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ABSTRACT: The occurrence, transmission and interventioatesgies on the Lassa fever disease in Nigeria
are presented. The Lassa virus is an envelopeglesitranded, bi-segmented RNA virus that belonthéo
Arenaviridae family was first reported in 1969 frdrassa village, Borno State, Nigeria. The primamireal
reservoir for the virus is the multi-mammate rsltagtomys natalensis). It is transmitted to humans through
the excreta of infected carrier, often via contaated food and human-to-human transmission. The most
common treatment intervention is ribavirin whichrrées out its function by inhibiting virus replican.
Extensive investigation is being carried out tavarrat an effective vaccine. Keeping rodents ouhafes

and food supplies, as well as maintaining effecfigesonal hygiene are the most viable preventivasures

against the disease.
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1. INTRODUCTION

Lassa fever (a rare viral hemorrhagic fever) isseake of immense public health significance. I¢ wa
discovered in 1969 in Lassa village in Borno Stdigeria following the death of two American mission
nurses [1]. The etiological agent is the Lassarfeireis that is found in West African countriesdiligeria,
Sierra Leone, Liberia and Guinea and spread bg#srvoir [2]. The multi-mammate rstastomys natalensis
is the host [3].

It is an acute viral zoonotic disease that may eauslti-organ failure and immune suppression [4].
Transmission is by direct contact with excretionsecretions (including feces and urine) of infdatats on
food items and water inside human residences amet gentres with human activities. Other possiblgas
are bruised skin or other body parts directly erpla® infectious material. Epidemics arising froomtan-to-
human transmission have equally been establishééaithcare institutions in West Africa. It is ende in
West Africa, with 300,000-500,000 cases and 5,088thds occurring yearly across Nigeria, Sierra Leone
Guinea, and Liberia. A significant percentage &f ithfections remain asymptomatic, mild or self-timg and

may pass unnoticed [5]. The most current outbreakiwed in late 2017 and early 2018, before whidre
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had been over 13 major outbreaks between 1969 @l [B]. The infection occurs majorly in the dryasen
even though it can be observed throughout the yemr.not age- or gender-dependent. However, gien
ubiquity of the rodent host [7], antibody prevalertends to increase with age. This may explainvthes

transmission to humans in and around the homesetheMastomys live [2].

The virus has been associated with nosocomial eakisrresulting in high mortality in affected areas
[8]. Poverty and lack of education are twin cantbdgredisposing factors. Compared to Human
immunodeficiency virus infection, the spread of thassa virus infection is more rapid among close
associates and it rapidly kills. Although certaimogress was made in understanding the replicatattem,
Nigeria and other West African countries have qargd to experience frequent community and nosodomia
outbreaks, sometimes with significant fatalities aserious economic burden. Therefore control measur
targeted at reducing rodent-to-human contact amdahneto-human transmission; and early identificatadn
infected individuals and prompt treatment are fgeahts in curtailing the annual epidemics [9].

Lassa fever has been associated with economicecigal]10]. According to NCDC(2017), Nigeria
experiences an outbreak in most of the states, faittlity profile sometimes strange and uncleae Térent
Lassa outbreak might have exposed some inhererd gad improving health system challenges in
determining how Nigerian communities and other praountries can proactively mitigate, prepare and
respond to this and other emerging and re-emeigfegtious diseases of poveiftil].

Infected rodent’s feces or urine, contaminated ,deshtaminated food or the fluids of an infected
person dead or alive remain the routes of transomss Lassa fevefl2]. Fever, weakness, nausea, vomiting
and diarrhea leading to severe cases of bleedolga@nd possible death are the symptoms of Lassa fe
[11]. An epidemic of Lassa fever between 2015 and Z0ithved how overwhelming the challenge was on

the healthcare system in Nigeria as at that {3
2. HISTORICAL PERSPECTIVE

Cases of deaths occurred from undiagnosed clipiatities between 1920 and 1950, in Nigeria, Sierra
Leone, and other West African countries. Althoubl virus was first detected in 1969, it was regbite
1970 in Lassa town (from where the virus derivedniatme) located in Nigeria [5]. The first victim lodissa
virus infection is an American missionary workingthe area, who later died of complications aridiagn
the illness. That same outbreak spread to JossaRigbtate, North Central Nigeria in subsequentsygat].
Apart from Nigeria, epidemics have been reportedtimer West African countries, thus establishing th

possible cross border route and scare.
3. MORPHOLOGY

Lassa virus (LV), the causative agent of the feigean enveloped, single stranded, bi-segmented RN
virus the Arenaviridae family [2]. It is sphericial shape and has a smooth surface envelope wittajesl
spikes measuring 7-10 nm and built with glycoprotgi5]. Envelope encapsulates the genome which has

nucleocapsid with a helix shape (Fig. 1) measukiatyveen 400 and 1300 nm in length. Usually, theenam
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“arena” meaning sand was derived from the intestraicture that contains electron dense granuleifokd
as the host cell ribosome.
Lassa virus is categorized on the basis of thaetiganic and molecular properties [16]. It is

characterized by high genetic variability sometimeking detection by the host immune system diffif].

Zinc-binding protein (Z)
RNA genome

Figure 1. Lassa virion. Source: with permission of Omehl eft%.

4. PATHOGENESIS

Infection is started after acquisition of the wirthrough contact with infected carrier’s urinejvsa
respiratory secretion, or blood. The main targétgirois are the antigen presenting cells insidehbst (Fig.
2). However, it also infects almost every tissuduman body leading to multi-systemic dysfunctitbrdoes
this by suppressing host’s innate interferon (IFN3ponse through the inhibition of the translocatad
interferon regulatory factor-3 (IRF-3). In additioit exhibits exonuclease activity to only doubteaaded
RNAs (ds RNAs), which often blocks IFN responsehisTis achieved by the breakdown of pathogen

associated molecular pattern (PAMP), which enathlesirus to evade host's immune responses [14].
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Figure 2. Pathogenesis of Lassa fever. Source: with peramissi Omeh et al. [9].
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Patients with subclinical infections may pass uiweal. Therefore, this group, are at risk of dep@ig
hearing loss of different degrees later in life.eTimpairment can affect all dimensions of hearimgl a
according to WHO about 25% of patients exposedassh virus are affected [5]. Other complicationy ma

include, gait disturbances, tremors and enceps@li#f].
5. GEOGRAPHICAL DISTRIBUTION

The disease is endemic in several West Africamtr@s including Nigeria, Sierra Leone, Guinea, and
Liberia [18]. Every year, 300,000-500,000 peopldhis region are affected, resulting in over 5,0@@ths
annually [14]. In endemic situation, like in Nigerithe overall case fatality rate (CFR) is in thege of 1-10
percent. However, during epidemic outbreak, thiy ma up to 50 percent and this could be higheeirese
cases [9]. The high degree of sero-prevalence @fvitus - specific antibodies in the general popoia
residing in the endemic regions, although highlyialde depending on the geographical location [19],
indicates that most infections are mild or possélgn asymptomatic and do not result in hospitéding20].
The Lassa fever epidemic has also been found in, M&negal and Central African Republic. Sporadic
imported cases have been reported in the UnitadsStd America, Europe, and Asia, and laboratofgdiion

has occurred among health workers in the USA durangdling of infected specimens [21].
6. THE NIGERIAN EXPERIENCE

This disease has been occurring in Nigeria asmitdand epidemic outbreaks from the year it was
identified in 1969. Outbreaks of Lassa fever hagerbreported in various parts of Nigeria includidp,
Ebonyi, Anambra, Imo, Jos, Taraba, Nasarawa, YBba&rs and Ondo states [8]. Although the diseasgesa
an epidemic nature that attracts sudden respors@ fyovernment, not much sustained intervention
programme is in place. Unfortunately, with this urat of infection response, it is very difficult tgain
experience from previous outbreaks to improve tlamagement of future re-emergence [2]. Most availabl
reports focused mainly on nosocomial outbreaks aremecently on laboratory diagnosis of blood specis
of suspected cases sent to reference laboratoegeldutbreaks became heightened in the last ddoastrly
2012, confirmed cases stood at 108, with fataldie®ng some medical personnel [5]. In 2018, iefgorted
that Nigeria experienced a huge outbreak, occuirirtgrenty-three states and having 3,498 suspeitts4s
healthcare workers among the 633 confirmed cags [2

The relevant government regulatory and interventiody reported some cases in the early part of
2015 [23]. Out of the 21 cases, Bauchi state hadrtbst outbreak with 3 confirmed and 1 death 5R019,
the WHO reported 327 cases of Lassa fever (324ircoed cases and three probable cases) with 72 gleath
(case fatality ratio = 22%) reported across 2Gstand the Federal Capital Territory (Fig. 3). ED@8) and
Ondo (103) accounted for most of the cases. Sa#lgases were reported among healthcare workee/an
states - Edo (4), Ondo (3), Ebonyi (1), Enugu Riyers (1), Bauchi (1) and Benue (1) including dieath in
Enugu [24]. Case management centres operate in Braankbonyi, Edo, and Ondo States [25]. A sero-

prevalence of 58.2% where 96.1% of houses had ciowith rodents in the previous 6 months was regubrt
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in an investigation in an endemic local governmarBouthern Nigeria, including 24 cases in Ondéesta

January 2018 [15].
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Figure 3. Distribution of Lassa fever in Nigeria. Source: NC[25].

7. TRANSMISSION

Outbreaks in endemic areas are incited by condbatspromote increased contact between man and
the carrier Mastomys natalensis). These include poor sanitation, overcrowdingpdestation, rodent hunting,
and bush burning [26]. Predisposing factors geheiratlude nearness to animal reservoir, the pcaabf air-
drying grains along the roads or outside homesusmlotected grain storage within homes. These caidd
an enhanced direct rodent-man contact and contsiotinaf food sources by the secretions of infected
rodents [9]. Diseased patient can also be a sonfrcecondary transmission to another person [2fg T
exposed persons thereafter carry the virus intacdmemunity where the cycle of transmission continwéh
direct unprotected person to person contact [13].

Immuno-compromise and pregnancy can enhance thésitton and establishment of the disease, and
may increase mortality rate [27]. Infection duripgegnancy can lead to fetal death (because ths Yias
high affinity for placenta and other highly vasgidad tissues), abortion, including loss of newrb@n 90%
of cases) or maternal death. Serious congenitacteebr anomalies are common expressions in chilooen
with the infection [9]. Some trans-border casesehlagen reported involving adjoining countries watime

fatalities.
8. SYMPTOMS

In about 80% of infections, in endemic areas, skmptoms are mild and are undiagnosed. Mild
symptoms include slight fever, general malaise amékness, and headache [9]. In few cases, however,
disease may progress to more serious symptomsdingluhemorrhaging (in gums, eyes, or nose, as

examples), respiratory distress, repeated vomifagal swelling, pain in the chest, back, and abeo, and
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shock [26]. Generally, incubation period rangesm® to 21 days. Three stages are recognized; Hrese
acute, that marks the onset; hemorrhagic, involgmge bleeding and neurologic, which expressendssf
among other symptoms [5]. The virus can be deteicte¢tie urine and semen of infected patient fortaip
three months [5].

The patient may die within two weeks after sympimmset due to multi-organ failure. On the average,
about 20% of patients hospitalized die from theedls. Ideally, only about 1% of all infections fesn

death [28].
9. DIAGNOSIS

In most Lassa fever endemic areas, there areusectmallenges regarding the laboratory diagnosis an
confirmation of the disease [9]. Since the symptares varied and nonspecific, clinical diagnosisfien
difficult. The spatial and epidemiological mapping vulnerability coupled with laboratory biomarkers
(immunoglobulin M (IgM) antibody) or related moldau assays are useful tools in early detectiorysvir
isolation and confirmation of positive case [29].

Diagnosis can be by using enzyme-linked immunéesarassays (ELISA), which detect IgM and 1gG
antibodies as well as the antigen [14]. The revdraascription-polymerase chain reaction (RT-PCR)
procedure is used in the early stage of disease3[B0 Generally, this disease requires a biosdfatgl 4 -
equivalent containment during laboratory diagnésiprevent the acquisition and spread of the des@athe

laboratory and hospital environment [14].
10. INTERVENTION STRATEGIES
10.1. Treatment

Like other severe hemorrhagic fevers, clinical agagment of Lassa fever entails purely supportive
treatment. The intention is strictly volume restet@n from diarrhea and vomiting. It is also tdegk at
electrolyte balance and respiratory support [26]e Dnly tested agent with a proven therapeuticcefie
patients is the broad-spectrum nucleoside (guaepsimalogue, ribavirin and it is considered theenirdrug
of choice. The exact mechanism of action of ridaviras not been fully understood, but its incorgiorainto
the RNA strand, leads to lethal mutagenesis of gmgggenomes [32]. LV can be inactivated by chemical
agents such as 0.5% sodium hypochlorite, 0.5% plaartb10% formalin [33].

While investigation goes on to develop an accdetabccine, increasing community awareness and
health education and effective waste managemegtamme are recommended. These can be combined with
improved water, sanitation and hygiene (WASH) paogi{14]. There is also an urgent need to link disea
ecology with enhanced surveillance data across&ltaran Africa [28]. Sometimes, however, this apaph
may have the drawback on inconclusive and pauditgata. A reliable map across national and regional
divides with respect to sero-prevalence, resesvaniid case mortality profile, is desirable [5].

Active incorporation of robust and sustainableegnated disease surveillance and response (IDSR)
scheme into routine laboratory diagnostic and epidlgic surveillance services, is critical [14]lsA a

community- based social mobilization initiative Heeen recommended by the WHO [34]. The decentdliz
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Africa Centres for Diseases Control and Preverdiot regional public laboratory network is a welcostep
in emergency surveillance, as it contributes tdgldealth security. Moreover, investing in eargtettion
and use of rapid diagnostic tools are core in remotal settings where vulnerable communities dwuéth
the rodents as living partners. A well-co-ordinataatveillance capacity building programs will eresur
effective and concurrent trans-disciplinary outBreasponse actions and clinical case managemeimeeg
There is the need to strengthen community healthreg data sharing access and operational logjistic
guiding official state policies [35].

At present, Nigeria has embarked on an integriatiedtious diseases prevention and control strategy
It is believed that it would be made an importaomponent of the nation’s primary healthcare program
Every confirmed epidemic must attract an immediasponse [34]. Personal protection equipment ahner ot
standard dress codes and ward isolation shoulttibysadhered to as a preventive measure [35].

Awareness programmes on the swift recognitionasfyewarning signs, and quick response aimed at
prevention, capacity building among health carespenel as well as prompt availability of solutidike
vaccines will guarantee an enhanced interventioingepidemics. According to NCDC [32], the followg
are generally supplied to areas at risk in Nigeriadications and disinfectants (ribavirin injeatisibavirin
tablet, medicine for supportive care, ringers lagtanetronidazole (flagyl), oral dehydration safiersonal
protective and biosafety materials (boots, gloves)}er gown, plastic apron, mask, head cover, ptiote
eyewear and bed nets sprayers, plastic sheets rferamtattress and barriers, kerosene lamp, bod,bag
buckets and containers, electric generator andrdétny supplies. The list also includes needleffgdint
sizes), syringes, tubes (vacutainers) for blootectibn, antiseptics [14].

It is important to note that a decisive approahecommended for effective intervention. Rapid tes
kits that focus on precise qualitative laboratomglgisis to confirm suspected cases must be actesie
detection and confirmation of this and other enmeggviral diseases require Biosafety level 4 (BSL-4)
facilities across the world, but very few existAfrica [30]. Some African countries may not evervéaany.
Nigeria has five Lassa fever diagnosis laboratow#h the Irrua Specialist Hospital considered & fllly
functional as most suspected cases are sent thelagbbratory confirmation. Although knowledge oaska
fever in Nigeria is high among medical practitianelow access to affordable and simple tests foely
confirming the disease in the region is observéd. [Zhese situations may further prolong the tinséaeen
suspecting a case and confirming it, with its attent consequences on the disease outbreak andlcontr

efforts [14].
10.2. Prevention

This includes measures like the institution ofigek, task force, committees for surveillance,
prevention and control at national and state levigtere is the need to improve the current statmedical
practice if any meaningful and long lasting resmill be achieved [3]. Health sensitization of thengral
public and particularly health workers is necesgaty Control of rodents by avoiding bush burnisegtting
traps in and around homes to reduce rat populatiockage of all rat hideouts, and avoidance otactwith

rats such as rat hunting for consumption are atsactive measures. Individual and community préiven
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strategies include keeping good and healthy petsbygiene, cleaning of homes and surrounding
environment, and effective waste disposal. Road aiddrying, should be avoided. All food items gldobe
stored in containers safe from rats. Hospital bagedention should focus on adherence to conteassures,
isolation of infected patients, barrier nursingirdected patients, and the application of persqmatective
equipment (PPE) when working with secretions oéatéd patients [30]. New candidate vaccines lik&/VS
EBOV-GPC has been reported to have promise, evamyithis on record that in 1987, the first sucaglssf
Lassa virus vaccine that used a recombinant vacaiimus, was described [36]. It is recalled thaiali
hemorrhagic antibodies have earlier been reportédigeria [37]. The WHO advises healthcare persbtme
observe basic rules of reasonable and healthy engagt as they carry out their duties [24]. Tobialef38]

stressed the need to embrace measures which ardadiffe in dealing with the infectious rodents.
12. CONCLUSION AND RECOMMENDATIONS

Lassa fever is a very important zoonotic disedggogerty and compromised environmental hygiene
with high endemicity. It remains a public healthrden on vulnerable populations in Nigeria. Proactiv
measures to control this menace should target atkeqaucation of health care professionals, putdaith
enlightenment campaigns, and advocacy. It is a¢és@ssary to focus on increasing the number of tiofes
disease control centres with diagnostic and rebdatmoratory services, as well as treatment fégsliacross
Nigeria.

Efficient and sustainable leadership commitmenthia health sector and involvement of vulnerable
population is crucial in strengthening an integlataitbreak surveillance and intervention. Collakivea
multi-sectorial initiatives are needed to desigmeaervoir(s) map which is tailored towards designin
proactive solution against this zoonotic diseaseats in Nigeria. Furthermore, fast-tracking Reseand
Development for more sensitive diagnostic tools affdctive therapeutic development is a recommended
global measure. Community engagement and respegiefsonal hygiene remain an attractive prevention
strategy. This will guarantee avoidance of ratalatimes. With renewed awareness and capacitydimgj)

Nigeria will be Lassa virus-free, soon.
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