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Haematologic and Haemostatic Alterations in HBsAg-Positive Pregnant Women in Edo State, Nigeria

Abstract
Introduction: Pregnancy-related hepatitis B virus (HBV) infection increases the likelihood of vertical transmission and causes maternal morbidity, making it a serious public health concern. Haematological and haemostatic problems associated with HBV infection are made worse by physiological changes that occur during pregnancy.
Aim/Objective: This study aimed to assess the alterations in full blood count (FBC) and selected haemostatic parameters in pregnant women with hepatitis B surface antigen (HBsAg) infection attending antenatal care in Edo State, Nigeria.
Method: 180 pregnant women (150 HBsAg positive and 30 controls) participated in a cross-sectional analytical study. Automated hematology analyzers were used to calculate FBC, measure hemostatic parameters such as fibrinogen, D-dimer, PT, and APTT, and confirm HBsAg status using ELISA. Descriptive and inferential statistics were used to analyze the data.
Results: HBsAg positive pregnant women had significantly reduced red blood cell counts, haemoglobin concentration, haematocrit, and platelet counts compared to controls (p < 0.05). They showed prolonged PT and APTT, with elevated fibrinogen and D-dimer levels (p < 0.05), indicating coagulopathy alongside anemia and thrombocytopenia. White blood cell counts were elevated with neutrophilia and lymphopenia. These hematological and haemostatic derangements correlated with HBsAg positivity and may increase maternal and fetal risks.
Conclusion: Pregnancy-related hematologic and hemostatic problems brought on by HBV infection make frequent screening, immunization, and prophylactic treatment essential in Edo State prenatal care.
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1.0 Introduction
Significant hematological and hemostatic changes that are necessary for both the mother's and the fetus's health are brought on by pregnancy. These changes include changes in coagulation factors, increased plasma volume, and increased red blood cell mass. Although essential for maintaining pregnancy, these alterations put women at risk for diseases like anemia, which affects around 38% of expectant mothers worldwide, especially in sub-Saharan Africa1 2. The main causes of the physiological anemia are mild thrombocytopenia, elevated procoagulant factors, and plasma expansion that exceeds red cell production. These conditions result in a hypercoagulable state that reduces hemorrhage during childbirth but increases the risk of thromboembolism 3 4.
To detect possible difficulties and guarantee the best possible outcomes for both the mother and the fetus, routine monitoring of the Full Blood Count (FBC) and evaluations of hemostatic parameters such as Prothrombin Time (PT) and Activated Partial Thromboplastin Time (APTT) are essential 5.
However, the presence of viral infections, particularly Hepatitis B Virus (HBV), further complicates this physiological balance. HBV infection can adversely influence hematological parameters and coagulation function, predisposing affected pregnant women to anemia, thrombocytopenia, and coagulopathy. In Nigeria, HBV remains a significant public health issue among pregnant women, with prevalence rates ranging from 2.19% to 9.5%, and as high as 7.5% in Benin City, Edo State 6 7. Beyond maternal health implications, HBV infection during pregnancy heightens the risk of vertical transmission, preterm birth, and low birth weight, emphasizing the importance of early detection and management during antenatal care8.
In Benin City, Edo State, the high burden of HBV infection coupled with limited integration of hematological, haemostatic, and HBV screening in antenatal services underscores a critical gap in maternal healthcare delivery. This gap is particularly concerning in a country like Nigeria, where the maternal mortality rate remains alarmingly high at 814 per 100,000 live births, driven largely by preventable conditions such as anemia and infections 9.
Despite the established physiological alterations of pregnancy and the known impact of HBV on hematologic and haemostatic profiles, there is a paucity of local data elucidating these interrelationships among pregnant women in Edo State. Understanding how HBV infection influences these parameters is crucial for improving maternal management, guiding clinical decisions, and informing policy interventions aimed at reducing HBV-related pregnancy complications. Therefore, this study aims to evaluate the haematologic and haemostatic alterations associated with HBV infection in pregnant women in Edo State, Nigeria.

Materials and Methods
2.1 Study Design and Setting
In Benin City, Edo State, Nigeria, a cross-sectional analytical study was carried out at the antenatal clinic of Edo Specialist Hospital, a major referral center in the area that offers comprehensive healthcare services to a diverse population that includes both urban and peri-urban residents. The hospital is staffed by highly qualified healthcare professionals who offer specialized services, such as obstetrics and gynecology, hematology, and infectious disease management. Because of this, the hospital is well-equipped to recruit a representative sample of pregnant women for the study, ensuring demographic diversity and clinical relevance to the larger Edo State population.
2.2 Study Population
The study population consisted of 180 pregnant women who were receiving antenatal care at the Edo Specialist Hospital; eligible participants were between the ages of 18 and 45, which is the typical range of reproductive age; 150 of the recruited women had a positive hepatitis B surface antigen (HBsAg) test, which indicated active HBV infection, and the remaining 30 were controls; the selection of participants was based on standardized inclusion and exclusion criteria to ensure sample validity and to control for potential confounding factors, such as ultrasound confirmation of pregnancy and consent to participate in the study. This sampling strategy allowed for robust comparisons of hematological and hemostatic parameters between pregnant women with and without HBV infection in the same clinical and geographic location.

2.3 Sample Size Determination
The sample size was calculated using the formula for prevalence studies:
A.) The sample size for hepatitis B virus will be determined using Cochran’s formula for estimating sample sizes in prevalence studies:
n = Z2 . p. (1 – p)
[image: wps1]           
      d2
Where: n = required sample size, Z = Z-score for a 95% confidence interval (1.96)
p = estimated prevalence of  hepatitis B virus , d = margin of error (set at 0.05)
Based on previous studies, the prevalence of hepatitis B virus was 10.9 % amongst subjects according to Talla et al. 10.
 Substituting these values: 
N  =  (1.96)2 x 0.109 x (1 – 0.109)
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        (0.05)2
 
N =           0.373
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	0.0025
 
N = 149.24 = 150 Subjects








2.4 Inclusion and Exclusion Criteria
2.4.1 Inclusion Criteria
· Pregnant women aged 18 to 45 years attending antenatal care at the study site.
· Pregnancy confirmed by ultrasound to ensure accurate gestational assessment.
· Willingness to participate in the study demonstrated by providing written informed consent after thorough explanation of the study objectives, procedures, risks, and benefits.
2.4.2 Exclusion Criteria
· Pregnant women with known chronic illnesses that could confound study outcomes, including chronic liver disease, diabetes mellitus, and other major systemic conditions.
· Confirmed HIV infection or other immunosuppressive disorders that affect hematological and immune parameters.
· History of bleeding disorders or current use of anticoagulant therapy, which could independently alter coagulation profiles and blood counts.
· Multiple gestations (twins or more) or severe obstetric complications such as abruptio placentae, pre-eclampsia, or eclampsia that could affect hematological and haemostatic status.
· Refusal or inability to provide written informed consent.









2.5 Materials and Equipment
Automated hematology analyzer (Sysmex KX-21N): Used for performing full blood count (FBC) analysis including red blood cell count, hemoglobin concentration, hematocrit, white blood cell count with differential, platelet count, and red cell indices.
· Semi-automated coagulometer (STA Compact): Utilized for measuring coagulation parameters such as Prothrombin Time (PT) and Activated Partial Thromboplastin Time (APTT).
· ELISA kits for HBsAg detection (Clinotech Diagnostics): Employed for the qualitative detection of hepatitis B surface antigen in participant serum samples.
· Sodium citrate tubes: Blood samples for coagulation testing were collected into sodium citrate anticoagulant tubes, ensuring proper blood-to-anticoagulant ratio for accurate coagulation assays.
· EDTA tubes: Blood samples for hematological analysis were collected into ethylenediaminetetraacetic acid (EDTA) tubes to prevent clotting and preserve cellular components.




2.7 Clinical Laboratory Investigations
2.7.1 Sample Collection and Analysis
Each participant had a venous blood sample (2–3 mL) aseptically taken. In order to determine complete blood count parameters, such as RBC count, hemoglobin concentration, hematocrit, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), white blood cell count with differential, platelet count, and platelet indices, samples for hematological analysis were drawn into EDTA tubes and analyzed right away using the Sysmex KX-21N automated hematology analyzer. Platelet-poor plasma from blood drawn in sodium citrate tubes was used to test coagulation profiles such as Prothrombin Time (PT), Activated Partial Thromboplastin Time (APTT), fibrinogen concentration, and D-dimer levels. The STA Compact semi-automated coagulometer was used to perform PT and APTT assays following manufacturer guidelines. HBsAg serostatus was determined through enzyme-linked immunosorbent assay (ELISA) using Clinotech Diagnostics kits, performed as per standard operating procedures to confirm infection status.

2.8 Statistical Analysis
Version 25 of the Statistical Package for Social Sciences (SPSS) was used to enter and analyze the data. Demographic and clinical features were summarized using descriptive statistics such as means, standard deviations, frequencies, and percentages. To compare the means and proportions between the HBsAg-positive and HBsAg-negative control groups, inferential statistical tests were performed using independent samples t-tests and chi-square testing. To assess the relationships between HBsAg status and hematological and hemostatic markers, Pearson correlation analysis was utilized. A p-value of less than 0.05 was considered statistically significant. Validation tests and double data entry were used to guarantee data integrity.







3.0 Results
3.1 Demographic and Clinical Characteristics
Table 1: Demographic and Clinical Characteristics of Study Participants 
	Characteristic
	HBsAg Positive (n = 150)
	Control (n = 30)
	Total (n = 180)

	Age (years)
	
	
	

	18–25
	20 (13.3%)
	4 (13.3%)
	24 (13.3%)

	26–33
	110 (73.3%)
	22 (73.3%)
	132 (73.3%)

	34–44
	20 (13.3%)
	4 (13.3%)
	24 (13.3%)

	Marital Status
	
	
	

	Married
	110 (73.3%)
	22 (73.3%)
	132 (73.3%)

	Single
	30 (20%)
	6 (20%)
	36 (20%)

	Divorced/Widowed
	10 (6.7%)
	2 (6.7%)
	12 (6.7%)

	Education Level
	
	
	

	Primary
	20 (13.3%)
	4 (13.3%)
	24 (13.3%)

	Secondary
	70 (46.7%)
	14 (46.7%)
	84 (46.7%)

	Tertiary
	55 (36.7%)
	11 (36.7%)
	66 (36.7%)

	None
	5 (3.3%)
	1 (3.3%)
	6 (3.3%)

	Gestational Age
	
	
	

	First trimester
	20 (13.3%)
	4 (13.3%)
	24 (13.3%)

	Second trimester
	100 (66.7%)
	20 (66.7%)
	120 (66.7%)

	Third trimester
	30 (20%)
	6 (20%)
	36 (20%)

	Previous Pregnancies
	
	
	

	Yes
	100 (66.7%)
	20 (66.7%)
	120 (66.7%)

	No
	50 (33.3%)
	10 (33.3%)
	60 (33.3%)

	Anemia Symptoms
	
	
	

	Yes
	50 (33.3%)
	10 (33.3%)
	60 (33.3%)

	No
	100 (66.7%)
	20 (66.7%)
	120 (66.7%)

	HBV Vaccination
	
	
	

	Yes
	40 (26.7%)
	8 (26.7%)
	48 (26.7%)

	No
	110 (73.3%)
	22 (73.3%)
	132 (73.3%)




Among 180 participants, the majority (73.3%) were aged 26-33 years, and most were married (73.3%). The majority were in their second trimester (66.7%) with similar distributions between groups. Hepatitis B vaccination coverage was low (26.7%), consistent across groups.










3.2 Full Blood Count Findings
Table 2: Full Blood Count (FBC) Parameters in HBsAg Positive Pregnant Women 
	Parameter
	HBsAg Positive (n=150) Mean ± SD
	Controls (n=30) Mean ± SD
	p-value

	RBC (×10^12/L)
	4.20 ± 0.45
	4.50 ± 0.40
	0.002

	Hemoglobin (g/dL)
	11.2 ± 1.1
	12.5 ± 1.0
	<0.001

	Hematocrit (%)
	33.5 ± 3.2
	37.0 ± 3.0
	<0.001

	MCV (fL)
	79.8 ± 6.5
	82.5 ± 5.5
	0.015

	MCH (pg)
	26.5 ± 2.8
	27.5 ± 2.5
	0.048

	MCHC (g/dL)
	33.2 ± 1.8
	33.3 ± 1.6
	0.672

	RDW-CV (%)
	14.2 ± 1.6
	13.0 ± 1.2
	<0.001

	RDW-SD (fL)
	41.0 ± 3.5
	38.5 ± 3.0
	<0.001

	Reticulocyte (%)
	1.8 ± 0.6
	1.5 ± 0.4
	0.006

	WBC (×10^9/L)
	8.5 ± 2.2
	7.8 ± 1.8
	0.045

	Neutrophils (%)
	60.0 ± 7.0
	57.5 ± 6.5
	0.021

	Lymphocytes (%)
	32.0 ± 6.0
	35.0 ± 5.5
	0.003

	Monocytes (%)
	5.5 ± 1.5
	5.0 ± 1.2
	0.080

	Eosinophils (%)
	1.2 ± 0.5
	1.3 ± 0.4
	0.295

	Basophils (%)
	0.3 ± 0.1
	0.3 ± 0.1
	0.771

	Platelet (×10^9/L)
	210 ± 50
	235 ± 45
	0.001

	MPV (fL)
	9.5 ± 1.0
	9.0 ± 0.8
	0.010

	PDW (fL)
	13.5 ± 1.2
	12.8 ± 1.0
	0.004

	PCT (%)
	0.22 ± 0.05
	0.24 ± 0.04
	0.018



HBsAg-positive women had lower RBC, Hb, and HCT (p < 0.05), elevated RDW, higher WBC and neutrophils, and reduced platelet indices.





3.3 Haemostatic Parameters
Table 3: Haemostatic parameters in HBsAg positive pregnant women.
	Parameter
	HBsAg Positive (n=150) Mean ± SD
	Controls (n=30) Mean ± SD
	p-value

	PT (seconds)
	13.5 ± 1.2
	12.8 ± 1.0
	<0.001

	APTT (seconds)
	32.0 ± 3.5
	30.5 ± 3.0
	0.002

	Platelet (×10^9/L)
	210 ± 50
	235 ± 45
	0.001

	Fibrinogen (g/L)
	3.5 ± 0.6
	3.0 ± 0.5
	<0.001

	D-dimer (mg/L)
	0.45 ± 0.15
	0.30 ± 0.10
	<0.001



PT and APTT were prolonged in HBsAg positive women (13.5 ± 1.2 vs. 12.8 ± 1.0 sec; 32.0 ± 3.5 vs. 30.5 ± 3.0 sec; p < 0.05). Fibrinogen and D-dimer levels were significantly higher, suggesting increased coagulation and fibrinolytic activity.










3.4 Correlation Analyses
Table 4 Correlation Between Hematological/Haemostatic Parameters and HBsAg Status.

	Parameter
	Correlation (r)
	p-value

	Hemoglobin
	-0.35
	<0.001

	Hematocrit
	-0.32
	<0.001

	RBC count
	-0.30
	0.001

	Platelet count
	-0.28
	0.001

	WBC count
	0.21
	0.015

	PT
	0.30
	<0.001

	APTT
	0.27
	0.002

	Fibrinogen
	0.33
	<0.001

	D-dimer
	0.38
	<0.001



HBsAg positivity correlated negatively with Hb, HCT, RBC, and platelets, and positively with WBC, PT, APTT, fibrinogen, and D-dimer (p < 0.05).



4.0 Discussion
The purpose of this study was to clarify the haemostatic and hematological changes linked to Hepatitis B surface antigen (HBsAg) infection in pregnant women who visited Edo State prenatal clinics. The results shed important light on the possible effects of long-term Hepatitis B virus (HBV) infection on maternal coagulation and hematological profiles, especially with regard to platelet parameters, white cell response, red cell indices, and the dynamic balance of the coagulation system during pregnancy.
Age, marital status, and educational attainment did not significantly differ between the HBsAg-positive and control groups, according to demographic analysis. This suggests that HBsAg status, rather than sociodemographic factors, is most likely responsible for variations in hematological and hemostatic parameters 11 12. The findings are more applicable to the entire pregnant population because the majority of women are in the reproductive age range, which is 25–34 years old 12. The majority of participants were in the second trimester, which is a crucial time characterized by rising hypercoagulability and plasma volume expansion 12. 13. A significant public health concern is the persistently poor hepatitis B vaccination coverage, which increases the risk of vertical transmission and chronic HBV persistence 12. 14. The findings' internal validity is further supported by the groups' identical prior pregnancy histories and anemia symptoms 11 15.
According to hematological research, pregnant women with HBsAg had significantly lower hemoglobin (Hb), hematocrit (Hct), and red blood cell (RBC) counts than non-infected controls, suggesting a higher prevalence of anemia. This is consistent with other research showing that persistent viral infections worsen pregnancy-related anemia 16. Chronic illness anemia, where iron metabolism is altered, erythropoietin activity is suppressed, and erythropoiesis is inhibited, may be the mechanism 17. The severity of anemia in HBsAg-positive women may be increased if iron insufficiency, a frequent pregnancy complication, coexists with inflammation-related anemia.
Mild decreases in mean corpuscular hemoglobin (MCH) and mean corpuscular volume (MCV) indicate a propensity for microcytic anemia, which is usually associated with iron shortage or erythropoietic disruption brought on by chronic illness 18. Mean corpuscular hemoglobin concentration (MCHC) stability, however, suggests that hemoglobinization per cell is essentially unchanged. According to Salvagno et al. 19, the increased red cell distribution width (RDW-CV and RDW-SD) in infected women indicates anisocytosis and red cell size heterogeneity, which are indicative of an inefficient erythropoietic response that characterizes anemia in chronic inflammation. Although not enough to return red cell indices to normal, a little increase in reticulocyte numbers most likely indicates compensatory marrow activity.
Increased total white blood cell (WBC) counts were found in the leukocyte profile, mostly as a result of neutrophilia with relative lymphopenia. The higher levels seen in HBsAg-positive women suggest immune activation secondary to chronic HBV infection, which is consistent with persistent inflammatory responses seen in chronic viral conditions, even though pregnancy itself causes physiological leukocytosis and neutrophilia.
Significant thrombocytopenia and differences in mean platelet volume (MPV) and platelet distribution width (PDW) were discovered by platelet analysis in infected women, indicating both a decreased platelet count and a functional disruption. These anomalies most likely stem from hepatic dysfunction brought on by HBV, which results in reduced thrombopoietin production and hypersplenism 20. Compensatory marrow stimulation to replace peripheral platelet loss is suggested by the observed rise in MPV and PDW 21. Prolonged prothrombin time (PT) and activated partial thromboplastin time (APTT), which are both signs of decreased hepatic synthesis of coagulation factors, clinically support the idea that this pattern raises the risk of hemorrhagic problems after delivery 22. Therefore, controlling thrombocytopenia during pregnancy requires an understanding of the complex interplay among HBV infection, hepatic dysfunction, and coagulation abnormalities 23 24.
Both natural pregnancy adaptations and pathological reactions to inflammation can be responsible for the elevated fibrinogen and D-dimer levels seen in HBsAg-positive women. In order to get ready for birth, fibrinogen, an acute-phase reactant, normally rises throughout pregnancy 25 26. Chronic HBV infection, on the other hand, intensifies this reaction and may result in a pre-disseminated intravascular coagulation (pre-DIC) condition that is marked by increased fibrinolytic activity and fibrin turnover 27 28. Subclinical coagulopathy, which is frequently observed in infectious conditions without overt DIC, is further suggested by concurrent elevations in D-dimer, a fibrin degradation product 28. Infected women are at risk for both thrombosis and bleeding because to this "compensated" hypercoagulable state, which is characterized by high fibrinogen and D-dimer levels with mild clotting time extension 27 29 25 26.
Edo State's comparatively high HBsAg prevalence among expectant mothers highlights a persistent public health issue. Infection during pregnancy increases the risk of mother-to-child transmission (MTCT), the primary cause of chronic HBV infection worldwide 30, and West Africa is still highly endemic for HBV 31. These results emphasize how critical it is to improve vaccination rates, boost antenatal HBV screening, and use antiviral prophylaxis in order to stop vertical transmission and its long-term effects.
Significant negative correlations between HBsAg positivity and Hb, Hct, RBC, and platelet count were found by correlation analysis, which corroborated these findings and suggested that HBV-induced cytopenias were caused by chronic inflammation, hypersplenism, and hepatic dysfunction 32. On the other hand, systemic immunological activity and disruptions in the coagulation cascade are indicated by positive associations with WBC, PT, APTT, fibrinogen, and D-dimer. The paradoxical hypercoagulable state is demonstrated by the simultaneous lengthening of clotting times with high fibrinogen and D-dimer.
All of these findings point to the fact that HBV infection during pregnancy seriously throws off the hematological and hemostatic balance, making women more vulnerable to thrombotic and hemorrhagic problems. This emphasizes the necessity of incorporating HBsAg screening, coagulation profile, and routine full blood count (FBC) into prenatal treatment in Edo State. Better risk assessment, prompt management, and a decrease in maternal and neonatal morbidity and death linked to HBV infection in the area can all be facilitated by thorough evaluation and early intervention.













5.0 Conclusion
In Edo State, HBsAg infection during pregnancy is associated with significant hematological abnormalities, such as anemia, thrombocytopenia, and immune cell alterations, as well as coagulation abnormalities that suggest a twofold risk for bleeding and thrombosis. These changes require routine, thorough monitoring and integrated treatment approaches in prenatal programs to mitigate adverse maternal and fetal outcomes and lower mother-to-child transmission.

6.0 Recommendations
• In Edo State, all pregnant women are screened for HBsAg at their first prenatal visit, along with follow-up and confirmatory testing. 
• Regularly checking coagulation profiles and full blood counts during pregnancy, particularly in women who test positive for HBsAg. 
• To avoid chronic infection, increase the number of women of reproductive age who receive HBV vaccinations. 
• To lower the risk of transmission, eligible pregnant women with high virus loads who test positive for HBsAg are started on antiviral prophylaxis, such as tenofovir. 
• Improving training for healthcare professionals on how to treat hematological and hemostatic issues in pregnant women with HBV infection. 
• Additional research linking hematological measures with markers of liver function and viral load for improved risk classification.






7.0 Contribution to Knowledge

This study provides localized evidence on how chronic HBV infection affects hematologic and haemostatic parameters in pregnant women in Edo State, Nigeria. It reveals significant anemia, thrombocytopenia, leukocyte changes, and coagulation abnormalities among HBsAg-positive women. By comparing with controls, the study demonstrates HBV’s disruption of erythropoiesis and coagulation balance, increasing risks of obstetric complications such as hemorrhage, preterm labor, and vertical transmission. It also underscores gaps in antenatal HBV screening and monitoring, emphasizing the need for integrated maternal-fetal health interventions in resource-limited settings.
Furthermore, this work highlights the importance of regularly including hematological and hemostatic evaluations in antenatal care protocols for pregnant women infected with HBV and supports the scaling up of HBV vaccination, antiviral prophylaxis, and health provider education—all essential components for accomplishing WHO's elimination goals. It lays the foundation for future longitudinal and mechanistic studies that will be necessary to optimize care approaches and lessen pregnancy-related issues associated with HBV. Therefore, the knowledge contribution is both academic and practical, guiding improvements in clinical practice and improving our understanding of how HBV impacts maternal hematology and hemostasis in high-burden Africa.
In addition to offering practical data to support clinical recommendations and policies targeted at enhancing maternal and newborn outcomes in HBV-endemic areas, this study highlights the complex interactions between viral illnesses and maternal health in sub-Saharan Africa.
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