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Abstract  

Introduction: the diagnosis of Lassa fever is crucial to confirm cases, as well as to control/prevent nosocomial and community-based transmission 

and initiation of treatment, which is still limited in the country. Thus, we aimed at providing some information on the laboratory detection of Lassa 

from suspected cases in Nigeria. Methods: this was a retrospective study of seasonal Lassa fever outbreaks data from 1,263 samples analyzed using 

Reverse Transcription-Polymerase Chain Reaction (RT-PCR) at the Virology Research Laboratory, College of Medicine, University of Lagos/Lagos 

University Teaching Hospital between year 2011 and 2017. Data were analyzed using the 21st edition of SPSS statistical software (2015). Results: the 

RT-PCR test confirmed the presence of Lassa in 112 (8.9%) comprising 61 (54.4%) males, 48 (42.9%) females and 3 (2.7%) individuals without 

gender information. Those aged between 18 and 49 years were mostly affected. There was a decline in the detection of Lassa from 4.7% in 

2011/2012 to less than 1% by the 2014/2015. However, during the 2015/2016 and 2016/2017 seasons the detection rates increased to 10.4% and 

15.1% respectively. The Northern region of Nigeria reported high confirmed cases of Lassa. The South Western region also witnessed an increased 

Lassa fever positivity rate of 13.4% of which Lagos and Ogun states being the focal state of Lassa activity in the region. Conclusion: these 

established the need for heightening the continued surveillance for Lassa as well as the establishment of other testing facilities within these endemic 

regions for prompt diagnosis of Lassa fever. 
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Introduction 

 

Lassa virus (LASV), a member of the family; Arenaviridae is the 

causative agent of Lassa fever (LF), or Lassa hemorrhagic fever which 

is characterized by a common acute and often fatal febrile syndrome 

endemic to West Africa [1-4]. Lassa fever, an infectious illness is 

estimated to affect 150,000 to 300,000 people in West Africa causing 

up to 5,000 deaths per year and is associated with significant 

morbidity and mortality [3-5]. However, sero-epidemiologic survey 

had suggested that the number of cases might be much higher, 

reaching 3 million cases and 67,000 fatalities per year [6]. Overall, 

the population at risk might include as many as 200 million persons 

living in a large strip of West Africa from Senegal to Nigeria and 

beyond [7]. Lassa fever differs from most viral haemorrhagic fevers 

(VHFs) in that it is endemic to a large geographic area of sub-Saharan 

Africa. Human cases of LF have been reported in (or imported from) 

Guinea, Sierra Leone, Liberia, Mali, Burkina Faso, and Nigeria; 

however, LF outbreaks seem to be restricted to Guinea, Sierra Leone, 

Liberia (the Mano River Union region), and Nigeria [2,7-9]. The 

Multimammate rat Mastomys natalensis, discovered in 1974 as a 

natural host and reservoir of lassa virus (LASV) is a commensal rodent 

ubiquitous in Africa [2,3,10-12]. However, other reservoirs such as 

Hylomyscus pamfi and Mastomys erythroleucus had also been 

discovered to harbor Lassa [3]. Although the routes of LASV infection 

are poorly characterized and the actual burden of the disease still not 

fully determined, humans probably get infected by eating 

contaminated food [13], by inhaling virus-contaminated 

aerosols [14], or while butchering infected rat meat [15]. Person-to-

person transmission of LASV is well documented, mostly in the form 

of nosocomial outbreaks [13]. Presently, there is no licensed vaccine 

or immunotherapy available for prevention or treatment of this 

disease. International transportation to and from Africa had increased 

dramatically in the last decade, further increasing the risk for 

infectious disease exportation from endemic areas [16,17]. Unlike the 

rare outbreaks of Ebola Virus Disease (EVD), LF cases in sub-Saharan 

Africa are common and occur annually, therefore posing a continuous 

theoretical threat to other parts of Africa and the world at large. 

  

In West Africa, since Lassa fever presents with signs and symptoms 

related to numerous other febrile endemic diseases such as malaria, 

dengue, influenza and yellow fever, differentiating between the 

agents of these illnesses remains a major challenge [18]. More often 

than not, non-specific treatment for malaria or bacterial infection are 

instituted, while Lassa fever is only suspected when a patient fails to 

improve with antimalarial and antibiotic therapy. Therefore, 

laboratory testing is needed to confirm the diagnosis [19]. Reliable 

laboratory diagnosis is crucial for the control and prevention of 

nosocomial and community-based transmission, as well as the 

initiation of ribavirin treatment. Various techniques are available for 

the diagnosis of Lassa fever, which includes viral culture, antigen and 

antibody detection assays and nucleic acid detection methods. 

Although, viral culture is the "gold standard" for diagnosis, its use is 

limited by the non-availability of a Biosafety level 4 (BSL-4) facility, 

the amount of monetary investment and time involved for such 

testing to be performed [18]. Antigen and antibody detection assays 

may provide a rapid diagnosis, but there is a high degree of false 

positive results once the antigenemia period has resolved in most 

patients [18]. Thus, nucleic acid-based assays such as the Reverse 

Transcriptase Polymerase Chain Reaction (RT-PCR) remains the 

available diagnostic method, which could be carried out using 

specimens that has been inactivated in a glove box and analyzed 

under Biosafety Level 2 (BSL-2) facilities [17,18]. In Nigeria, the 

availability of Lassa virus Reverse Transcriptase Polymerase Chain 

Reaction (RT-PCR) testing at the then Virology Unit Laboratory, 

College of Medicine of the University of Lagos (CMUL) since the early 

2000s heralded the diagnosis and confirmation of Lassa Fever cases 

in various parts of the country [20,21]. However, only few 

laboratories have the capacity of diagnosing Lassa fever in the 

country, resulting in delays in diagnosis. The need for sample 

transportation from different parts of the country to only few 

laboratories which have the capacity to diagnose this infection is a 

major factor contributing to the delay in the diagnosis of Lassa fever. 

This diagnostic delay leads to delayed patient isolation, an increased 

potential for transmission to health care workers and family members, 

and delayed initiation of ribavirin therapy, thereby decreasing its 

beneficial effect [18]. Poor sample storage, transportation and 

handling may pose a safety hazard to the personnel involved in the 

sample movements, the laboratory staff and could also affect the 

integrity of the sample, thus decreasing the sensitivity of diagnostic 

assays. Ideally, a diagnostic assay would not only detect Lassa virus 

infection but would also screen for multiple other pathogens with 

similar clinical presentations endemic in West Africa such as yellow 

fever and dengue virus at the same time as practised in our laboratory 

in Lagos. Data on the laboratory diagnostic pattern using RT-PCR are 

limited in Nigeria, thus we aimed at providing information on the 

laboratory detection of Lassa virus in Nigeria. 
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Methods 

 

This was a retrospective cross-sectional analysis of 1,263 seasonal 

Lassa fever outbreaks samples from various states of the six 

geographic regions of Nigeria between years 2011 to 2017 submitted 

for Lassa Virus (LASV) RNA detection at the one of the National/ West 

African Health Organization (WAHO) Reference Laboratory for Viral 

Hemorrhagic Fevers and WHO Afro Reference Laboratory for Ebola 

Virus Disease in Lagos, Nigeria. All human blood samples were 

transported and received during the 7 years period using triple level 

packaging at the Virology Research Laboratory, Centre for Human 

and Zoonotic Virology (CHAZVY), College of Medicine of the University 

of Lagos/Lagos University Teaching Hospital. No ethics approval was 

obtained as the study was a diagnostic service evaluation. All data 

collated and presented in this manuscript were coded and treated 

with anonymity to protect the confidentiality of individuals with 

suspected cases of Lassa. All data and information were part of the 

routine surveillance during disease outbreaks for the identification of 

an infectious agent of public health concerns. All human blood 

samples were handled using personal protective equipment as 

recommended by the Centre for Disease Control and Prevention 

(CDC) [22] and were analyzed using Reverse Transcription-

Polymerase Chain Reaction (RT-PCR) using specific primers for the 

segments of the s-gene of the Lassa virus, the 3’ non-coding region 

of the Dengue virus and the 5’ non-coding region of Yellow fever virus 

using an air tight glove box in a Biosafety Level-2 (BSL-2) facility. All 

data generated were evaluated and analyzed using the 21st edition of 

SPSS statistical software. 

  

  

Results 

  

A total of 1,263 human blood samples comprising 43.4% males, 

38.2% females and 18.4% without gender information were analyzed 

and evaluated in this study. The distribution of states that sent 

samples to facility revealed a gradual decrease in the number of 

states sending samples from an initial 15 states during the 2011-2012 

outbreak to 4 states during the 2014-2015 outbreak (Figure 1). 

However, during the 2015-2016 and 2016-2017 Lassa outbreaks, 

there was an increase to 21 and 19 states respectively as shown 

in Figure 1. The RT-PCR test confirmed the presence of Lassa virus 

RNA in 112 (8.9%) individuals throughout the study period 

comprising 61 (54.4%) males, 48 (42.9%) females and 3 (2.7%) 

individuals without gender information without significance difference 

(p<0.05). All ages from less than 1 year to above 65 years were 

involved in the detected cases of Lassa. However, those aged 

between 18 and 49 years were the mostly affected that cuts across 

the years. There was a decline in the trend of lassa incidence from 

4.7% in 2011/2012 to less than 1% by the 2014/2015, however, the 

country witnessed a resurgence of Lassa outbreaks from the 

2015/2016 and 2016/2017 seasons with incidence rates of 10.4% and 

15.1% respectively (Figure 2). Unlike before where RT-PCR 

confirmed Lassa positive cases were detected from few states, 

detection of Lassa was reported in more states during the 2015/2016 

outbreak season in Nigeria. Confirmed Lassa RT-PCR positive cases 

were reported from 13 (61.9%) states (Kano, Abuja, Ekiti, Lagos, 

Ogun, Taraba, Rivers, Plateau, Gombe, Niger, Kogi, Katsina and 

Osun) out of the 21 states with suspected cases from the available 

data from our facility during the 2015/2016 outbreak season. While, 

Lassa activity was confirmed in 7 (36.8%) states (Kano, Ogun, 

Taraba, Rivers, Borno, Plateau and Gombe) of the 19 states with 

suspected cases during the 2016/2017 outbreak season sent to our 

facility. The Northern region of Nigeria has the highest number of 

suspected and confirmed cases of Lassa activities (Figure 3, Figure 

4). However, the South Western region also witnessed an increased 

Lassa fever positivity rate of 13.4% of which Lagos and Ogun being 

the focal states of Lassa activity in the region (Figure 3, Figure 4). 

  

  

Discussion 

  

Despite growing interest in Lassa fever, our knowledge of its actual 

incidence, burden, ecology, epidemiology and distribution of Lassa 

virus in West Africa is limited. The data in this study shows that Lassa 

fever cases are being detected in more states in Nigeria, which 

suggests that the infection is much more common than previously 

recognized as documented in this study [2]. Our study shows that the 

increase in LASV detection in one of the three LSV diagnostic centres 

in the country during this period indicates the changing geographic 

distribution of Lassa fever in Nigeria. The geographic location of the 

reservoirs and human cases within the country remains a major issue 

in determining the actual incidence and burden of LF as humans can 

move large distances after exposure before disease is detected. Other 

confounding factors that may affect the geographic distribution which 

also complicate diagnosis includes; the fairly elongated incubation 

period and non-specific clinical presentation very similar to other 

common and endemic African diseases; possible importation of LF 
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from the states, countries and regions endemic for LF to other places 

not originally known for Lassa activity and the demonstrated evidence 

that there are other rodent reservoirs of LASV within the West African 

sub-region requires further evaluations [3,4,23-28]. The increasing 

detection patterns of LF as documented in this study was similar to 

the notable increase in suspected and confirmed LF outbreaks across 

a growing area in the West African sub-region. Regional 

environmental changes particularly in Nigeria may have impacted LF 

ecology and epidemiology in several ways. Nigeria and other West 

African countries have experienced profound environmental, 

socioeconomic and demographic shifts in recent decades, including 

population growth, land use change (including deforestation, mining 

and commercial agricultural expansion), bush-meat extraction, 

urbanization and growing transport connectivity [28,29]. The region 

has also been forecasted to experience strong climate change effects, 

impacting crop yields alongside other important ecosystem 

services [30]. Such anthropogenic processes are thought to be major 

drivers of zoonotic and vector-borne diseases [31]. Thus, proper 

sensitization of the community on the modes of transmission and 

preventive measures should be implemented to reduce burden of 

disease. Adequate training and retraining of healthcare workers are 

urgently required. Establishing well-equipped clinic, laboratories and 

research centres would help in the prompt containment, diagnosis 

and treatment of Lassa fever. These established the need for 

heightening the continued surveillance for Lassa in our environment. 

  

  

Conclusion 

 

The findings from this study attest to the changing geographic 

distributions and spread of Lassa fever in the country. The actual 

picture of the disease's true incidence and distribution in Nigeria and 

the West African region, with consequences for surveillance, 

diagnosis, treatment and disease management still needs to be 

elucidated. Laboratory capacity for the diagnosis and identification of 

geographical variation and genetic correlates of LASV strain in all the 

geo-political regions of Nigeria is hereby emphasized. 

  

What is known about this topic 

 The diagnosis of Lassa fever which presents with signs and 

symptoms related to other febrile endemic diseases 

remains a major challenge in a resource limited setting like 

Nigeria; 

 The nucleic acid-based assay; Reverse Transcription-

Polymerase Chain Reaction (RT-PCR) remains the available 

diagnostic method; 

 Prompt analysis and return of test results within specified 

test turn-around time (TAT) had greatly influenced the 

outcomes of Lassa fever cases in Nigeria. 

What this study adds 

 Data presented here confirmed the resurgence of Lassa 

fever epidemic since the 2015-2016 outbreaks till date; 

 This study highlights the changing geographic distributions 

of Lassa fever outbreaks in Nigeria with increasing numbers 

of states involved; 

 The study also brings to light the need for the 

establishment of other testing facilities within the endemic 

regions for prompt diagnosis of Lassa fever in the country. 
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Figures  

 

Figure 1: number of states that sent samples to the virology unit, 

CRL by seasons 
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Figure 2: percentage sample volume and percentage positive 

detected cases across outbreak seasons 

Figure 3: sample volume and positive cases in the geographic 

regions of Nigeria 

Figure 4: distribution of Lassa fever confirmed cases in Nigeria 

  

  

References 

 

1. Branco LM, Grove JN, Boisen ML, Shaffer JG, Goba A, Fullah M et 

al. Emerging trends in lassa fever: redefining the role of 

immunoglobulin M and inflammation in diagnosing acute 

infection. Virol J. 2011;8(1):478. PubMed | Google Scholar 

 

2. Leski TA, Stockelman MG, Moses LM, Park M, Stenger DA, 

Ansumana R et al. Sequence Variability and Geographic 

Distribution of Lassa Virus, Sierra Leone. Emerg Infect Dis. 

2015;21(4):609-18. PubMed | Google Scholar 

 

3. Olayemi A, Cadar D, Magassouba N, Obadare A, Kourouma F, 

Oyeyiola A, Fasogbon S, Igbokwe J, Rieger T, Bockholt S, 

Jérôme H, Schmidt-Chanasit J, Garigliany M, Lorenzen S, 

Igbahenah F, Fichet J, Ortsega D, Omilabu S, Günther S and 

Fichet-Calvet E. New Hosts of the Lassa Virus. Sci Rep. 

2016;6(75):25280. PubMed | Google Scholar 

 

4. Brosh-Nissimov T. Lassa fever: another threat from West Africa. 

Disaster Mil Med. 2016;2(1):8. PubMed | Google Scholar 

 

5. Ogbu O, Ajuluchukwu E, Uneke CJ. Lassa fever in West Africa 

sub region: an overview. J Vector Borne Dis. 2007;44(1):1-

11. PubMed | Google Scholar 

 

6. Richmond JK, Baglole DJ. Lassa fever: epidemiology, clinical 

features, and social consequences. BMJ. 2003;327(7426):1271-

5. PubMed | Google Scholar 

 

7. Fichet-Calvet E, Rogers DJ. Risk maps of Lassa fever in West 

Africa. PLoS Negl Trop Dis. 2009;3(3):e388. PubMed | Google 

Scholar 

 

8. Sogoba N, Feldmann H, Safronetz D. Lassa fever in West Africa: 

evidence for an expanded region of endemicity. Zoonoses Public 

Health. 2012;59(Suppl 2)43-7. PubMed | Google Scholar 

9. Macher AM, Wolfe MS. Historical Lassa fever reports and 30-year 

clinical update. Emerg Infect Dis. 2006;12(5):835-

7. PubMed | Google Scholar 

 

10. Monath TP, Newhouse VF, Kemp GE, Setzer HW, Cacciapuoti A. 

Lassa virus isolation from Mastomys natalensis rodents during 

an epidemic in Sierra Leone. Science. 1974 Jul 

19;185(4147):263-5. PubMed | Google Scholar 

 

11. Walker DH, Wulff H, Lange JV, Murphy FA. Comparative 

pathology of Lassa virus infection in monkeys, guinea-pigs, and 

Mastomys natalensis. Bull World Health Organ. 1975;52(4-

6):523-34. PubMed | Google Scholar 

 

12. Smit A, van der Bank H, Falk T, de Castro A. Biochemical genetic 

markers to identify two morphologically similar South African 

Mastomys species (Rodentia: Muridae). Biochem Syst Ecol. 

2001;29(1):21-30. PubMed | Google Scholar 

 

13. Günther S, Lenz O. Lassa virus. Crit Rev Clin Lab Sci. 

2004;41(4):339-90. PubMed 

 

14. Yun NE and Walker DH. Pathogenesis of Lassa fever. iruses. 

2012;4(10):2031-48. PubMed | Google Scholar 

 

15. Ter Meulen J, Lukashevich I, Sidibe K, Inapogui A, Marx M, 

Dorlemann A et al. Hunting of peridomestic rodents and 

consumption of their meat as possible risk factors for rodent-to-

human transmission of Lassa virus in the Republic of Guinea. Am 

J Trop Med Hyg. 1996 Dec;55(6):661-6. PubMed | Google 

Scholar 

 

16. Gilsdorf A, Morgan D, Leitmeyer K. Guidance for contact tracing 

of cases of Lassa fever, Ebola or Marburg haemorrhagic fever on 

an airplane: results of a European expert consultation. BMC 

Public Health. 2012;21(12):1014. PubMed | Google Scholar 

 

17. Salu OB, James AB, Oke BO, Orenolu MR, Anyanwu RA, Abdullah 

MA. Biosafety level-2 laboratory diagnosis of Zaire Ebola virus 

disease imported from Liberia to Nigeria. Afr J Lab Med. 

2016;5(1):468. PubMed | Google Scholar 

 

18. Raabe V, Koehler J. Laboratory diagnosis of Lassa fever. J Clin 

Microbiol. 2017;55(6):1629-1637. PubMed | Google Scholar 

javascript:PopupFigure('FigId=2')
javascript:PopupFigure('FigId=3')
javascript:PopupFigure('FigId=4')
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Branco%20LM%5bauthor%5d+AND++Emerging+trends+in+Lassa+fever:+redefining+the+role+of+immunoglobulin+M+and+inflammation+in+diagnosing+acute+infection
http://scholar.google.com/scholar?hl=en&q=+Emerging+trends+in+Lassa+fever:+redefining+the+role+of+immunoglobulin+M+and+inflammation+in+diagnosing+acute+infection
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Leski%20TA%5bauthor%5d+AND++Sequence+Variability+and+Geographic+Distribution+of+Lassa+Virus+Sierra+Leone
http://scholar.google.com/scholar?hl=en&q=+Sequence+Variability+and+Geographic+Distribution+of+Lassa+Virus+Sierra+Leone
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Olayemi%20A%5bauthor%5d+AND++New+Hosts+of+the+Lassa+Virus
http://scholar.google.com/scholar?hl=en&q=+New+Hosts+of+the+Lassa+Virus
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Brosh?Nissimov%20T%5bauthor%5d+AND++Lassa+fever:+another+threat+from+West+Africa
http://scholar.google.com/scholar?hl=en&q=+Lassa+fever:+another+threat+from+West+Africa
https://www.ncbi.nlm.nih.gov/pubmed/17378212
http://scholar.google.com/scholar?hl=en&q=+Lassa+fever+in+West+Africa+sub+region:+an+overview
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Richmond%20JK%5bauthor%5d+AND++Lassa+fever:+epidemiology+clinical+features+and+social+consequences
http://scholar.google.com/scholar?hl=en&q=+Lassa+fever:+epidemiology+clinical+features+and+social+consequences
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Fichet-Calvet%20E%5bauthor%5d+AND++Risk+maps+of+Lassa+fever+in+West+Africa
http://scholar.google.com/scholar?hl=en&q=+Risk+maps+of+Lassa+fever+in+West+Africa
http://scholar.google.com/scholar?hl=en&q=+Risk+maps+of+Lassa+fever+in+West+Africa
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Sogoba%20N%5bauthor%5d+AND++Lassa+fever+in+West+Africa:+evidence+for+an+expanded+region+of+endemicity
http://scholar.google.com/scholar?hl=en&q=+Lassa+fever+in+West+Africa:+evidence+for+an+expanded+region+of+endemicity
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Macher%20AM%5bauthor%5d+AND++Historical+Lassa+fever+reports+and+30-year+clinical+update
http://scholar.google.com/scholar?hl=en&q=+Historical+Lassa+fever+reports+and+30-year+clinical+update
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Monath%20TP%5bauthor%5d+AND++Lassa+virus+isolation+from+Mastomys+natalensis+rodents+during+an+epidemic+in+Sierra+Leone
http://scholar.google.com/scholar?hl=en&q=+Lassa+virus+isolation+from+Mastomys+natalensis+rodents+during+an+epidemic+in+Sierra+Leone
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Walker%20DH%5bauthor%5d+AND++Comparative+pathology+of+Lassa+virus+infection+in+monkeys+guinea-pigs+and+Mastomys+natalensis
http://scholar.google.com/scholar?hl=en&q=+Comparative+pathology+of+Lassa+virus+infection+in+monkeys+guinea-pigs+and+Mastomys+natalensis
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Smit%20A%5bauthor%5d+AND++Biochemical+genetic+markers+to+identify+two+morphologically+similar+South+African+Mastomys+species+(Rodentia:+Muridae)
http://scholar.google.com/scholar?hl=en&q=+Biochemical+genetic+markers+to+identify+two+morphologically+similar+South+African+Mastomys+species+(Rodentia:+Muridae)
https://www.ncbi.nlm.nih.gov/pubmed/15487592
https://www.ncbi.nlm.nih.gov/pubmed/23202452
http://scholar.google.com/scholar?hl=en&q=+Pathogenesis+of+Lassa+fever
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Ter%20Meulen%20J%5bauthor%5d+AND++Hunting+of+peridomestic+rodents+and+consumption+of+their+meat+as+possible+risk+factors+for+rodent-to-human+transmission+of+Lassa+virus+in+the+Republic+of+Guinea
http://scholar.google.com/scholar?hl=en&q=+Hunting+of+peridomestic+rodents+and+consumption+of+their+meat+as+possible+risk+factors+for+rodent-to-human+transmission+of+Lassa+virus+in+the+Republic+of+Guinea
http://scholar.google.com/scholar?hl=en&q=+Hunting+of+peridomestic+rodents+and+consumption+of+their+meat+as+possible+risk+factors+for+rodent-to-human+transmission+of+Lassa+virus+in+the+Republic+of+Guinea
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Gilsdorf%20A%5bauthor%5d+AND++Guidance+for+contact+tracing+of+cases+of+Lassa+fever+Ebola+or+Marburg+haemorrhagic+fever+on+an+airplane:+results+of+a+European+expert+consultation
http://scholar.google.com/scholar?hl=en&q=+Guidance+for+contact+tracing+of+cases+of+Lassa+fever+Ebola+or+Marburg+haemorrhagic+fever+on+an+airplane:+results+of+a+European+expert+consultation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Salu%20OB%5bauthor%5d+AND++Biosafety+level-2+laboratory+diagnosis+of+Zaire+Ebola+virus+disease+imported+from+Liberia+to+Nigeria
http://scholar.google.com/scholar?hl=en&q=+Biosafety+level-2+laboratory+diagnosis+of+Zaire+Ebola+virus+disease+imported+from+Liberia+to+Nigeria
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Raabe%20V%5bauthor%5d+AND++Laboratory+diagnosis+of+Lassa+fever
http://scholar.google.com/scholar?hl=en&q=+Laboratory+diagnosis+of+Lassa+fever


 

  Page number not for citation purposes     6 

 

19. McCormick JB, King IJ, Webb PA, Johnson KM, O'Sullivan R, 

Smith ES, Trippel S, Tong TC. A case-control study of the clinical 

diagnosis and course of Lassa fever. J Infect Dis. 1987 

Mar;155(3):445-55. PubMed | Google Scholar 

 

20. Omilabu SA, Badaru SO, Okokhere P, Asogun D, Drosten C, 

Emmerich P, Becker-Ziaja B, Schmitz H and Günther S. Lassa 

fever, Nigeria, 2003 and 2004. Emerg Infect Dis. 

2005;11(10):1642-4. PubMed | Google Scholar 

 

21. Ehichioya DU, Hass M, Ölschläger S, Becker-Ziaja B, Onyebuchi-

Chukwu CO, Coker J et al. Lassa fever, Nigeria, 2005-2008. 

Emerg Infect Dis. 2010;16(6):1040-1. PubMed | Google 

Scholar 

 

22. Centers for Disease Control and Prevention (CDC). Guidance for 

the selection and use of personal protective equipment (PPE) in 

healthcare settings. 2011. Accessed on 23 August 2016. 

 

23. Bausch DG, Hadi CM, Khan SH, Lertora JJL. Review of the 

literature and proposed guidelines for the use of oral ribavirin as 

postexposure prophylaxis for Lassa fever. Clin Infect Dis. 

2010;51(12):1435-41. PubMed | Google Scholar 

 

24. Haas WH, Breuer T, Pfaff G, Schmitz H, Köhler P, Asper M, 

Emmerich P, Drosten C, Gölnitz U, Fleischer K, Günther S. 

Imported Lassa fever in Germany: surveillance and management 

of contact persons. Clin Infect Dis. 2003;36(10):1254-

8. PubMed | Google Scholar 

 

25. Centers for Disease Control and Prevention (CDC). Imported 

lassa fever--New Jersey, 2004. MMWR Morb Mortal Wkly Rep. 

2004;53(38):894-7. PubMed | Google Scholar 

 

26. Amorosa V, MacNeil A, McConnell R, Patel A, Dillon KE, Hamilton 

K et al. Imported Lassa fever, Pennsylvania, USA, 2010. Emerg 

Infect Dis. 2010;16(10):1598-600. PubMed | Google Scholar 

 

27. Macher AM, Wolfe MS. Historical lassa fever reports and 30-year 

clinical update. Emerg Infect Dis. 2006;12(5):835-

7. PubMed | Google Scholar 

 

28. Gibb R, Moses LM, Redding DW, Jones KE. Understanding the 

cryptic nature of Lassa fever in West Africa. Pathog Glob Health. 

2017;111(6):276-288. PubMed | Google Scholar 

 

29. Ken Norris, Alex Asase, Ben Collen, Jim Gockowksi, John Mason, 

Ben Phalan, Amy Wadea. Biodiversity in a forest agriculture 

mosaic-the changing face of West African rainforests. Biological 

conservation. October 2010;143(10):2341-2350. Google 

Scholar 

 

30. Roudier P, Sultan B, Quirion P, Berg A. The impact of future 

climate change on West African crop yields: what does the 

recent literature say? Global environmental change. August 

2011;21(3):1073-1083 Google Scholar 

 

31. Patz JA, Daszak P, Tabor GM, Aguirre AA, Pearl M, Epstein J et 

al. Unhealthy landscapes: policy recommendations on land use 

change and infectious disease emergence. Environ Health 

Perspect. 2004;112(10):1092-8. Google Scholar 

 

 

 

 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=McCormick%20JB%5bauthor%5d+AND++A+case-control+study+of+the+clinical+diagnosis+and+course+of+Lassa+fever
http://scholar.google.com/scholar?hl=en&q=+A+case-control+study+of+the+clinical+diagnosis+and+course+of+Lassa+fever
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Omilabu%20SA%5bauthor%5d+AND++Lassa+fever+Nigeria+2003+and+2004
http://scholar.google.com/scholar?hl=en&q=+Lassa+fever+Nigeria+2003+and+2004
https://www.ncbi.nlm.nih.gov/pubmed/20507773
http://scholar.google.com/scholar?hl=en&q=+Lassa+fever+Nigeria+2005?2008
http://scholar.google.com/scholar?hl=en&q=+Lassa+fever+Nigeria+2005?2008
https://www.google.com/search?q=Guidance+for+the+selection+and+use+of+personal+protec-tive+equipment+(PPE)+in+healthcare+settings&oq=Guidance+for+the+selection+and+use+of+personal+protective+equipment+(PPE)+in+healthcare+settings&aqs=chrome..69i57j0j69i60l2.758j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Guidance+for+the+selection+and+use+of+personal+protec-tive+equipment+(PPE)+in+healthcare+settings&oq=Guidance+for+the+selection+and+use+of+personal+protective+equipment+(PPE)+in+healthcare+settings&aqs=chrome..69i57j0j69i60l2.758j0j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Guidance+for+the+selection+and+use+of+personal+protec-tive+equipment+(PPE)+in+healthcare+settings&oq=Guidance+for+the+selection+and+use+of+personal+protective+equipment+(PPE)+in+healthcare+settings&aqs=chrome..69i57j0j69i60l2.758j0j7&sourceid=chrome&ie=UTF-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Bausch%20DG%5bauthor%5d+AND++Review+of+the+literature+and+proposed+guidelines+for+the+use+of+oral+ribavirin+as+postexposure+prophylaxis+for+Lassa+fever
http://scholar.google.com/scholar?hl=en&q=+Review+of+the+literature+and+proposed+guidelines+for+the+use+of+oral+ribavirin+as+postexposure+prophylaxis+for+Lassa+fever
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Haas%20WH%5bauthor%5d+AND++Imported+Lassa+fever+in+Germany:+surveillance+and+management+of+contact+persons
http://scholar.google.com/scholar?hl=en&q=+Imported+Lassa+fever+in+Germany:+surveillance+and+management+of+contact+persons
https://www.ncbi.nlm.nih.gov/pubmed/15457145
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Imported+lassa+fever--New+Jersey+2004&btnG=
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Amorosa%20V%5bauthor%5d+AND++Imported+Lassa+fever+Pennsylvania+USA+2010
http://scholar.google.com/scholar?hl=en&q=+Imported+Lassa+fever+Pennsylvania+USA+2010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Macher%20AM%5bauthor%5d+AND++Historical+Lassa+fever+reports+and+30-year+clinical+update
http://scholar.google.com/scholar?hl=en&q=+Historical+Lassa+fever+reports+and+30-year+clinical+update
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&doptcmdl=Citation&defaultField=Title+Word&term=Gibb%20R%5bauthor%5d+AND++Understanding+the+cryptic+nature+of+Lassa+fever+in+West+Africa
http://scholar.google.com/scholar?hl=en&q=+Understanding+the+cryptic+nature+of+Lassa+fever+in+West+Africa
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ken+Norris%2C+Alex+Asase%2C+Ben+Collen%2C+Jim+Gockowksi%2C+John+Mason%2C+Ben+Phalan%2C+Amy+Wadea.+Biodiversity+in+a+forest+agriculture+mosaic-the+changing+face+of+West+African+rainforests&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ken+Norris%2C+Alex+Asase%2C+Ben+Collen%2C+Jim+Gockowksi%2C+John+Mason%2C+Ben+Phalan%2C+Amy+Wadea.+Biodiversity+in+a+forest+agriculture+mosaic-the+changing+face+of+West+African+rainforests&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+impact+of+future+climate+change+on+West+African+crop+yields%3A+what+does+the+recent+literature+say%3F+2011&btnG=
https://scholar.google.com/scholar?q=Roudier+P,+Sultan+B,+Quirion+P,+Berg+A.+The+impact+of+future+climate+change+on+West+African+crop+yields:+what+does+the+recent+literature+say&hl=en&as_sdt=0,5


 

  Page number not for citation purposes     7 

 

 
Figure 1: number of states that sent samples to the virology unit, CRL by seasons 

 

 

 
Figure 2: percentage sample volume and percentage positive detected cases across outbreak seasons 
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Figure 3: sample volume and positive cases in the geographic regions of Nigeria 

 

 

 
Figure 4: distribution of Lassa fever confirmed cases in Nigeria 
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