systemic inflammation and immune activation triggered by the parasite. In contrast, monocyte and basophil percentages were largely unchanged across the groups, indicating that these cell types are less sensitive to either pregnancy or malaria infection in this population [14]. These findings reveal a distinct immunohaematological signature of malaria in pregnancy: reduced lymphocytes, elevated eosinophils, and pregnancy-associated neutrophilia. These changes underscore the complex interplay between gestational immune modulation and infection-induced immune responses. Differential leukocyte profiling, therefore, represents a practical, non-invasive approach for monitoring malaria-related immune changes in pregnant women, which could improve early detection and guide interventions to reduce maternal and fetal complications in endemic regions [15].
Conclusion
Malaria infection during pregnancy induces distinct immunohaematological changes characterized by reduced lymphocyte percentages and elevated eosinophil counts, while pregnancy itself is associated with neutrophilia. Monocyte and basophil levels appear largely unaffected by either condition. These differential leukocyte patterns reflect the combined effects of malaria infection and gestational immune modulation and may serve as potential immunohaematological markers for early detection, monitoring, and risk stratification of malaria in pregnant women. Incorporating routine leukocyte profiling into antenatal care in endemic regions could enhance timely diagnosis and guide interventions to reduce maternal and fetal complications associated with malaria.
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