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Lassa Fever at a Tertiary Hospital in North-Central Nigeria (2018–2023): Retrospective Cohort of RTPCR Confirmed Cases, Case Fatality and Factors Associated with Death
Abstract
Aim 
This study was aimed to determine the incident cases, pattern of mortality, factors associated with the mortality and case fatality rate among Lassa fever infected patients attending a Tertiary Hospital in North Central, Nigeria.
Method:
 A retrospective Analysis was carried out at Benue State University Teaching Hospital Makurdi, North Central, Nigeria from January 2018 to March 2023.  Data was collected based on Secondary data abstraction on Lassa fever patients attending clinic at Benue State University Teaching Makurdi, North Centre Nigeria. A total of 179 patients tested for Lassa fever were retrieved and information on sociodemographic characteristics, clinical findings and laboratory investigation results were collected and entered in the case report form (CFR) for further analysis. Out of 179 suspected cases,62 patients were confirmed, 55 patients received their complete treatment at BSUTH while 7patients had incomplete treatment. The data of 55 patients were analysed using Statistical Package for the Social Science (SPSS) Version 23. 
Results
 The results showed that the mean age of patients were 34.65±12.31 ranging from 15-61 years while 52.7% were aged ≥35 years. Many patients were students (23.9%), while civil servants and patients resided in urban areas were (21.7%) (74.5%) respectively. Multivariant logistic regression analyses were used to confirm the factors associated with high mortality among patients which include diarrhoea, patients with jaundice, decreased urine volume and mucosal bleeding from craniofacial sites (19.0%) (60.0%) (28.6%) (21.1%) respectively which were statistically significant (p<0.003). 
 Conclusion 
The study revealed a relationship between demographic profile and clinical manifestation of confirmed cases of LF and death. 
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1.0	INTRODUCTION 
Lassa fever (LF) caused by the Lassa Virus was a viral haemorrhagic zoonotic disease, an emerging and re-emerging disease that poses a significant health challenge with depicted high case fatality, was first identified in 1969 and subsequently named after a town in the present Borno state of Nigeria. (Ossai et al., 2020)  Lassa fever is endemic in Nigeria, with continuous cases of the infection seen in other endemic regions of Africa such as the Benin Republic, Ghana, Guinea, Liberia, Mali, Sierra Leone, Togo, Central African Republic, Burkina Faso, Côte d’Ivoire, and Senegal etc, because of large numbers of rodents that transmit this virus seen in these regions.(Grace et al.,2021; Madueme and Chirove,2023)  Annual occurrences have been recorded in Sierra Leone, Senegal, and Nigeria, with Nigeria having the highest yearly incidence and peak endemic incidence. (Grace et al., 2021, Tambo et al., 2018) Lassa fever virus was an enveloped, single-stranded, bi-segmented, negative–stranded virus of the family, Arenaviridae. (Okoro et al., 2020) The virus has two-segmented ribonucleic acid (RNA), nucleoprotein (NP), lipid envelope, and glycoprotein (G) that utilises a cytoskeleton-associated peptide, alpha-dystroglycan, to embed into targeted cells such as macrophages, dendritic, and endothelial cells, and then begin replication.(Alli et al., 2021) The virus uses its NP to inhibit the production of interferon that lead to the suppression of immune cells that prevent the secretion of pro-inflammatory cytokines such as tumour necrosis factor (TNF)-α, interleukin 6 (IL-6), and interleukin eight beta (IL-8β), consequently leading to ineffective immune response to keep the viral dissemination under control (Alli et al., 2021, Murphy and Ly ,2022) The Mastomys natalensis was the reservoir host of Lassa fever were mostly seen at  homes where food stuffs were stored. (Demby et al., 2001) The major transmission of LF occur due to viral spillover from the Mastomys natalensis urine and faeces on foods.  Also, person-to-person transmission occurs via contact with aerosol or fluid secretions such as sputum, sneezing, blood, and seminal fluid and can be transmitted vertically to offspring.(Garry 2023, Grace et al., 2021, Tewogbola and Aungi 2020, Thielabein et al., 2022)  It can also be transmitted as a nosocomial infection, in which Health Care Workers (HCW) are at risk of this infection, largely due to poor pathogen containment, in areas with a lack of strict adherence to Infection Prevention and Control (IPC) practices (Chikwe et al 2016) The most common symptoms; include gradual onset of fever, malaise,  headache, sore throat, muscle pain, chest pain, nausea, vomiting, diarrhoea, cough, abdominal pain and other severe symptoms include bleeding in the eyes, nose, gums, neck/facial swelling, respiratory distress, pain in the chest, abdomen and back as well as repeated vomiting, shock and renal failure. (Madueme and Chirove 2023, WHO,2018) However, LF causes two million infections, 300,000–500,000 clinical infections, and 5,000- 10,000 deaths yearly in the West African sub-region. (Dalhat et al.,2022, WHO,2018, Uwishema et al., 2021) The challenge of the cost of treatment of LF was consequential and a study at Irrua Specialist Teaching Hospital, Nigeria, showed the median total direct medical cost of the treatment for Lassa fever was N80, 704 and the average paid from pocket was N86,802.63. (Asogun et al.,2016) The highest total direct medical cost paid by a patient was N229,087.00, while the least total amount spent on treatment was N27, 590.00 with a range of N201,497 and an interquartile range of N58,186.00, despite the subsidy of medications. (Asogun et al.,2016) A study in Sierra Leone showed that LF attributed to 10-16% of admissions and 30% of deaths in the medicine department of a large referral centre when compared to the study conducted at Irrua Specialist Teaching Hospital, in Edo state, in 2007, that revealed lower rates of Lassa fever as it accounted for 7% of the admissions and 13% of deaths in the adult medical wards. (Okpomu,2018) A retrospective study from 2015 to 2021 revealed incidence per year from January to December of the respective years as 25, 109, 143,633,833,1189 confirmed cases for 2015, 2016, 2017, 2018, 2019, and 2020, respectively.  Again, in 2018 records the beginning of new cases, mainly across ten states: Edo. Ondo, Bauchi, Nasarawa, Ebonyi, Anambra, Benue, Kogi, Imo and Lagos states.(Okpomu,2018)  The  year 2020, was described as the worst outbreak of lassa fever in Nigeria with more than 1189 confirmed cases and 244 fatalities(Gulumbe et al ., 2023) Also, the year 2022 recorded a significant number of over 900 confirmed cases in the first quarter of the year and close to 200 fatalities while in January, 2023 Nigeria was found in a public health crisis due to the high contagious nature of LF with 244 confirmed cases and 37 fatalities. (Gulumbe et al., 2023) It is worthy to note that some cultural and personal habits have been attributed as factors promoting the high incidence of Lassa fever in Nigeria which include  consumption of rat meat, consumption of contaminated food, traditional autopsy: where on-table injuries could occur with a scalpel and the injury contaminated with the blood of the deceased as well as improper Infection Prevention Control protocols by the morticians, forceful ingestion of water used in bathing a dead husband by a grieving widow who is suspected to be involved in her late husband’s death, open air drying of Cassava flour  most especially in rural settings , Lack of knowledge on rodent control as a primary prevention strategy,  downgraded human-to-human route of transmission, deficient hospital infrastructure and equipment. (Okpomu, 2018, Ficenac et al., 2023)
Other factors influencing the spread of the disease include:
Age: Lassa fever occurs across all age groups, affecting both males and females, with differing degrees of risk. It seriously affects the children and the elderly.(Akhuemokhan,2017) Another study demonstrated that the youngest and the oldest were the most likely to die, with 100% mortality in those aged 5 years or younger and those aged 55 years or older.(Buba et al., 2018)  Although the predominant age group affected by LF has been described to fall between ages 21-30 years, a study also found that a one-year increase in age increased the odds of death from Lassa fever infection by 3%. (Akhuemokhan,2017; Olayinka et al., 2022)
 Sex:  A study showed males to have an uptick in risk of LF disease by 32% compared to their female counterparts.(Olayinka et al., 2022)   This finding could be explained by socio-behavioural activities among males in a Nigerian setting males engage in more daring occupational activities such as hunting rodents which are consumed as a source of food or used for income generation and they equally engage in other agricultural work, hence the tendency to be exposed to LF infection- this hypothesis is supported by the higher risk of LF among agricultural workers or farmers in this study.(Aanuoluwapo and Olayinka 2022) In 2021, a study showed that patient survival ranged from 5 to 30 days. Male patients had lower survival odds in the initial 10 days of hospitalisation, improved chances from days 10 to 20, and reduced probabilities beyond day 20. (Cadmus et al., 2021)
 Occupation: The risk of LF disease was quantified concerning varied occupational groups or types of jobs.  A study showed a two-fold increase in the odds of Lassa fever disease among healthcare workers. However, this was not significant, as healthcare workers were insufficient participants in the study. However, nosocomial transmission of Lassa fever, with high case fatality rates among health workers of all cadres, is commonplace in Nigeria, as evidenced by previous studies in Plateau, Nasarawa, Borno, as well as Edo, Ebonyi States and across the entire country.( Olayinka et al., 2022, Ajayi et al., 2013, Ilon et al, 2019)   It showed that persons who were into businesses and farmers were at increased risk of LF disease when compared with unemployed persons (housewives, students, and job applicants, among others.( Olayinka et al., 2022) Likewise, in (Joseph et al., 2019), Abakaliki, South-eastern Nigeria, many LF cases have been recorded among traders. Most farming in Nigeria is subsistence, and the farmers tend to dry farm produce in open spaces and on roadsides. This increases the risk of consuming food items contaminated by rodents. (OLowookare, 2017) There is also the possibility that business personnel and traders tend to interact and travel more frequently, with more human-to-human transmission. 
Certain clinical variables. A study done revealed that certain clinical factors, such as fever, headache, abdominal pain, myalgia, chest pain, sore throat, seizure, delirium, symptoms of meningeal irritation, impaired hearing or tinnitus, vomiting, watery diarrhoea, hiccup, and bleeding, worsen the Lassa fever situation, which increases the mortality of the patients.(Olayinka et al., 2022)  Another study also showed that a combination of fever, pharyngitis, retrosternal pain, and proteinuria was significantly associated with LF disease.(Shehu et al, 2023)  These are like the composition of general systemic as well as ear, nose, and throat symptoms, which have also been found to be associated with LF disease in Nigeria.( Olayinka et al., 2022) As with other studies, gastrointestinal tract, generalised non-specific symptoms, ENT clinical manifestations, bleeding and CNS symptoms were identified to be associated with LF.(Ehichioya et al.,2012, Okokhere et al.,2013) This study was a retrospective study aimed to determine  Lassa fever incidence, pattern of mortality, factors associated with high mortality and case fatality among patients attending Benue State University Teaching Hospital Makurdi, Benue State, Nigeria and the outcome of this research can be utilised by the Federal Ministry of Health, Benue State Ministry of Health and Pharmaceutical Society of Nigeria in curtailing the impacts of Lassa fever in Benue State, Nigeria, and West Africa in general.
2.0	METHODOLOGY
2.1	STUDY AREA
This study was conducted at Benue State University Teaching Hospital (BSUTH) Makurdi, North-Central region of Nigeria. The BSUTH have an isolation ward of Lassa Fever, with a bed space of one hundred and fifty and was equipped with modern facilities and qualified health care professionals. BSUTH was located in Makurdi, the Benue State Capital which was bounded on the south by Cross River, Ebonyi, and Enugu states, the West by Kogi state, the north by Nasarawa state, and the Northeast by Taraba state. disease isolation centre. 
2.2	STUDY DESIGN
This was a retrospective cohort in which the patients managed for Lassa fever infections at BSUTH were included over the study durations above. 
2.3	STUDY POPULATION
Participants in the study were all patients managed for Lassa fever at the Benue State University Teaching Hospital from 2018 to 2023.
2.3.1	Inclusion Criteria
Those included in the research were all patients with positive RT-PCR results for Lassa fever, treated at the BSUTH isolation centre.
2.3.2 	Exclusion Criteria
1. All patients with Gram-negative Septicaemia.
2. Co-existence of Yellow fever and dengue.
2.5 SAMPLING TECHNIQUE
Secondary data abstraction was used, and all patients managed at BSUTH with LF RT-PCR confirmed results from January 2018 to August 2023 were included in the study. A total of 179 patients tested for Lassa fever were retrieved and information on sociodemographic characteristics, clinical findings and laboratory investigation results were collected and entered in the case report form (CFR) for further analysis. Out of 179 suspected cases,62 patients were confirmed, 55 patients received their complete treatment at BSUTH while 7patients had incomplete treatment. The data of 55 patients were analysed using Statistical Package for the Social Science (SPSS) Version 23.
2.5.1      Data Collection
The clinical records of confirmed cases were used to extract information on age, sex, date of onset of symptoms, date patients were admitted, duration of symptoms to commencement of ribavirin, comorbidities, and outcome. We defined Ribavirin commencement as early, if it was started within 7 days of symptoms onset and as delayed if it was not. Suspected cases were defined as patients with symptoms but without a positive RT-PCR while confirmed (reverse transcription polymerase chain reaction or enzyme-linked immunosorbent assay confirmed patient infected with Lassa virus) as recorded and documented as results returned to the facility of confirmed cases from the samples sent to the NCDC approved Laboratory in Abuja, Data Collected based on Secondary data abstraction on all patients managed at BSUTH with LF RT-PCR confirmed results from January 2018 to March 2023. Information on sociodemographic characteristics, clinical examination findings and Laboratory investigation results was collected and entered in the case report form (CFR) for further analysis.
2.6 	STUDY INSTRUMENTS
1. Proforma
1. Lassa fever Records at BSUTH.
1. Lassa Fever RT-PCR confirmed record from Benue State University Teaching Hospital Isolation Centre.
2.7       DATA MANAGEMENT       
2.7.1     Data Entry.
 Data collected on the CRF were entered by trained data personnel and managed with SPSS database version 23. 
2.7.2      DATA STORAGE 
High-capacity laptops and external hard disks with large data storage capacities were used to store collected data. Robust Internet facilities enabled instant cloud storage of data to avoid data loss in the event of laptop or hard disk loss or damage. These backups allow quick and seamless recovery of stored data. Electricity Power backup, such as medium-sized generators, would also require data entry staff to keep the laptops to ensure uninterrupted data entry and storage.



2.8.	STATISTICAL ANALYSIS
The Statistical Package for Social Sciences (SPSS) version 23.0 was used in analyses of  data. Descriptive statistics were generated for each study variable, including frequencies and percentages for categorical variables and mean and standard deviation for continuous variables.  The prevalence of Lassa fever in BSUTH and the pattern of mortality among Lassa fever patients in BSUTH. The factors associated with mortality among Lassa fever patients in BSUTH and the case fatality rate among patients infected with Lassa fever. Chi-square was used to test the association between socio-demographics, the mortality pattern among Lassa fever patients in BSUTH, the factors associated with mortality among Lassa fever patients in BSUTH and the case fatality rate among patients infected with Lassa fever. Multivariable logistic regression was performed to identify variables predicting the mortality pattern among Lassa fever patients in BSUTH. Variables associated with a p-value <0.10 in the bivariate analysis were considered eligible for inclusion in the multiple logistic regression analysis.  An adjusted odds ratio estimated from logistic regression and a 95% confidence interval (CI) also measured the strength of association. The level of statistical significance was set at a p-value <0.05 in all the analyses.
 RESULTS
Table 1: Showing Socio-demographic characteristics of confirmed Lassa fever cases, February 2018 – March 2023, BSUTH (n=55)
	Socio-demographic variables
	Frequency
	Per cent

	Age (in years)
	
	

	<35
	26
	47.3

	≥35
	29
	52.7

	Mean age=34.65±12.31
	
	

	Sex
	
	

	Male
	29
	52.7

	Female
	26
	47.3

	Occupation (n=46)
	
	

	Student
	11
	23.9

	Civil Servant
	10
	21.7

	Farming
	8
	17.4

	Business
	5
	10.9

	Housewife
	4
	8.7

	Artisan
	4
	8.7

	Medical Doctor
	2
	4.3

	Retired
	1
	2.2

	Lab Scientists
	1
	2.2

	Marital Status
	
	

	Single
	21
	38.2

	Married
	33
	60.0

	Widowed
	1
	1.8

	Place of residence
	
	

	Urban
	41
	74.5

	Rural
	14
	25.5



179 patients were tested for Lassa fever, and 34.6% were positive for Lassa fever. However, records available for review were only 55 of these positive cases. The mean age was 34.65±12.31 years, ranging from 15 to 61 years.  Above half (52.7%) were aged ≥35 years and males, respectively. A greater percentage (23.9%) were students, closely followed by (21.7%) who were civil servants. Most (60.0%) were married, and (74.5%) resided in the urban area.
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Figure 1: Pie chart showing the cumulative case fatality rates of Lassa fever from February 2018 to March 2023, among patients managed at BSUTH

Figure 1 shows the case fatality rate: 5 patients died (case fatality rate [CRF] =9.1%) from February 2018 to March 2023.











 


Figure 2: Line chart showing case fatality rates of Lassa fever by year from 2018 to 2023

 The fatality rate went from 0.0% in 2018 and 2019 to 7.7% in 2020, came down to 0.0% in 2021, went up to 20.0% in 2020, and declined to 5.6% in 2023, respectively.
Table 2: Showing the relevant medical history among confirmed cases of Lassa fever February 2018 – March 2023, BSUTH (n=55)
	Variables
	Frequency
	Per cent

	History of contact with febrile patients within the last 21 days
	
	

	Yes
	8
	14.5

	No
	47
	85.5

	History of consumption of rats or poorly stored grains
	
	

	Yes
	7
	12.7

	No
	48
	87.3

	History of contact with a confirmed case of Lassa fever
	
	

	Yes
	6
	10.9

	No
	49
	89.1

	History of fever
	
	

	Yes
	53
	96.4

	No
	2
	3.6

	Anti-biotic administered
	
	

	Yes
	44
	80.0

	No
	11
	20.0

	History of diabetes mellitus
	
	

	Yes
	2
	3.6

	No
	53
	96.4

	History of Hypertension
	
	

	Yes
	9
	16.4

	No
	46
	83.6

	Duration of fever (n=53)
	
	

	<7 days
	16
	29.1

	≥7 days
	37
	67.3

	Anti-malaria administered (n=53)
	
	

	Yes
	42
	79.2

	No
	11
	20.8



Only 14.5% had contact with febrile patients within 21 days; 12.7% had consumed rat or poorly stored grains. Six (10.9%) had contact with a confirmed case of Lassa fever. A vast majority (96.4%) had a history of fever. Out of 53, 79.2% were administered anti-malaria. The majority (80.0%) were administered with antibiotics. Only (3.6%) cases of diabetes mellitus, (16.4%) had a history of hypertension




Table 3: Showing clinical manifestation of confirmed Lassa fever cases, February 2018 – March 2023, BSUTH (n=55)
	Variables
	Frequency
	Per cent

	Central Nervous System:
	
	

	Headache
	
	

	Yes
	51
	92.7

	No
	4
	7.3

	Seizures
	
	

	Yes
	3
	5.5

	No
	52
	94.5

	Restlessness
	
	

	Yes
	19
	34.5

	No
	36
	65.5

	Irrational behaviour
	
	

	Yes
	3
	5.5

	No
	52
	94.5

	Gastrointestinal system:
	
	

	Abdominal pain
	
	

	Yes
	46
	83.6

	No
	9
	16.4

	Diarrhoea
	
	

	Yes
	21
	38.2

	No
	34
	61.8

	Vomiting
	
	

	Yes
	33
	60.0

	No
	22
	40.0

	Jaundice
	
	

	Yes
	5
	9.1

	No
	50
	90.9

	Melena
	
	

	Yes
	15
	27.3

	No
	40
	72.7

	Haematochezia
	
	

	Yes
	7
	12.7

	No
	48
	87.3

	Respiratory system:
	
	

	Cough
	
	

	Yes
	30
	54.5

	No
	25
	45.5

	Dyspnoea	
	
	

	Yes
	16
	29.1

	No
	39
	70.9

	Urogenital system:
	
	

	Decreased urine volume
	
	

	Yes
	14
	25.5

	No
	41
	74.5

	Anuria
	
	

	Yes
	3
	5.5

	No
	52
	94.5

	Haematological system:
	
	

	Mucosa of Craniofacial sites
	
	

	Yes
	19
	34.5

	No
	36
	65.5



 A vast majority of patients had headaches, seizures and irrational behaviour (92.7%,5.5%, respectively. Also, one-third of the patients had restless, abdominal pains, diarrhoea, vomiting, jaundice, melena, haematochezia, cough, dyspnoea, decreased urine volume, anuria and craniofacial orifice. (34.5%, 83.6%, 38.2%,60%, 9.1%, 27.3%, 12.7%,54.5%, 29.1%, and 25.5%) respectively


Table 4: Showing baseline laboratory measurements among confirmed cases of Lassa Fever, February 2018 – March 2023, BSUTH (n=55)
	Variables
	Frequency
	Per cent

	Pack cell volume (PCV) (n=46)
	
	

	Normal
	16
	34.8

	Low
	30
	65.2

	Platelet count (n=39)
	
	

	Normal
	18
	46.2

	Low
	21
	53.8

	White blood cell (WBC) (n=40)
	
	

	Normal
	20
	50.0

	Elevated
	12
	30.0

	Low
	8
	20.0

	Urea (n=34)
	
	

	Normal
	21
	61.8

	Elevated
	13
	38.2

	Creatinine (n=37)
	
	

	Normal
	12
	32.4

	Elevated
	25
	67.6

	Proteinuria
	
	

	Yes
	35
	63.6

	No
	20
	36.4

	Haematuria
	
	

	Yes
	30
	54.5

	No
	25
	45.5

	RVST
	
	

	Yes
	3
	5.5

	No
	52
	94.5

	HBsAg
	
	

	Yes
	5
	9.1

	No
	50
	90.9

	Anti-HCV
	
	

	Yes
	1
	1.8

	No
	54
	98.2



 Nearly two-thirds of the patients had low PCV (65.2%) and low platelet count (53.8%. Also, half of the patients had normal White blood cell (50%). Most patients had normal urea levels (61.8%), while some had elevated creatinine (67.4%). Nearly two-thirds of the patients had proteinuria (63.6%) and had haematuria (53.8%). Only 5.5% of the patients were HIV positive, 9.1% were hepatitis B positive, and 1.8% were hepatitis C positive.




















Table 5: Showing the management of confirmed Lassa fever cases, February 2018 – March 2023, BSUTH (n=55)
	Variables
	Frequency
	Per cent

	Commencement of IV Ribavirin from the duration of symptoms
	
	

	<7 days
	18
	32.7

	≥7 days
	37
	67.3

	Blood transfusion
	
	

	Yes
	11
	20.0

	No
	44
	80.0

	Dialysis
	
	

	Yes
	7
	12.7

	No
	48
	87.3

	Duration of hospital stay
	
	

	<7 days
	15
	27.3

	≥7 days
	40
	72.7


 
Above two-thirds of the patients (67.3%) commenced IV Ribavirin for greater than or equal to seven days. Only 20.0% of the patients had a blood transfusion, and 12.7% had dialysis. Most (72.7%) of the patients had a hospital stay greater than or equal to seven days.

Table 6:  Showing Socio-demographic characteristics associated with death among confirmed Lassa fever cases, February 2018 – March 2023, BSUTH
	Variables
	Mortality
	Case Fatality Rate %
	Test statistics
χ2
	p-value

	
	Died
n=5
n(%)
	Alive
n=50
n(%)
	
	
	

	Age (in years)
	
	
	
	
	0.355f

	<35
	1(3.8)
	25(96.2)
	3.8
	
	

	≥35
	4(13.8)
	25(86.2)
	13.8
	
	

	Sex
	
	
	
	
	

	Male
	5(17.2)
	24(82.8)
	17.2
	
	

	Female
	0(0.0)
	26(100.0)
	0.0
	
	

	Occupation
	
	
	
	Fisher’s exact=10.85
	0.131

	Farming
	2(25.0)
	6(75.0)
	25.0
	
	

	Student
	0(0.0)
	11(100.0)
	0.0
	
	

	Civil Servant
	0(0.0)
	10(100.0)
	0.0
	
	

	Business
	0(0.0)
	5(100.0)
	0.0
	
	

	Housewife
	0(0.0)
	4(100.0)
	0.0
	
	

	Artisan
	0(0.0)
	4(100.0)
	0.0
	
	

	Retired
	0(0.0)
	1(0.0)
	0.0
	
	

	Medical Doctor
	1(50.0)
	1(50.0)
	50.0
	
	

	Lab Scientists
	0(0.0)
	1(0.0)
	0.0
	
	

	Marital Status
	
	
	
	Fisher’s exact=1.57
	0.671

	Single
	1(4.8)
	20(95.2)
	4.8
	
	

	Married
	4(12.1)
	29(87.1)
	12.1
	
	

	Widowed
	0(0.0)
	1(100.0)
	0.0
	
	

	Place of residence
	
	
	
	
	0.098f

	Urban
	2(4.9)
	39(95.1)
	4.9
	
	

	Rural
	3(21.4)
	11(78.6)
	21.4
	
	


Fisher's exact reported
There were more deaths among males (17.2%) than among females (0.0%). The results also revealed death among farmers (25.0%), medical doctors (50.0%), married patients (12.1%), and residents in the rural area (21.4%) compared to the patients (4.9%) who were in the urban area. However, this association was not statistically significant (p>0.098).

Table 7: Showing medical history associated with death among confirmed Lassa fever cases, February 2018 – March 2023, BSUTH
	Variables
	Mortality
	Case Fatality Rate %
	Test statistics
χ2
	p-value

	
	Died
n=5
n (%)
	Alive
n=50
n (%)
	
	
	

	History of contact with febrile patients within the last 21 days
	
	
	
	
	0.559f

	Yes
	1(12.5)
	7(87.5)
	12.5
	
	

	No
	4(8.5)
	43(91.5)
	8.5
	
	

	History of consumption of rats or poorly stored grains
	
	
	
	
	1.000f

	Yes
	0(0.0)
	7(100.0)
	0.0
	
	

	No
	5(10.4)
	43(89.6)
	10.4
	
	

	History of contact with a confirmed case of Lassa fever
	
	
	
	
	0.452 f

	Yes
	1(16.7)
	5(83.3)
	16.7
	
	

	No
	4(8.2)
	45(91.8)
	8.2
	
	

	History of fever
	
	
	
	
	0.040*#

	Yes
	4(7.5)
	49(92.5)
	7.5
	
	

	No
	1(50.0)
	1(50.0)
	50.0
	
	

	Duration of fever 
	
	
	
	
	0.303 f

	<7 days
	0(0.0)
	16(100.0)
	0.0
	
	

	≥7 days
	4(10.8)
	33(89.2)
	10.8
	
	

	Anti-malaria administered
	
	
	
	
	0.569 f

	Yes
	4(9.5)
	38(90.5)
	9.5
	
	

	No
	0(0.0)
	11(100.0)
	0.0
	
	

	Anti-biotic administered
	
	
	
	
	0259 f

	Yes
	3(6.8)
	41(93.2)
	6.8
	
	

	No
	2(18.2)
	9(81.8)
	18.2
	
	

	History of diabetes mellitus
	
	
	
	
	1.000 f

	Yes
	0(0.0)
	2(100.0)
	0.0
	
	

	No
	5(9.4)
	48(90.6)
	9.4
	
	

	History of Hypertension
	
	
	
	
	0.578 f

	Yes
	0(0.0)
	9(100.0)
	0.0
	
	

	No
	5(10.9)
	41(89.1)
	10.9
	
	


*=Statistically significant; #=Eligible for logistic regression
A higher mortality was recorded based on the following factors: contact with febrile patients (16.7%) (p>0.05), contact with a confirmed case of Lassa fever. (16.7%) and the association was statistically significant (p>0.05), among those who had fever ≥ 7 days (10.8%), among those who were administered anti-malaria (9.5%) (p>0.05), those who did not receive antibiotic (18.2%), among those who were not diabetic (9.4%) and those who were not hypertensive (10.9%), (p>0.05). Respectively.

Table 8: Showing Clinical manifestation characteristics associated with death among confirmed Lassa fever cases, February 2018 – March 2023, BSUTH
	Variables
	Mortality
	Case Fatality Rate %
	Test statistics
χ2
	p-value

	
	Died
n=5
n (%)
	Alive
n=50
n (%)
	
	
	

	Headache
	
	
	
	
	1.000f

	Yes
	5(9.8)
	46(90.2)
	9.8
	
	

	No
	0(0.0)
	4(100.0)
	0.0
	
	

	Seizures
	
	
	
	
	0.253 f

	Yes
	1(33.3)
	2(66.7)
	33.3
	
	

	No
	4(7.7)
	48(92.3)
	7.7
	
	

	Restlessness
	
	
	
	
	0.327 f

	Yes
	3(15.8)
	16(84.2)
	15.8
	
	

	No
	2(5.6)
	34(94.4)
	5.6
	
	

	Irrational behaviour
	
	
	
	
	0.253 f

	Yes
	1(33.3)
	2(66.7)
	33.3
	
	

	No
	4(7.7)
	48(92.3)
	7.7
	
	

	Abdominal pain
	
	
	
	
	0.578 f

	Yes
	5(10.9)
	41(89.1)
	10.9
	
	

	No
	0(0.0)
	9(100.0)
	0.0
	
	

	Diarrhoea
	
	
	
	
	0.064 f

	Yes
	4(19.0)
	17(81.0)
	19.0
	
	

	No
	1(2.9)
	33(97.1)
	2.9
	
	

	Vomiting
	
	
	
	
	0.638 f

	Yes
	4(12.1)
	29(87.9)
	12.1
	
	

	No
	1(4.5)
	21(95.5)
	4.5
	
	

	Jaundice
	
	
	
	
	0.004*#f

	Yes
	3(60.0)
	2(40.0)
	60.0
	
	

	No
	2(4.0)
	48(96.0)
	4.0
	
	

	Melena
	
	
	
	
	1.000 f

	Yes
	1(6.7)
	14(93.3)
	6.7
	
	

	No
	4(10.0)
	36(90.0)
	10.0
	
	

	Haematochezia
	
	
	
	
	0.508 f

	Yes
	1(14.3)
	6(85.7)
	14.3
	
	

	No
	4(8.3)
	44(91.7)
	8.3
	
	

	Cough
	
	
	
	
	1.000 f

	Yes
	3(10.0)
	27(90.0)
	10.0
	
	

	No
	2(8.0)
	23(92.0)
	8.0
	
	

	Dyspnoea
	
	
	
	
	1.000 f

	Yes
	1(6.3)
	15(93.8)
	6.3
	
	

	No
	4(10.3)
	35(89.7)
	10.3
	
	

	Decreased urine volume
	
	
	
	
	0.012*#f

	Yes
	4(28.6)
	10(71.4)
	28.6
	
	

	No
	1(2.4)
	40(97.6)
	2.4
	
	

	Anuria
	
	
	
	
	1.000 f

	Yes
	0(0.0)
	3(100.0)
	0.0
	
	

	No
	5(9.6)
	47(90.4)
	9.6
	
	

	Mucosal of craniofacial sites
	
	
	
	
	0.043*#f

	Yes
	4(21.1)
	15(78.9)
	21.1
	
	

	No
	1(2.8)
	35(97.2)
	2.8
	
	


*=Statistically significant; f= fishers exact reported; #=eligible for logistic regression 
 A significantly higher proportion of patients (19.0%) who had diarrhoea died, and a substantially higher proportion of patients (60.0%) who had jaundice died. Death was also higher among those who had decreased urine volume (28.6%). This was statistically significant (p<0.003). Similarly, death was higher among those who had a bleeding on mucosal of craniofacial sites (21.1. This was statistically significant (p<0.025).




Table 9: Showing baseline laboratory measurements associated with death among confirmed Lassa fever cases, February 2018 – March 2023, BSUTH
	Variables
	Mortality
	Case Fatality Rate %
	Test statistics
χ2
	p-value

	
	Died
n=5
n (%)
	Alive
n=50
n (%)
	
	
	

	Pack cell volume (PCV) 
	
	
	
	
	1.000f

	Normal
	2(12.5)
	14(87.5)
	12.5
	
	

	Low
	3(10.0)
	27(90.0)
	10.0
	
	

	Platelet count 
	
	
	
	
	0.318 f

	Normal
	3(16.7)
	15(83.3)
	16.7
	
	

	Low
	1(4.8)
	20(95.2)
	4.8
	
	

	White blood cell (WBC)
	
	
	
	Fisher’s exact=1.24
	0.651

	Normal
	2(10.0)
	18(90.0)
	10.0
	
	

	Elevated
	2(16.7)
	10(83.3)
	16.7
	
	

	Low
	0(0.0)
	8(100.0)
	0.0
	
	

	Urea
	
	
	
	
	0.627 f

	Normal
	2(9.5)
	19(90.5)
	9.5
	
	

	Elevated
	2(15.4)
	11(84.6)
	15.4
	
	

	Creatinine
	
	
	
	
	1.000 f

	Normal
	1(8.3)
	11(91.7)
	8.3
	
	

	Elevated
	3(12.0)
	22(88.0)
	12.0
	
	

	Proteinuria
	
	
	
	
	0.643 f

	Yes
	4(11.4)
	31(88.6)
	11.4
	
	

	No
	1(5.0)
	19(95.0)
	5.0
	
	

	Haematuria
	
	
	
	
	0.362 f

	Yes
	4(13.3)
	26(86.7)
	13.3
	
	

	No
	1(4.0)
	24(96.0)
	4.0
	
	

	RVST
	
	
	
	
	1.000 f

	Yes
	0(0.0)
	3(100.0)
	0.0
	
	

	No
	5(9.6)
	47(90.4)
	9.6
	
	

	HBsAg
	
	
	
	
	1.000 f

	Yes
	0(0.0)
	5(100.0)
	0.0
	
	

	No
	5(10.0)
	45(90.0)
	10.0
	
	

	Anti-HCV
	
	
	
	
	1.000 f

	Yes
	0(0.0)
	1(100.0)
	0.0
	
	

	No
	5(9.3)
	49(90.7)
	9.3
	
	



 A higher proportion (16.7%) had a normal platelet count than (4.8%) had a low platelet count. Death was higher among those who had elevated WBC (16.7%) (p>0.05), among those who had elevated Urea and Creatinine (15.4%) and (12.0%) (p>0.05), and among those who had Proteinuria and Haematuria (11.4%) and (13.3%) (p>0.05).


Table 10: Showing the Management of Lassa fever cases associated with death among confirmed Lassa fever cases, February 2018 – March 2023, BSUTH
	Variables
	Mortality
	Case Fatality Rate %
	Test statistics
χ2
	p-value

	
	Died
n=5
n (%)
	Alive
n=50
n (%)
	
	
	

	Commencement of IV Ribavirin from the duration of symptoms
	
	
	
	
	0.160f

	<7 days
	0(0.0)
	18(100.0)
	0.0
	
	

	≥7 days
	5(13.5)
	32(86.5)
	13.5
	
	

	Blood transfusion
	
	
	
	
	1.000f

	Yes
	1(9.1)
	10(90.9)
	9.1
	
	

	No
	4(9.1)
	40(90.9)
	9.1
	
	

	Dialysis
	
	
	
	
	0.508 f

	Yes
	1(14.3)
	6(85.7)
	14.3
	
	

	No
	4(8.3)
	44(91.7)
	8.3
	
	

	Duration of hospital stay
	
	
	
	
	1.000 f

	<7 days
	1(6.7)
	14(93.3)
	6.7
	
	

	≥7 days
	4(10.0)
	36(90.0)
	10.0
	
	



 Death was higher among those who commenced IV Ribavirin ≥7 days (13.5%) compared to 0(0.0% those who commenced <7 days. This was not statistically significant (p>0.05). There was no difference in the death rate between those who had a blood transfusion (9.1%) and those who did not (9.1%) (p>0.05). Death was higher among those who had dialysis (14.3%) compared to 4(8.3%) who did not have dialysis. This was not statistically significant (p>0.05). Death was higher among those who stayed in the hospital for ≥7 days (10.0%) compared to (6.7%) of those who remained in the hospital for <7 days (p>0.05).


Table 11: Showing the Multivariate logistic regression of independent variables predicting death among confirmed Lassa fever cases, February 2018 – March 2023, BSUTH

	Variables
	Adjusted odds ratio
(a)
	95% confidence interval (CI)
	p-value

	
	
	Lower
	Upper
	

	History of fever
	
	
	
	

	Yes
	0.00
	0.000
	-
	0.997

	No
	Reference
	
	
	

	Diarrhoea
	
	
	
	

	Yes
	0.71
	0.015
	33.754
	0.863

	No
	Reference
	
	
	

	Jaundice
	
	
	
	

	Yes
	23.32
	0.319
	1705.13
	0.150

	No
	Reference
	
	
	

	Decreased urine volume
	
	
	
	

	Yes
	224970299.521
	0.000
	-
	0.997

	No
	Reference
	
	
	

	Mucosa of craniofacial sites
	
	
	
	

	Yes
	7.80
	0.347
	175.446
	0.196

	No
	Reference
	
	
	


Note: *p<0.05, Omnibus goodness of fit test: χ2 =21.636, df=5, p<0.001; Hosmer-Lemeshow test: χ2 = 0.803, df = 5, p =0.977, Nagelkerke R2=0.713


A logistic regression was performed to ascertain the predictors of death among confirmed Lassa fever cases from February 2018 to March 2023 at BSUTH. Variables that were eligible to be entered into the logistic regression model were those that were significant at p<0.05 in bivariate analysis. The logistic regression model was statistically significant (χ2(5) = 21.636, p <0.001). The model explained 71.3% (Nagelkerke R2) of the variance in death and correctly classified 94.5% of cases. Patients who had jaundice, decreased urine volume and bleeding on the mucosa of craniofacial sites were 23.32, 224970299.521 and 7.80 times more likely to die
























DISCUSSIONS
The mean age of the confirmed LF patients attending BSUTH was 34.65±12.31 years, ranging from 15 to 61 years. The above half (52.7%) were aged ≥ 35 years. This is the same with the study of Olayinka et al. (2021) on the analysis of sociodemographic and clinical factors associated with LF disease and mortality in Nigeria, which reveals the increase in LF severity and death with age. (Aanuluwapo and Olayinka,2022) This could be explained by the fact that this age group was more active and tended to contribute to the country’s workforce. They are more involved in farming and trading, thus have more human-to-human transmission. Also, more than half of the patients affected by LF were male, which was also associated with higher mortality. This could be that male folks were involved in many activities that expose them to LF infection, such as farming, business, health care workers, etc., compared to females. There was also some common knowledge that men have poor health-seeking behaviour, which made them present with disease conditions at an advanced stage. However, there were marked deviations from the study of Shehu et al. (2018) on the LF in the 2016 outbreak in Plateau State, Nigeria, which demonstrated that females (52%) were more affected than males (48%).  Also, the findings of this research showed a greater percentage of infected LF patients (74.5%) with residence in urban areas, which is an epidemiological drift in the occurrence of LF, which was dominantly in rural residential areas. This study differs from a study organized by Isa-Samuel et al (2013), where most of the patients affected by LF resided in rural rather than urban areas. (Isa-Samuel et al.,2013) Another explanation for rural-urban drift would be that this study was hospital-based, and BSUTH was located in the state capital with comparatively improved surveillance on LF cases. Again, the challenges of misdiagnoses, lack of functional laboratory, and lack of the wherewithal to seek health care professionals in the rural settlements may lead to the rural-urban drift recorded in this research work. It also contradicts a study in Guinea by Kernelis et al (2009) that recorded a higher prevalence of LF IgG (12.9%) (10.8%-15%) in rural areas than in urban areas (10.0%) (8.1-11.9%). (Kernelis et al.,2009) This could be explained in relation to the abundance of natural host M. natalensis in rural settings.  This study showed that most patients resided in urban areas with a relative abundance of the natural host, coupled with poor sanitation and crowdedness, which may have predisposed individuals to LF. (Richmond and Baglole 2003) Furthermore, a total of 179 patients were tested for LF from February 2018 to March 2023 at BSUTH, and out of 179, 62(34%) tested positive for LF, while 117(65.4%) tested negative or had no result returned. This showed that the LF virus is endemic in Benue State, North-central Nigeria. This finding is like the study of Nwafor et al. (2020) on the prevalence and outcome of LF among hospitalized patients in Ebonyi State, Nigeria, from 2018-2019, where 113 out of 400 patients tested positive with a prevalence of 25%. (Nwafor et al.,2020) 
The incidence of the LF virus was 5.1% in Benue State, North central Nigeria which was lower when compared to the findings of Izah et al. (2022) on LF in Nigeria: Social and ecological risk factors encouraging transmission and sustainable management strategies in Edo State (42%), Ondo State (34%) and Bauchi State (8%) which have LF incidence higher than Benue State. The recorded higher incidence of LF in these States could be because of social and ecological factors that contribute to the spread of LF within these areas, such as favorable climatic and weather conditions, afforestation, hunting and consumption of rodents, poor environmental hygiene, poor food handling and storage, and waste disposal. (Sylvester et al., 2022) 
The pattern of mortality of LF patients in BSUTH shows that death was higher in patients older than ≥35 years of age (13.8%). The study was like that of Olayinka et al. (2022) on analysis of social demographic and clinical factors associated with LF diseases and mortality in Nigeria, which showed that death from LF cases occurs more in Children and adults (Olayinka et al., 2022). The reasons were attributed to increasing age being directly proportional to the occurrence of comorbidities and diminishing ability to elicit an adaptive immune response to pathogens, with consequent succumbing to adverse clinical outcomes such as death. However, higher percentages of patient deaths occurred among farmers in this study. The State was known as the nation's food basket; most residents are farmers, often engaging in subsistent farming that air-dried their farm products in an open space, especially on roadsides, which encourages the contamination of food items by rodent reservoir hosts of LF.  The findings contradict the report of the study by Agboeze et al. (2019) on the clinical profile of LF patients in Abakiliki, Southeastern Nigeria, where most people affected by LF were engaged in business activities. (Joseph et al., 2019) 
The factors associated with the high mortality of LF patients at BSUTH were similar to the findings of Olayinka et al. (2022), who reported that age, sex, and type of occupation are associated with high mortality of LF cases. (Olayinka et al., 2022) Also, McCormick et al. (2020) found that a combination of fever, gastrointestinal disorder, vomiting, general systemic disorders, and other general clinical manifestations is associated with high mortality among LF patients attending tertiary hospitals. (McCormick et al.,2020) Other factors associated with high mortality in LF cases included low packed cell volume (10.5%), elevated white blood cell (16.2%), elevated Urea (15.4%), elevated creatinine (12%), elevated proteinuria (11.4%), hematuria (13.3%), etc. These findings align with those factors that cause high mortality in LF patients, as more deaths are recorded in LF patients who have Kidney failure, liver failure, etc. Also supported by the report of the following authors (Biban et al.,2012, Bulatova et al.,2020, Akpede et al.,2019, Okokhave et al., 2018). 
 In the case fatality report, the case fatality rate (CFR) of LF from February 2018 to March 2023 at BSUTH is 9.1%. Compared to fluctuating CFR over the years in Nigeria of 7.7% in 2020, 0.0% in 2020, 20% in 2022, and 5.6% in 2023. This could be because of improvements in early diagnosis of LF cases, awareness of LF, surveillance and contact tracing of patients during LF outbreaks, availability of medications, and the possibility of improved clinical acumen of the attending physicians. The case fatality rate of this study is a disparity with the report of Yaro et al (2021), in which 100% of LF were recorded in 2018, 62.5% in 2019, and 23.3% in 2020. (Yaro et al.,2021)
 At multivariate logistic regression levels, the variables demonstrated that LF patients who had jaundice, decreased urine volume, and craniofacial orifice were 23.32, 224970299.521, and 7-80 times more likely to die. This is not statistically significant (P>0.05), respectively.  
CONCLUSION
In conclusion, the study showed that LF was endemic in Benue State, North Central region, and established a relationship between demographic profile and clinical manifestation among confirmed cases of LF in BSUTH and death, with an observed epidemiologic drift. 
The study also revealed the most common social demographic profile, clinical manifestation, and biological factors that cause high mortality among LF patients attending BSUTH, including age greater than 35 years, Sex (male), farming activities, seizure, jaundice, diarrhea, decreased urine volume, and kidney failure.
Recommendation
1. The one health approach must be emphasized to address the Lassa fever epidemic and provide context-specific evidence for improving LF outbreak preparedness and responses, as well as pointers to its clinical case management in Benue State. 
1. Healthcare professionals must be adequately educated on developing a high index of suspicion, prompt patient management, and effective Infection Prevention and control protocols during outbreaks.
1. The general public must be educated on the danger of eating rats, which are carriers of the Lassa fever virus.
1. Further studies on genome sequencing of rodents in various locations should be conducted to identify the association with mortality, as the mortality in Benue State was found to be very serious.
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