


Original Research Article
HAEMATOLOGICAL PROFILE AND MORTALITY IN PATIENTS WITH LASSA FEVER IN IRRUA SPECIALIST TEACHING HOSPITAL, IRRUA, NIGERIA


ABSTRACT
Background: The viral haemorrhagic fever Lassa fever endemic in West African countries including Nigeria and Sierra Leone is associated with haematological changes characterised by bleeding and dysfunctional platelet aggregation. Haematological parameters, such as full blood count are widely used clinical indicators of health and disease. These parameters may be deranged in patients with Lassa fever.
Objective: The main objective of this study was to determine the haematology outcomes in patients with acute Lassa fever, and their relationships with the haemorrhagic manifestations. 
Methodology: This was a hospital-based case-control study involving 324 participants. Lassa positive patients, febrile Lassa negative patients (control group 1) and afebrile Lassa negative individuals (Control group 2) were recruited into the study. Full (complete) blood count parameters were determined using Orphee Mythic 22 auto analyzer (model number SN 510121-000086). Data generated were analyzed using the SPSS version 26 statistical software packages.
Results: A total of 324 participants were recruited in this study, involving 108 Lassa positive patients as the test group, 108 age and sex matched non-Lassa febrile group as control 1 and 108 age and sex matched non-Lassa afebrile group as control 2. The mean PCV (%) was lower in Lassa subjects than in control, as well as the mean MCV (fl); the differences were statistically significant p=0.021 and p=0.022 respectively. Mean MPV (fl) was higher in the febrile group (Lassa and non-Lassa febrile) than in non-Lassa afebrile control (p= 0.016). Also, the mean PDW (%CV) was lower in Lassa subjects than in controls and the mean differences were statistically significant p<0.001. Mean Reticulocyte count (%) was higher in the Lassa group than the controls (p<0.001). Median Neutrophil count was lower in Lassa than in controls (p<0.001). However Median Lymphocyte count was higher in Lassa subjects than in controls (p<0.001). A total of 3.7% of the subjects had leucoerythroblastic blood picture. About 97.2% of the study population survived while 2.8% died. MPV showed a strong association with patient’s outcome (p=0.016) and 25% of those that had leucoerythroblastic blood picture died (p=0.006).
In conclusion, this study has shown that MPV and leucoerythroblastic blood picture were strongly associated with mortality in Lassa fever patients. 
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INTRODUCTION 
Lassa fever is endemic in Nigeria with several cases reported [1, 2]. The prevalence of antibodies to the virus is approximately 21% in the Nigerian population [3]. Haematologic profile characterized by leucopaenia, thrombocytopaenia, and anaemia may be seen in many viral haemorrhagic fevers. Haematological parameters, including red and white blood cell counts and haemoglobin concentration, platelet count are widely used clinical indicators of health and disease [4]. These parameters may be deranged in patients with Lassa fever. Therefore, assessing these parameters in Lassa fever positive patients and correlating them with Lassa fever negative febrile patients and Lassa fever negative non-febrile normal individuals and may bridge the knowledge gap in this field and help in the understanding and management of patients with Lassa fever. The reservoir, or host of Lassa virus is a rodent known as the “multimammate rat” (mastomys natalensis). Once infected, this rodent is able to excrete virus in urine for an extended period, could even be for the rest of its life. Mastomys readily colonize human homes and areas where food items are stored [5]. It is estimated that approximately 100,000-300,000 clinical infections occur in West Africa yearly with approximately 5,000 deaths [6]. 
Direct contact with infected rodents is not the only way in which people are infected; person- to- person transmission may occur after exposure to the virus in the blood, tissue, secretions, or excretions of Lassa virus infected individuals [5]. Casual contact (including skin-to-skin contact without exchange of body fluids) does not spread the Lassa virus [5]. Lassa fever (LF) in Nigeria has a seasonal variation with peaks in the dry season of the year. The incidents are more from December to April when burning of bush is at its peak [7]. 
The incubation period of Lassa fever ranges from 7 to 21 days [8]. The clinical disease begins as a flu-like illness characterized by fever, general weakness, and malaise, which may be accompanied by cough, sore throat and severe headache. Gastrointestinal manifestation such as nausea, vomiting and diarrhea are also common [8]. Lassa fever, presents with symptoms and signs indistinguishable from those of febrile illnesses such as malaria and other viral haemorrhagic fevers such as Ebola. It is difficult to diagnose clinically but should be suspected in patients with fever (≥ 38°C) not responding adequately to antimalarial and antibacterial drugs. The most useful clinical predictors of Lassa fever are fever, pharyngitis, retrosternal pain, and proteinuria for diagnosis; and fever, sore throat, and vomiting for outcome [9]. 
Recovery from Lassa fever begins eight to ten days after onset, while fatal cases progressing to shock, organ failure and death, sometimes with haemorrhagic manifestation [10]. Other effects of the illness include lymphocytopaenia and a moderate thrombocytopaenia, which does not exceed 10-11days after the onset of the symptoms [11]. Severe cases with haemorrhage are associated with the presence of a circulating plasma inhibitor of platelet aggregation [12].  Lassa fever is not only endemic in Nigeria, it is also an important cause of morbidity and mortality in Nigeria. In spite of the reported abnormalities of haematological parameters in patients suffering from the disease, earlier studies have not correlated these abnormalities with clinical outcome. 
Correlation of these derangements with disease severity and outcome may guide timely haematological support management decisions such as when to transfuse products, which is usually not the case in this center. Therefore, the study was aimed at determining haematological parameters such as HB, MCV, MCHC, MCH, WBC/Differentials, platelets, reticulocyte and reticulocyte production index of Lassa positive patients with their corresponding peripheral blood films, and in the controls at presentation and correlating them with the severity and eventual outcome of the patients. Polymerase chain reaction (PCR) was used to determine positive Lassa fever cases. 
MATERIALS AND METHODS
Study Location
This research was a hospital-based study, conducted at the Irrua specialist teaching hospital (ISTH) Irrua. It is the major Lassa fever treatment center in the southern part of Nigeria. The Institute of Lassa Fever Research and Control (ILFRC) is located in ISTH and it is saddled with the responsibility of making diagnosis of Lassa fever and other infectious diseases with polymerase chain reaction techniques [1, 2,]. It also houses the Lassa fever ward where patients are managed. The Lassa fever ward is a 35 bedded ward that can be expanded to 150 bed space during periods of outbreaks. 
Sample Size Determination
Sample size was calculated using the formular for case control


Where
	     n 
	=
	Sample size 

	   Zα
	=
	Standard normal deviate corresponding to α value of 0.05 at 95% Confidence interval=1.96

	   Zβ
	=
	Standard normal deviate corresponding to β value of 0.10 (when power of the study is 90%) =1.28

	      R
	=
	Ratio of controls to cases =1

	   P1
	=
	Prevalence of hypofibrinoginaemia in LASSA patients (50% was used in absence of previous estimation) = 0.50

	   P2
	=
	Prevalence of hypofibrinoginaemia in normal population (10.3%) =0.103 [13]. 

	     P
	=
	(p1+p2)/2= 0.302

	
	
	





10% attrition (2.8) was added (28+2.8) =30.8. To increase research accuracy, 108 subjects were recruited in each group for the study (108 Lassa positive + 108 Lassa negative febrile +108 Lassa negative non-febrile).
Study design 
This was a hospital-based case-control study. It was carried out with patients that presented at the accident and emergency department, Children Emergency Room, Institute of Lassa Fever Research and Control (ILFRC), who were positive for Lassa virus PCR and suitably matched controls. Cases were all Lassa virus PCR positive patients who had not commenced Ribavirin and were not on antiplatelet and anticoagulant medications. Control I were febrile Lassa virus PCR negative patients and control II were afebrile Lassa virus PCR negative individuals. 	
This study was carried out over a period of one year (12 calendar months) with the outbreak periods inclusive to increase the chances of sample collection for the sample size.
Samples were analyzed in the departments of haematology and blood transfusion as well as Bernhard Nocht Research Laboratory that are located within ISTH and are equipped with auto analyzers, coagulation studies equipment and ELISA techniques after diagnosis has been made at the ILFRC. 
Analytical method
The complete blood count was performed on EDTA anticoagulated samples using the Orphee Mythic 22 automated haematology analyser, model number SN 510121-000086.
Peripheral blood film was made from thin smears consisting of blood spread on a layer on a glass slide such that the thickness decreased progressively toward the feathered edge. The smear was air dried, fixed in absolute methanol (acetone-free) for 15 minutes and air dried again before staining. The fixed films were transferred into a staining jar containing May–Grunwald stain and allowed to stain for about 15 minutes. They were then transferred without washing into another jar containing Giemsa stain, staining for 15 minutes. They were then transferred into a jar containing buffered water (pH 6.8), rapidly washed in four changes of water, and finally allowed to stand undisturbed in water for 5 minutes (for differentiation to take place).
Data Analysis
 Data on the questionnaire and the result of haematological analysis of the specimen were collated and entered into Statistical Product and Service Solutions 26 (SPSS Inco, Chicago, IL). Data collation and validation were done. Normally distributed numerical data were presented using mean and standard deviation while median and interquartile range were used for presentation of skewed data. Categorical variables were presented as proportions and percentages. Data normality was assessed with Kolmogorov- Smirnov test. 
Association between categorical variables in this study was assessed with Chi-square test. Mean comparison between the three (3) groups were assessed using Analysis of variance while median comparison were carried out using Kruskal wallis test. Pairwise difference assessments between groups were carried out using Bonferroni post hoc test. Test of significance was based on 95% confidence interval, P value less than 0.05 was taken as significant.   Tables and charts were used for data presentation where appropriate.    
RESULTS 
Table 1: Hematological parameters among participants
	
	Lassa N=108
Mean±SD

	Non-Lassa febrile N=108 Mean±SD
	Non-Lassa afebrile N=108
Mean±SD
	F-value
	p-value

	Hb (g/dl)
	11.98±2.2
	12.27±1.9
	12.44±1.4
	1.614
	0.201

	PCV (%)
	35.23±6.7
	35.69±5.0
	37.30±4.0
	4.490
	0.021*

	MCV (fl)
	79.98±7.7
	80.93±7.6
	82.69±6.4
	3.879
	0.022*

	MCH (pg)
	27.90±5.5
	28.15±3.1
	28.03±2.0
	0.113
	0.893

	MCHC (g/dl)
	34.07±2.0
	33.74±3.6
	33.46±1.2
	1.672
	0.190

	Mean platelet volume (fl)
	8.99±1.4
	9.34±1.4
	8.80±1.3
	4.214
	0.016*

	Platelet distribution width (fl)
	14.06±1.9
	15.06±2.8
	16.06±3.6
	12.950
	<0.001*

	Reticulocyte count (%)
	2.15±0.5
	1.64±0.5
	1.70±0.6
	9.383
	<0.001*

	Reticulocyte production index (RPI) (%)
	1.17±0.1
	1.16±0.1
	1.15±0.1
	0.846
	0.430

	
	Median(Q1-Q3)
	Median(Q1-Q3)
	Median(Q1-Q3)
	K-value
	

	RBC count (x109/L)
	4.40(3.9-4.9)
	4.49(4.1-5.1)
	4.53(4.1-4.9)
	1.520
	0.468

	RDW (%cv)
	11.80(11.1-13.1)
	12.70(11.2-14.1)
	11.60(10.8-13.2)
	12.448
	0.002*

	Platelet count(x109/L)
	215.5(148-297)
	231.0(184-285)
	237.5(195-277)
	2.127
	0.345

	Total WBC(x109/L)
	5.30(3.8-8.3)
	5.65(4.8-6.8)
	5.55(4.6-7.0)
	0.266
	0.875

	Neutrophils (%)
	47.20(38.9-56.0)
	50.10(40.5-63.7)
	61.00(58.9-64.6)
	68.941
	<0.001*

	Lymphocyte (%)
	39.75(32.5-48.6)
	37.95(26.8-48.1)
	26.80(23.3-29.9)
	77.023
	<0.001*

	Monocyte (%)
	9.15(6.5-13.5)
	7.00(4.5-9.5)
	9.85(7.6-11.5)
	30.239
	<0.001*

	Eosinophils (%)
	1.60(0.7-3.7)
	2.30(1.4-3.5)
	2.20(1.0-3.3)
	6.710
	0.035*

	Basophils (%)
	0.20(0.1-4.0)
	0.30(1.0-4.0)
	0.10(0.1-0.2)
	16.993
	<0.001*


F-value=Analysis of variance; K-value: Kruskal Wallis; *significant
F-value=Analysis of variance; K-value: Kruskal Wallis; *significant

The haematological parameters of the study groups are shown in table 1. 
Red cell indices: The Mean Hb (g/dl) were 11.98±2.2 for Lassa positive patients, 12.27±1.9 for control 1, and 12.44±1.4 for control 2 (p=0.201) the mean differences were not statistically significant. Mean PCV (%) were 35.236.7 for Lassa positive patients, 35.69±5.0 for control 1 and 37.30±4.0 for control 2 (p=0.021), the mean differences were statistically significant. There was statistically significant difference in the mean MCV (fl) (78.987.7) for Lassa positive patients, compared to control groups 80.93±7.6 for control 1 and 82.69±6.4 for control 2 (p=0.022). Mean MCH (pg) were 27.90±5.5 for Lassa positive patients, 28.15±3.1 for control 1 and 28.03±2.0 for control 2, (p=0.893), the differences were not statistically significant across groups. Mean MCHC(g/dl) were 32.07±2.0, 33.74±3.6 and 33.46±1.2 for Lassa fever positive, control 1 and control 2 respectively (p=0.190). The mean Reticulocyte count (%) for Lassa positive patients was higher than for both controls 1 and 2 (2.150.5, 1.64±0.5 and 1.70±0.6 respectively) p<0.001). The differences in the mean RPI (%) and median RBC count (x109/L) were not statistically significant among the study groups viz; RPI: 1.17±0.1 for Lassa positive patients, 1.16±0.1 for control 1 and 1.15±0.1 for control 2 (p=0.430) and RBC: 4.40(3.9-4.9) for Lassa positive patients, 4.49(4.1-5.1) for control 1 and 4.53(4.1-4.9) for control 2 (p=0.468). The median RDW(%CV) was higher in Lassa positive patients than in febrile control 11.80(11.1-13.1) and 12.70(11.2-14.1) respectively (p= 0.002) and the difference was statistically significant
Platelet indices:
The Mean of MPV (fl) was lower in Lassa fever positive patients compared to febrile controls (8.991.4 vs 9.34±1.4). The difference was statistically significant (p= 0.016). The mean PDW(%CV) for Lassa positive patients was 14.061.9 and was lower than controls 1 and 2 (15.06±2.8 and 16.06±3.6 respectively) and their differences were statistically significant (p<0.001). The median platelet count (x109/L) was lower in Lassa positive patients than controls 1 and 2. The differences were not statistically significant viz; 215.5(148-297) for Lassa positive patients, 231.0(184-285) for control 1 and 237.5(195-277) for control 2 (p=0.345) 
White cells: The median TWBC was lower in Lassa positive patients than both controls viz; 5.30(3.8-8.3) for Lassa positive patients, 5.65(4.8-6.8) for control 1 and 5.55(4.6-7.0) for control 2 (p=0.875). The median Neutrophil count (%) was lower in Lassa positive patients than in the controls, namely, 47.20(38.9-56.0) for Lassa positive patients, 50.10(40.5-63.7) for control1 and 61.00(58.9-64.6) for control 2 (p<0.001). The median Lymphocyte count (%) was higher in Lassa positive group than in the control 1 and 2 viz; 39.75(32.5-48.6); 37.95 (26.8-48.1) and 26.80(23.3-29.9) respectively (p<0.001). The median Monocyte count (%) was higher in Lassa positive patients than in febrile control: 9.15(6.5-13.5) and 7.00(4.5-9.5) (p<0.001). The median Eosinophil and Basophil counts (%) were lower in the Lassa positive patients than the febrile controls; for Eosinophils, 1.60(0.7-3.7) in Lassa positive patients, 2.30 (1.4-3.5) for control 1 and 2.20(1.0-3.3) for control 2 (p=0.035) and for basophils 0.20(0.1-4.0) in Lassa positive patients, 0.30(1.0-4.0) for control1 and 0.10(0.1-0.2) for control 2 (p<0.001) their median differences were all statistically significant.

Table 2: Peripheral blood film of participants
	
	Lassa N=108
n(%)

	Non-Lassa febrile (control1) N=108 n(%)
	Non-Lassa afebrile (control 2) N=108
n(%)
	χ2
	p-value

	NN
	87(80.6)
	97(89.8)
	103(95.4)
	11.960
	0.003*

	MH
	20(18.5)
	11(10.2)
	5(4.6)
	10.688
	0.005*

	Macrocyte
	4(3.7)
	0(0.0)
	0(0.0)
	8.100**
	0.017*

	Leucoerythroblastic
	4(3.7)
	0(0.0)
	0(0.0)
	8.100**
	0.017*

	Nucleated red cell 
	23(21.3)
	0(0.0)
	0(0.0)
	49.515**
	<0.001*

	TG
	108(100.0)
	108(100.0)
	0(0.0)
	324.00**
	<0.001*

	HS
	4(3.7)
	0(0.0)
	0(0.0)
	8.100**
	0.017*

	NP
	105(97.2)
	103(95.4)
	102(94.4)
	1.045
	0.593

	LP
	3(2.8)
	10(9.3)
	6(5.6)
	4.137**
	0.126


*Significant; **Fisher’s exact test

Table 2 showed the peripheral blood films of participants. Eighty-seven (87/108) representing 86% of Lassa positive patients had normocytic normochromic (NN) blood picture compared to 97(89.8%) and 103(95.4%) in control groups 1 and 2 respectively. The differences were statistically significant (P=0.003). Microcytic hypochromic red cells was found in 20(18.5%) of Lassa positive patients which was higher than both controls with 11(10.2%) for control 1 and 5(4.6%) for control 2. The differences were statistically significant (P=0.005). Macrocytic blood picture was found in 4(3.7%) of 108 Lassa positive patients which was higher compared to both control groups with none p=0.017. Leucoerythroblastic blood picture was also higher in Lassa fever positive patients 4(3.7%) out of 108 compared to controls 1 and 2 with 0% in both groups the differences were statistically significant p=0.017. Significant nucleated red blood cells were seen in 23(21.3%) of 108 of the Lassa positive patients which was higher than in both controls with none p<0.001 statistically significant. Toxic granulations (TG) were seen in 100% of Lassa positive patients and control 1 but none in control 2 the differences, were statistically significant p<0.001. Hyper-segmentation (HS) was found in the film of 4 (3.7%) of Lassa fever positive patients none of the blood films of the control group showed hyper-segmentation. The differences were significant statistically P=0.017.

Table 3: Presenting symptoms of study groups
	
	Lassa N=108
n(%)

	Non-Lassa febrile control 1 N=108 n(%)
	Non-Lassa afebrile control 2 N=108
n(%)
	f
	p-value

	Anaemia (PCV <38% in females and <40% in males)
	75(69.4)
	66(61.1)
	34(31.5)
	34.618
	<0.001*

	Bleeding diathesis
	5(4.6)
	0(0.0)
	0(0.00
	10.157
	0.006*

	Fever 
	108(100.0)
	108(100.0)
	0(0.0)
	324.000
	<0.001*

	Rash
	0(0.0)
	0(0.0)
	0(0.0)
	0.000
	1.000

	Headache
	93(86.1)
	75(69.4)
	0(0.0)
	180.470
	<0.001*

	Vomiting
	19(17.6)
	11(10.2)
	0(0.0)
	20.057
	<0.001*

	Diarrhea
	12(11.1)
	8(7.4)
	0(0.0)
	11.937
	0.003*

	Cough
	17(15.7)
	9(8.3)
	0(0.0)
	18.149
	<0.001*

	Jaundice
	1(0.9)
	4(3.7)
	2(1.9)
	2.044
	0.360

	Haemoglobinuria
	23(21.3)
	3(2.8)
	0(0.0)
	35.879**
	<0.001*


*Significant; f-Fisher exact test

Table 3 showed the clinical features among participants: anaemia was higher in Lassa positive patients, than in controls 1 and 2 groups viz; 75/108(69.4%) in Lassa positive, 61.1% in control group 1 and 31.5% in control group 2 the differences were statistically significant p<0.001. Bleeding diathesis was 4.6% in Lassa fever positive patients, which was more than both control groups with 0% p=0.006. Headache was 93/108 (86.1%) in Lassa positive patients, which was higher than control 1 with 69.4% control 2 had 0% their differences were significant (p<0.00). Vomiting was higher in Lassa positive patients than in control 1 and 2 Viz; 17.6%, 10.2% and 0% respectively p<0.001. Diarrhea was 11.1% in Lassa positive patients, 7.4 % in control group 1 and 0% in control group 2 p=0.003 which was statistically significant. Cough was noticed in 15.7 % of 108 for Lassa positive patients, which was also higher than 8.3% for control 1 and 0% for control 2 p<0.001. Those who had jaundice were fewer in Lassa positive group than control 1 and 2. Values were: 0.9% in Lassa positive, 3.7% in control 1. The difference was not statistically significant (p=0.360). The difference in those who had haemoglobinuria/haematuria in Lassa group and control 1 was significant 21.3% in Lassa positive, and 2.8% in control (p<0.001).
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Figure 1: Proportion of mortality among LASSA patients

Figure 1 showed that 3(2.8%) out of 108 of the Lassa positive patients died while 105(97.2%) survived.

Table 4: Comparison of the mean haematological parameters according to outcome
	
	Dead
Mean±SD
	Discharge
Mean±SD
	t-value
	p-value

	Hb (g/dl)
	13.57±1.9
	11.93±2.2
	1.270
	0.207

	PCV (%)
	38.00±4.9
	35.13±6.7
	0.942
	0.348

	MCV (fl)
	72.27±16.0
	80.20±7.4
	-1.772
	0.079

	MCH (pg)
	27.07±2.1
	27.92±5.6
	-0.265
	0.792

	MCHC (g/dl)
	33.17±2.7
	34.10±2.0
	-0.795
	0.428

	Mean platelet volume (fl)
	10.92±2.1
	8.94±1.3
	2.451
	0.016*

	Platelet distribution width (fl)
	14.63±1.5
	14.04±1.9
	0.524
	0.601

	Reticulocyte count (%)
	2.20±0.6
	2.20±0.8
	-0.007
	0.994

	Reticulocyte production index (%)
	1.07±0.1
	1.17±0.1
	-1.234
	0.220

	
	
	
	
	

	RBC count (x109/L)
	4.69 (4.4-5.0)
	4.40(3.9-4.9)
	-0.664
	0.533

	RDW (%cv)
	11.10 (1.7-12.5)
	11.80(11.1-13.0)
	-0.542
	0.607

	Platelet count(x109/L)
	168.0 (115-243)
	216.0 (149-297)
	-0.626
	0.557

	Total WBC(x109/L)
	5.50 (4.7-17.9)
	5.30 (3.8-8.2)
	-0.542
	0.607

	Neutrophils (%)
	51.40(48.1-242.7)
	47.10(37.9-55.9)
	-1.010
	0.329

	Lymphocyte (%)
	40.40(37.5-41.4)
	39.60(32.4-48.7)
	-0.084
	0.944

	Monocyte (%)
	9.30 (8.2-12.8)
	9.10 (6.5-13.4)
	-0.552
	0.607

	Eosinophils (%)
	3.80 (2.4-4.2)
	1.60 (0.6-3.5)
	-0.945
	0.367

	Basophils (%)
	0.30 (0.2-0.3)
	0.20 (0.1-0.4)
	-0.029
	0.986




Table 4 showed the comparison of the mean haematological parameters according to outcome. The MPV (10.92±2.1) was higher in those that died compared with those that were discharged (8.94±1.3) the difference was statistically significant p=0.016. There were no statistically significant differences between those that died and those discharged with other parameters. 
Table 5: Association between mortality and peripheral blood film findings in study groups 
	
	Dead (n=3)
	Alive (n=105)
	Fisher exact
	p-value

	NN
Yes
No
	
2(2.3)
1(4.8)
	
85(97.7)
20(95.2)
	
0.380
	
0.538

	MH
Yes
No
	
1(5.0)
2(2.3)
	
19(95.0)
86(97.7)
	
0.380
	
0.538

	Leucoerythroblastic
Yes
No
	
1(25.0)
2(1.9)
	
3(75.0)
102(98.1)
	
7.598
	
0.006*

	Nucleated red cell 
Yes
No
	
1(4.3)
2(2.4)
	
22(95.7)
83(97.6)
	
0.267
	
0.606

	H SEG
Yes
No
	
0(0.0)
3(2.9)
	
4(100.0)
101(97.1)
	
0.119
	
0.730

	NP
Yes
No
	
3(2.9)
0(0.0)
	
102(97.1)
3(100.0)
	
0.088
	
0.767

	LP
Yes
No
	
0(0.0)
3(2.9)
	
3(100.0)
102(97.1)
	
0.088
	
0.767


*Significant   

Table 5 showed association between mortality and peripheral blood smear findings among study groups. There was a 25% death among those that had leucoerythroblastic blood picture and the difference was statistically significant when compared with those without leucoerythroblastic blood picture (P=0.006).

Table 6: Association between mortality and clinical features of Lassa positive patients
	
	Dead (n=3)
	Alive (n=105)
	Fisher exact
	p-value

	Anaemia
Yes
No
	
2(3.0)
1(2.7)
	
73(97.0)
32(97.3)
	
0.011
	
0.916

	Bleeding diathesis
Yes
No
	
0(0.0)
3(2.9)
	
5(100.0)
100(97.1)
	
0.150
	
0.699

	Headache
Yes
No
	
3(3.2)
0(0.0)
	
90(96.8)
15(100.0)
	
0.498
	
0.481

	Vomiting
Yes
No
	
0(0.0)
3(3.4)
	
19(100.0)
86(96.6)
	
0.659
	
0.419

	Diarrhea
Yes
No
	
0(0.0)
3(3.1)
	
12(100.0)
93(96.9)
	
0.386
	
0.535

	Cough
Yes
No
	
0(0.0)
3(3.3)
	
17(100.0)
88(96.7)
	
0.576
	
0.448

	Jaundice
Yes
No
	
0(0.0)
3(2.8)
	
1(100.0)
104(97.2)
	
0.029
	
0.865

	Haemoglobinuria
Yes
No
	
1(4.3)
2(2.4)
	
22(95.7)
83(97.6)
	
0.267
	
0.606


*Significant

Table 6 showed the association between the clinical features and mortality among Lassa positive patients. There were no statistically significant association between any of the clinical features and mortality.

Table 7: Correlation between duration of hospital stay and haematologic parameters.
	
	Spearman correlation coefficient
	p-value

	
	
	

	Hb (g/dl)
	-0.135
	0.164

	PCV (%)
	-0.140
	0.149

	MCV (fl)
	-0.011
	0.911

	MCH (pg)
	0.277
	0.044

	MCHC (g/dl)
	-0.086
	0.376

	Mean platelet volume (fl)
	0.081
	0.403

	Platelet distribution width (fl)
	0.010
	0.919

	Reticulocyte count (%)
	0.201
	0.038

	Reticulocyte production index (%)
	0.037
	0.711

	RBC count (x109/L)
	-0.131
	0.176

	RDW (%cv)
	0.128
	0.186

	Platelet count(x109/L)
	0.079
	0.414

	Total WBC(x109/L)
	0.268
	0.005*

	Neutrophils (%)
	-0.080
	0.411

	Lymphocyte (%)
	-0.001
	0.993

	Monocyte (%)
	0.146
	0.132

	Eosinophils (%)
	0.037
	0.704

	Basophils (%)
	0.118
	0.225


            
[bookmark: _GoBack]Table 7 showed the correlation of haematologic parameters and hospital stay. There was a weak but significant positive correlations between TWBC and duration of hospital stay (r = 0.268, p =0.005). 
DISCUSSION
 It was observed that the following haematological parameters for Lassa fever patients were statistically significant: PCV, MCV, MPV, PDW, Reticulocyte count, RDW, Neutrophils, Lymphocytes, Monocytes, Eosinophils and Basophils. The values obtained were similar to those in a study by Owhin et al. [14], which were within normal ranges except haemoglobin/PCV which were lower than normal. RDW and lymphocyte counts were higher in his study as against slightly lower RDW and higher neutrophil count in this study. This may be due to secondary bacterial infection in the patients studied. Reduced lymphocytes in viral infection has been reported by Guo et al. [15]. In a study done by Fisher-Hoch et al. [16], lymphopaenia was compatible with severe Lassa fever.
Of the Lassa positive patients 69.4% (75/108) were anaemic with a p-value of <0.001. This is similar to a study by Owhin et al. [14] where they had 69% having anaemia. The reason for the anaemia could be from high number of patients presenting with haemoglobinuria and or Haematuria.
Bleeding diathesis was 4.6% (p=0.006), and this was different from a previous study by Akhiwu et al, which reported a higher percentage of bleeding diathesis [17]. The difference may be due to the fact that most patients presented earlier in this study than the previous study. Haemoglobinuria / haematuria without bleeding diathesis was 21.3%. Jaundice was 0.9 %. In the study by Ilori et al. [18], jaundice was 2.2% and haemorrhage was 17.0%, which is similar withthe finding of this study. However in the study by Okokhere et al, 76% of Lassa fever patient with acute kidney injury (AKI) had haematuria/haemoglobinuria [19]. The difference here may be due to the coexisting AKI in their study which was not considered in this study. It was discovered that 100% of the study population presented with fever. In a previous study by Ilori et al. [18], 96.4% presented with fever, which aligned with our findings.
 Those that had headache were 86.1% as against 58.7% by Ilori et al. [18]. Vomiting was 17.6 %, diarrhea 11.1% and cough 15.7 %, compared with 49.4%, 26.8% and 30.4% respectively by Ilori et al. [18]. 
It was discovered in this study that 21.3% presented with haemoglobinuria/haematuria (p=<0.001), while 4.6% had bleeding diathesis (bleeding from puncture sites and craniofacial orifices) In a study done by Akhiwu et al. [17], 20% of the cases studied had bleeding disorders. This is not different from the finding in this study. Haemoglobinuria may be due to development of antibodies against red blood cells in Lassa fever.

In this study, the average duration of admission of Lassa fever patients for those discharged had a median value of 11days. This was similar to a study by Duvignaud et al. [20]. It was discovered that 97.2% of the study population survived while 2.8% died. This was different from the 12% death reported by Duvignaud et al. [20]. The reason may be due to the level of care in ISTH as a Global Centre for treatment of Lassa fever. 

In this study also, MPV was statistically significant (p=0.016) in association with patient’s outcome with a mean value of 10.92 for those that died and 8.94 for those that were discharged. MPV is expected to be high in septicaemia [21]. Lassa fever complicated by septicaemia may have resulted in the high MPV and the subsequent outcome.

The peripheral blood film finding revealed 80.6% normochromic normocytic red cells (NN), 18.5% microcytic hypochromic red cells, 3.7% macrocytic hypochromic red cells and 3.7% with leucoerythroblastic blood picture. All Lassa positive subjects had toxic granulation of neutrophils. In a study done by Owhin et al. [14], NN was 22%, MH 47% this was at variance with the finding from this study, and the difference may be due to a higher number of Lassa fever patients having pre-existing microcytic hypochromic anaemia in their study than what we have in this study and not necessarily due to Lassa fever. 

Twenty-five percent (25%) of those that had leucoerythroblastic blood picture died (p=0.006) which was statistically significant. This could be a predictor of outcome in Lassa fever. However, a larger number of cases will need to be studied to substantiate this fact.

CONCLUSION
In conclusion, haemoglobinuria/haematuria, bleeding diathesis, bleeding from punctured sites and craniofacial orifices is increased in Lassa fever, while normocytic normochromic anaemia is a significant finding in Lassa fever. MPV was a significant finding in relation to the outcome. Higher MPV for those that died and lower MPV for those discharged. Leucoerythroblastic blood picture was statistically significant in those that died, therefore, high MPV and leucoerythroblastic blood pictures in Lassa patients can be used as indicators for poor primary outcome or as poor prognostic factor in Lassa fever patients. There is a need to routinely request for peripheral blood film to assess for leucoerythroblastic blood picture since it was significant in those that died.

Ethical Approval and Consent
Approval for the study was obtained from the Ethical committee of Irrua Specialist Teaching Hospital. Informed written consent was obtained from the participants before enlistment into the study after explaining the aims of the study and the procedures involved and the right to withdraw at any time after initial consent. Privacy was given to the study population and all information supplied were handled confidentially. Written permission was sought and obtained from the Heads of Department of Haematology and Blood Transfusion, Head of ILFRC, Head of Bernhard Nocht Institute Research Laboratory ISTH.  		
 Ethical considerations were based on the general ethical principles as applicable to human subjects in this study. These were respect for persons, beneficence, non-maleficence and justice.   
Sampling Techniques 
Lassa fever virus PCR positive patients were serially recruited from accident and emergency department, children emergency room, as well as ILFRC using convenience sampling method. Lassa fever patients, were recruited into the study, after a written informed consent for participation in the study was given by the patients or guardian for underage children.
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