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ABSTRACT

Identification of the diverse animal hosts responsible for spill-over events from animals to humans is crucial for
comprehending the transmission patterns of emerging infectious diseases, which pose significant public health risks.
To better characterize potential animal hosts of Lassa virus (LASV), we assessed domestic and non-domestic animals
from 2021-2022 in four locations in southern Nigeria with reported cases of Lassa fever (LF). Birds, lizards, and
domestic mammals (dogs, pigs, cattle and goats) were screened using RT-gPCR, and whole genome sequencing was
performed for lineage identification on selected LASV positive samples. Animals were also screened for exposure to
LASV by enzyme-linked immunosorbent assay (ELISA). Among these animals, lizards had the highest positivity rate by
PCR. Genomic sequencing of samples in most infected animals showed sub-lineage 2 g of LASV. Seropositivity was
highest among cattle and lowest in pigs. Though the specific impact these additional hosts may have in the broader
virus-host context are still unknown - specifically relating to pathogen diversity, evolution, and transmission - the
detection of LASVY in non-rodent hosts living in proximity to confirmed human LF cases suggests their involvement
during transmission as potential reservoirs. Additional epidemiological data comparing viral genomes from humans
and animals, as well as those circulating within the environment will be critical in understanding LASV transmission

dynamics and will ultimately guide the development of countermeasures for this zoonotic health threat.
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Introduction

Lassa virus (LASV), a zoonotic virus of the family Are-
naviridae and genus Mammarenavirus, is the causa-
tive agent of Lassa fever (LF). LF is endemic in most
parts of Western Africa with thousands of LASV infec-
tions occurring in humans annually. Of these, several
hundredths die as a result of the infection [1,2]. In
Nigeria, 1968 LF cases were confirmed between Janu-
ary 2022 and September 2023 [3]. Natal mastomys
(Mastomys natalensis) was first demonstrated to be
the natural reservoir host for LASV; however, LASV
has been shown to be maintained in multiple rodent

reservoirs [1,4-7]. LF outbreaks normally correlate
with the movement of these rodent reservoirs from
forests and farms to human dwellings. This is com-
monly observed to peak during the dry season
(between December and April) when there is an
increase in forest burning and a decrease in farming
[8,9].

The true incidence of LF remains unknown, and it
is believed to be driven in part by the prevalence of
rodent reservoirs in human dwellings. Evidence of
rodent transmission and human-to-human trans-
mission (especially nosocomial infections) have been
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previously documented [1,5,6,10,11]. During a LF out-
break with an unusual surge in the number of cases in
Nigeria in 2018, Siddle et al. [12] studied the viral
strains responsible for the infections. The data gener-
ated from their research implicated cross-species
transmission from local rodent populations rather
than sustained extensive human-to-human trans-
mission. They also found that the increase in cases
was not attributable to a particular LASV strain.
Their findings suggested that numerous distinct
cross-species transmission events from a genetically
diverse reservoir continue to sustain LASV infections.

Serological and viral evidence of LASV infection
have been found in other rodents such as roof rats
(Rattus rattus) and house mice (Mus musculus)
[6,7,11]. Specifically, Olayemi et al. [6] found that
the African wood mouse (Hylomyscus pamfi) and the
reddish-white mastomys (Mastomys erythroleucus)
were positive for LASV by PCR over several years at
the same sites and are likely to be legitimate reservoirs
and not simply incidental hosts. Additionally, LASV
isolated from H. pamfi did not cluster systematically
with any of the four well-established lineages [13]. In
a study of natal mastomys from Mali, Manning et al.
[14] described an emerging fifth lineage of LASV.
These data illustrate that the evolution of LASV and
the dynamics of the virus are more complex geneti-
cally and ecologically than previously appreciated
and are likely maintained by multiple reservoirs.
This has implications for the epidemiology and con-
trol of LF, and for understanding the circulating
LASV variants as zoonotic threats when developing
vaccines and drugs.

Besides rodent reservoirs, non-human primates
(NHPs) are susceptible to infection. NHPs of several
species have been used as animal models for LASV
infection in assessing potential therapeutics [15-17].
Ogunro et al. [18] found serologic evidence of natural
LASYV infection in four Mona monkeys (Cercopithecus
mona) and one Anubis Baboon (Papio Anubis), and
antigenic evidence from one Mona monkey in
southern Nigeria, raising the question of whether
NHPs play a role in the epidemiology of LF.

The commensal nature, strategic habitats, and
activities of natal mastomys facilitates their inter-
actions with other rodent and non-rodent species
[19,20]. Because it is not only humans that come in
contact with rodents, it is important to broaden LF
surveillance to include domesticated and non-dom-
esticated terrestrial non-rodent animals. This study
of domestic and wild animals in close contact with
humans in LF endemic areas was designed to identify
non-rodent species’ potential as hosts or reservoirs of
LASV. Additionally, we assessed the presence of LASV
variants with spill-over potential circulating in animal
hosts. Here, we report the first detection and charac-
terization of LASV in non-rodents by quantitative

RT-PCR (RT-qPCR) and Next Generation Sequen-
cing (NGS). We also show exposure and seroconver-
sion to LASV in multiple domestic terrestrial non-
rodent animals in southern Nigeria.

Materials and methods

Ethical approval

Ethical approval for this study was obtained from the
Nigeria Health Research Ethics Committee
(NHRECO01/01/2007), the National Veterinary

Research Institute (NVRI), Jos, Nigeria (AEC/03/
120/22) and the Animal Care and Use Review Office
(ACURO) of the United States Army Medical
Research and Development Command (USAMRDC).

Study sites

From May 2021 to October 2022, spanning across two
different LF seasons, non-rodents were sampled in two
disease endemic regions in southeastern (Ebonyi State)
and southwestern (Ondo State) Nigeria, and two LF
non-endemic regions in southwestern (Ogun and
Oyo States) Nigeria. Samples were collected from four
communities (Ijebu-Owo, Isuada, Ehin-Ogbe and
Iyere) in Owo Local Government Area (LGA), Ondo
State; six communities (Hausa Quarters, NKkaliki,
Nkwagu Nwezenyi, Odunukwe and Onu-Eyim) within
six LGAs in Ebonyi State; two communities (Ijebu-Ode
and Oke-Aro) from two LGAs in Ogun State; and five
communities (Agbowo, Amosun-Akinyele, Idi-Ayunre,
Ilu-Tuntun and Olorunsogo) from four LGAs in Oyo
State in Nigeria (Figure 1).

Sample collection

Animals included in this study were observed to live in
proximity with humans. Prior to sample collection
from domestic animals such as dogs, cats, sheep,
goats, cattle, pigs, and poultry found within consented
households, physical examination was performed on
each animal and clinical parameters were recorded.
These included physical presentation, presence of ocu-
lar/nasal discharge, faecal appearance, respiratory
sounds and rate, heart sounds and rate, body tempera-
ture, mucous membrane colour, body score and pres-
ence of ectoparasites. The hydration status of each
animal examined was assessed based on the degree
of dryness of hair coat and mucous membranes (con-
junctiva and oral wall) and the sunkenness of eyes.
When possible, blood, oral and rectal swabs were
collected from each animal. Animals were restrained
by an animal handler using best practices and without
inflicting pain to the animals. Five millilitres (5 ml) of
blood was collected into sterile EDTA tubes from the
jugular vein (in sheep, goat and, cattle), cephalic vein
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Figure 1. Geospatial summary of study sites.

(dogs and cats), wing vein (poultry) and anterior vena
cava (pigs) and processed for plasma. Oral and rectal
swabs were collected and stored in viral transport med-
ium or DNA/RNA Shield"™ (ZYMO RESEARCH).

Lizards (specifically Agama agama) were also
trapped for sample collection in the evenings from
crevices and other hideouts in and around the houses.
Oral and cloacal swabs were collected from the lizards
and transferred into a viral transport medium or
DNA/RNA shield™ (ZYMO RESEARCH). After
samples were collected from the lizards, they were
marked and released.

All samples collected were aliquoted in duplicate
and transported to the laboratory via cold chain.
One aliquot of each sample was stored at —20°C
until analysed, while the second aliquot was kept at
—80°C for long-term storage.

RNA extraction and reverse transcription
polymerase chain reaction (RT-qPCR)

Total RNA was extracted from 140 pl of plasma, oral,
and/or rectal /cloacal swabs of non-rodent animals
using QIAamp Viral RNA extraction kit (Qiagen, Hil-
den, Germany) according to the manufacturer’s
instructions. Three microliters (3 ul) of the isolated
RNA from each sample was then used for the detec-
tion of LASV nucleic acid using Superscript III
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Platinum SYBR Green one-step RT-qPCR kit (Life
Technologies, CA, USA). Specific primers targeting
the nucleoprotein (NP) gene on the S segment of the
viral genome (LASV-NG-F - 5 - YAC AGG GTC
YTC TGG WCG ACC - 3’ and LASV-NG-R - 3" -
RAT GAT GCA RCT TGA CCC AAG - 3'), as pre-
viously described [7,21] were used. Each sample type
was run in duplicate, and the average cycle threshold
(Ct) value was recorded. Negative extracts (NE) and
No Template controls (NTC) were used as negative
controls while the positive controls were the g-Block
synthesized for the project and the previously
confirmed LASV positive samples described by
Happi et al, 2022 [7]. An animal was considered posi-
tive if at least one of the samples tested from that ani-
mal had Ct value <40 with all the negative controls
confirmed negative and positive controls confirmed
positive for each run.

LASV enzyme-linked Immunosorbent assay
(ELISA)

An indirect ELISA was performed on plasma samples
using ReLASV*® Pan-Lassa IgG/IgM ELISA Test Kits
(Zalgen Labs, LLC) with the LASV Nucleoprotein
(NP) as the capture antigen to detect antibodies
(IgG). A 1:100 dilution of LASV-naive samples (dog,
goat, sheep, cattle, and pig sera from USA), test
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samples, and negative control were prepared and
100 ul of these diluted preparations were dispensed
in duplicate onto the ELISA plate microwells. The
plate was incubated for 30 min at ambient tempera-
ture (18-30°C) and washed 4 times with 300 pl of
wash solution (Tween20 /PBS wash buffer). Anti-ani-
mal (corresponding to each animal species) IgG horse-
radish peroxidase-conjugated secondary antibody
solution reagent (100 ul) was then added to each well.
This was followed by a second incubation and wash.
100 pl/well of the One-Component substrate was then
added to the plate and incubated for 10 min at ambient
temperature in the dark. Finally, 100 pl/well of the Stop
solution was added to terminate the enzyme reaction.
The optical density (O.D.) value of each well of the pre-
pared plate was read at 450 and 630 nm using the Bio-
tek 800 TS ELISA plate reader and recorded to
determine the concentration of IgG. After this, the
delta O.D. values were calculated by subtracting the
(630 nm - mean blank) values from the (450 nm -
mean blank) values. Negative cut-off was determined
to be mean O.D. values of the naive plasma samples
from LASV free regions (USA) per animal species
plus 3 standard deviations (3SD). Samples higher
than the cut-off were recorded as positive.

Data analyses

Data were documented serially using the unique ani-
mal identification number and were analysed using
version 8 Epi Info software (Centers for Disease Con-
trol and Prevention, Atlanta, GA) and SPSS for win-
dows (version 25.0, SPSS Inc., Chicago, IL). Simple
graphs for results illustration were prepared using
GraphPad Prism version 8.0 (GraphPad Software,
San Diego, California USA) and Microsoft Excel,
while the map showing the spatial distribution was
done using the QGIS version 3.22.9 (GPS software).
Discrete variables (proportions of LASV positive ani-
mals and samples, and frequency of LASV seropositiv-
ity) were compared using a test of proportion by
calculating chi-square with Yate’s continuity correc-
tion. Normally distributed, continuous variables
(clinical parameters) were compared by Student’s t-
tests and/or analysis of variance (ANOVA), as appli-
cable. Variables not conforming to a normal distri-
bution (geometric mean ct values) were compared
by Mann-Whitney U-test or Kruskal-Wallis, as appli-
cable. All tests of significance were two-tailed and
values of p<0.05 were indicative of statistical
significance.

Library preparation and genome sequencing of
PCR LASYV positive non-rodents

We constructed sequencing libraries from 48 LASV
PCR positive samples with Ct <33. For this, cDNA

was generated from RNA extracts using the Nextera
XT library preparation kit [22], followed by paired-
end sequencing using the Illumina NextSeq 2000 p2-
300 cycle cartridge on a NextSeq 2000 instrument
(Illumina, San Diego, CA, USA).

Genome assembly

We performed de novo assembly and reference-based
refinement with the viral-ngs pipeline [23] to produce
six partial and complete genomes from animals
sampled from July 2021 to March 2022. These
included three goats (sampled from Abakaliki), one
dog and two lizards (sampled from Owo).

Phylogenetic analysis

To determine the evolutionary relationships of the
study’s sequences to known Lassa diversity, we down-
loaded all publicly available LASV sequences from the
NCBI virus database. We filtered the sequence dataset
to remove (1) laboratory strains (passaged, recombi-
nant), (2) duplicates, (3) sequences without collection
times, and (4) sequences <500nt. Sequences were
trimmed to their coding regions for the L (N=754)
and S (N = 1185) segments respectively in sense orien-
tation. We aligned the L and S segments indepen-
dently using MAFFT v7.505 and curated the
alignment manually [24]. We reconstructed phyloge-
netic trees including our partial and complete
sequences using IQTREE2 v2.2 [25] under ModelFin-
derPlus [26] and assessed bifurcation support by
UFBoot2 [27]. The best-fit models for the L and S seg-
ments were TIM2 + F + R10 and SYM + R10 respect-
ively. For the Lineage 2 phylogenies, we additionally
filtered out all sequences with more than 10% ambig-
uous nucleotides and sequences that were below 50%
segment length.

Results

Summary of samples analysed for LASV using
RT-qPCR and ELISA

A total of 1596 samples collected from 870 non-
rodents were analysed. Of these non-rodents, 585
were analysed for LASV by RT-qPCR (Supplementary
Table S1), 679 for LASV IgG detection by ELISA (Sup-
plementary Table S2), while 392 were analysed by both
RT-qPCR and ELISA methods.

LASV detection using RT-qPCR

From the 585 animals analysed by RT-qPCR, 144
(24.6%) tested positive for LASV, with those from
Ebonyi State (91/243; 37.4%) having a significantly



higher positivity compared to those from other states
(p <0.0001) (Table 1).

LASV RT-qPCR of animals by communities in
each study location

In Ebonyi State, four of the study communities had a
LASV positivity rate >40% while Hausa Quarters
(8.3%) and Nkaliki (12.7%) communities had <40%
LASV positive animals. The positivity rate of LASV
in non-rodents was significantly lower in Hausa Quar-
ters compared to other communities (p=0.002)
(Table 1).

In Ondo State, LASV RT-qPCR positivity in all the
four study communities was 16.6% (range 12.1% to
20.6%) with the least and highest rate being in Ehi-
nogbe and Isuada, respectively. There was no signifi-
cant difference in positivity rate among the study
communities.

The overall LASV RT-qPCR positivity rate in the
non-rodents from Ogun State was 10% (Table 1)
with no significant difference between the samples
tested in the two study communities (7.7% in Ijebu
versus 10.6% in Oke-Aro; p =1.0).

From the total of 21.7% LASV RT-qPCR positivity
rate observed in Oyo State, only two communities
[Idi-Ayunre (33.3%) and Olorunshogo (80%)] showed
LASV positivity by RT-qPCR.

LASV RT-qPCR results in the different non-
rodent species

The frequency distribution of LASV positive animals
by RT-qPCR are summarized in Figure 2. Among
the avian species tested, only chickens were LASV

Table 1. Non-rodent LASV RT-qPCR positivity rate.
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positive (8.1%). The reptiles, represented by lizards
only, were 39.7% positive. Interestingly, all genera of
non-rodent mammals showed positivity for LASV
with the lowest positive rate (1/10; 10%) in cattle
and the highest (51/114; 44.7%) in goats. In a pooled
data analysis based on the animal classes, LASV posi-
tivity rate was significantly higher (p=0.0002) in
lizards (31/78; 39.7%), compared with mammals
(110/462; 23.8%) and birds (3/45; 6.7%). Within mam-
mals, LASV positivity rate was significantly higher in
goats compared with other animals (p<0.0001)
(Figure 2).

Seasonal variation of LASV infection in non-
rodents

Data for seasonal variation in LASV positivity were
available only from Ebonyi and Ondo States. There-
fore, data from Ogun and Oyo state were excluded
from this analysis. There was no significant difference
in LASV positivity rate during these two sampling
periods (p =0.23).

LASV RT-qPCR results by sample type

LASV positivity rate was significantly lower in plasma
samples compared with other sample types (p = 0.001)
with the positivity rates being 7.7% (12/156) using
plasma, 16.5% (75/455) using oral swabs, and 20.5%
(94/458) using rectal swab samples. Out of the 144
LASV RT-qPCR-positive non-rodents, the positivity
rates based on sample types were distributed as 58
(40.3%) rectal swabs, 41 (28.5%) oral swabs, 6 (4.2%)
plasma. Two (1.4%) animals were LASV positive
with plasma and oral swabs, 4 (2.8%) positive with

State  Study Community Overall

Rectal swab Oral swab

Total analysed No. positive % Positivity Total analysed No. positive % Positivity Total analysed No. positive % Positivity

Ebonyi Hausa Quarters 24 2 83
Ndinwikwe Iboko 6 5 88.3
Nkaliki 55 7 12.7
Nkwagu 17 8 47.1
Nwezenyi 83 42 47.1
Odunukwe 10 4 40
Onu-Enyim 48 23 47.9
Total 243 91 374
Ondo Ehinogbe 91 11 12.1
liebu-Owo 33 6 18.2
Isuada 63 14 222
lyere 72 1N 15.3
Total 259 42 16.2
Ogun ljebu 13 1 7.7
Oke-Aro 47 5 10.6
Total 60 6 10
Oyo  Amosun-Akinyele 3 0 0
Idi-Ayunre 3 1 333
llu Tuntun 3 0 0
Olorunshogo 5 4 80
Agbowo 9 0 0
Total 23 5 217
Grand Total 585 144 24.6

18
6
38
17
69
8
45
201
69
20
38
47
174
13
47
60
3
3
3
5
9
23
458

2 1.1 17 1 5.9
2 333 6 4 66.7
7 18.4 37 2 54
6 353 17 8 47.1
35 50.7 72 12 16.7
3 375 9 2 22.2
16 35.6 43 9 20.9
7 353 201 38 18.9
4 5.8 69 8 11.6
0 0 17 6 353
6 15.8 39 10 25.6
5 10.6 46 8 17.4
15 8.6 171 32 187
0 0 13 1 7.7
2 43 47 3 6.4
2 33 60 4 6.7
0 0 3 0 0

1 333 3 1 333
0 0 3 0 0

2 40 5 3 60
0 0 9 0 0
3 13 23 4 174
91 19.9 455 78 171

Note: No., Number, %, percentage.
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Figure 2. Prevalence of LASV in non-rodents.

plasma and rectal swabs, and 33 (22.9%) animals posi-
tive with rectal and oral swabs. With the use of oral
swabs for LASV detection by RT-qPCR, animals
exhibited a total LASV positivity rate of 18.1% with
the highest (33.3%; 24/72) recorded in lizards, fol-
lowed by mammals (14.4%; 49/340) and birds (4.7%;
2/43). In the non-rodent mammals, LASV positive
rates from oral swabs were distributed as 0% in cattle,
10.3% in sheep, 13.9% in pigs, 15.9% in goats, 16.7% in
cats, and 17.6% dogs. With cattle excluded from
the statistical comparison, there was no significant
difference in LASV positivity rate with oral swabs
across all the non-rodent mammals (p = 0.82). Inter-
estingly, lizards showed a significantly higher LASV
positivity using oral swabs compared to other animals
(p <0.0001).

Clinical findings in LASV-positive domestic
animals

Most LASV-positive domestic animals examined
appeared relatively healthy, though a few were lethar-
gic, slightly emaciated, or cachectic as shown in Sup-
plementary Table S3. Abnormal rapid breathing
(tachypnoea) was observed in almost all LASV-posi-
tive domestic animals tested (90-97.9%). In particular,
there was a significant difference (p < 0.05) in the per-
centage of LASV-positive animals with tachypnoea
versus normal respiratory rate (97.9/2.1%). Although
tachypnoea was also recorded in most LASV negative
animals, it was significantly higher in LASV-positive
goats and dogs (p <0.04). There was no significant
difference in all other clinical findings between

LASV-positive and-negative animals tested (Sup-
plementary Table S3).

Seropositivity to Pan-Lassa NP IgG/IgM in non-
rodents by study sites

A total of 679 non-rodent mammals (cattle, dogs,
goats, pigs and sheep) were tested for LASV IgG
using ELISA. Geographical distribution of the mam-
mals tested for LASV by ELISA across the four study
states is shown in Supplementary Table S2. The total
seropositivity in all animals tested was 10.8% (73 of
679). Though not statistically significant, the preva-
lence of LASV IgG was highest in Ogun State
(14.8%, Supplementary Table S2).

Seropositivity to Pan-Lassa NP IgG/IgM in
animals by study communities

Table 2 parses the LASV seropositivity by each study
community in the four states; in Ebonyi State,
LASV seropositivity rates in mammals varied moder-
ately among communities, ranging from 4.1% in
Nkaliki to 23.1% in Onu-Enyim. In Ondo State,
LASV seropositivity rates varied from 2.2% in
Ijebu-Owo to 13.2% in the Iyere community. In
Ogun State, LASV seropositivity rates in the study
community ranged from 3.4% in Abeokuta to 25%
in Ijebu-Ode and Oke-Aro. In Oyo State, three of
the five study communities (Agbowo, Ilu-Tuntun
and Olorunshogo) had no seropositivity while the
other two (Amosun-Akinyele and Idi Ayunre) had
25% seropositivity each.
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State Study Community Total analysed No. positive % Positivity P value
Ebonyi Hausa Quarters 10 1 10 1.0
Ndinwikwe Iboko 4 0 25 -
Nkaliki 49 2 4.1 0.03
Nkwagu 14 1 7.1 048
Nwezenyi 117 14 12 0.52
Odunukwe 9 0 12 -
Onu-Enyim 65 15 231 0.01
Total 261 35 13.4 -
Ondo Ehinogbe 105 1 10.5 053
liebu 46 1 2.2 0.08
Isuada 64 4 6.3 0.39
lyere 106 16 15.1 0.008
Total 321 29 9 -
Ogun Abeokuta 4 1 25 0.55
liebu 29 1 34 0.003
Oke-Aro 28 7 25 0.16
Total 51 9 14.8 -
Oyo Agbowo 9 0 0 -
Amosun-Akinyele 4 1 25 0.26
Idi-Ayunre 4 1 25 0.26
llu-Tuntun 5 0 0 -
Olorunshogo 7 0 0 -
Total 29 2 6.9 -
Grand Total 679 73 10.8 -

Note: No., Number, %, percentage.

Pan-Lassa NP IgG/IgM seropositivity by animal
species

Overall, LASV seropositivity among non-rodents
tested was significantly higher in cattle (p=0.03)
and pigs (p = 0.003) compared to other animals evalu-
ated in this study but the rate was significantly lower in
goats (p = 0.04) (Table 3). Evaluating the data by state
shows that LASV seropositivity rate was significantly
higher in pigs (p = 0.00006) but significantly lower in
dogs (p=0.002) compared with other non-rodents

sampled in Ebonyi State. However, in Ondo State,
LASV seropositivity rate was significantly higher in cattle
and dogs (p = 0.01 each), but significantly lower in goats
(p=0.0009) compared with other animals tested.

Comparison between RT-qPCR and ELISA LASV
positivity in animals

Of the 392 non-rodents whose samples were analysed
for both LASV RT-qPCR and PAN-Lassa NP IgG/IgM

Table 3. Geographic distribution of LASV seropositivity in non-rodents.

State Animal type No. analysed No. positive % Positivity P-value
Ebonyi Cattle 33 7 21.2 0.1
Dog 89 4 4.5 0.01
Goat 89 8 9 0.24
Pig 18 8 444 0.00002
Sheep 39 6 15.4 0.53
Total 268 33 123 -
Ondo Cattle 10 3 30 0.05
Dog 98 16 16.3 0.003
Goat 127 2 1.6 0.0008
Pig 20 2 10 0.7
Sheep 66 6 9.1 0.99
Total 321 29 9 -
Ogun Cattle - - - -
Dog - - - -
Goat 13 0 0 -
Pig 41 7 171 0.7
Sheep 7 2 28.6 0.61
Total 61 9 148 -
Oyo Cattle 3 0 0 -
Dog - - - -
Goat 3 0 0 -
Pig 21 2 95 -
Sheep 2 0 0 -
Total 29 2 6.9 -
Overall Cattle 46 10 21.7 0.02
Dog 187 20 10.7 0.98
Goat 232 10 43 0.0001
Pig 100 19 19 0.004
Sheep 114 14 12.3 0.56
Total 679 73 108 -

Note: No., Number, %, percentage.
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Table 4. RT-gPCR and ELISA outcomes in non-rodents.

Analyses outcome Animal types

Cattle Dog Goat Pig Sheep ALL
Negative (%) 6 (50) 135 (75) 56 (52.3) 26 (59.1) 42 (80.8) 265 (67.6)
ELISA pos Only (%) 2(333) 17 (9.4) 1(0.9) 5(11.4) 4(7.7) 29 (7.4)
RT-gqPCR pos only (%) 1(16.7) 27 (15) 47 (43.9) 10 (22.7) 6 (11.5) 91 (23.2)
ELISA and RT-qPCR pos (%) 0(0) 1(0.6) 3(2.8) 3(6.8) 0(0) 7 (1.8)
TOTAL (%) 9 (100) 180 (100) 107 (100) 44 (100) 52 (100) 392 (100)

Note: ELISA, Enzyme-linked immunosorbent assay; RT-qPCR, Real-Time Quantitative Polymerase Chain Reaction; ALL, all animals; pos, positive.

ELISA, 265 (67.6%) were negative by both RT-qPCR
and ELISA, 91 (23.2%) were positive by ELISA only,
27 (7.4%) by RT-qPCR only, and 7 (1.8%) were posi-
tive by both RT-qPCR and ELISA. The animals posi-
tive for both assays were dogs (n=1), goats (n=3),
and pigs (n =3) (Table 4). Of the seven animals posi-
tive by both assays, six were from Ebonyi State, while
one (pig) was from Oyo State.

LASV sequencing in non-rodents

Six whole LASV genomes with the accession numbers

BankIt2738696 AINKWGOT0020S-2 OR493499;
BankIt2738703 OWEHDOG0070S-2  OR493500;
BankIt2738699 AINKWGOTO003RS-2 OR493501;
BankIt2738701AIODUGOTO002RS-2 OR493502;
BankIt2738705  OWEHLIZ002CS-2  OR493503;

BankIt2738707 OWIYLIO13CS-2 OR493504 from
three goats, one dog, and two lizards were assembled.
We found that all sequences (# = 6 for S segment, n =6
for L segment) clustered within lineage 2, which circu-
lates predominantly in Southern Nigeria (Figure 3).
We also found that our sequences sampled in 2021
from Owo (two lizards and one dog), formed a well-
supported monophyletic cluster in the subtree anno-
tated as Sub-lineage 2 g in both the L and S phylogeny
(Figure 4). Our LASV sequences obtained from non-
rodents in Owo clustered across both segments with
human LAVS sequences from patients’ cases in
Owo, and the wider Ondo State during the 2017-
2018 outbreak. The three LASV sequences obtained
from goats in Abakaliki (Ebonyi State) in 2022, were
interspersed throughout Sub-lineage 2 g across both
segments, clustering with sequences sampled from
humans and rodents in Owo from 2017 to 2019. Fur-
thermore, we found that previous sequences from
Ebonyi State from Sublineage 2 a-c show substantial
divergence to our new sequences across both segments
(Figure 4). We did not find any evidence of reassort-
ment in our sequences.

Discussion

In this LASV zoonotic surveillance study we evaluated
the ecological complexity of the virus among a large
variety of domestic and non-domestic animals. We
report the first detection of LASV by RT-qPCR
(21.6% positivity) and serology (11.5% seropositivity)

in multiple non-rodents living closely with humans
in LF-endemic and non-endemic regions in southern
Nigeria. In addition, we report the first complete gen-
omes of LASV obtained from non-rodents and pro-
vide evidence that they are infected with the same
lineage 2 g of the virus circulating in human popu-
lations in southern Nigeria. LASV infection has been
reported in numerous small rodent reservoirs [5-
7,29] and recently in non-human primates [18]. How-
ever, to date, no evidence of the virus in domestic ani-
mals other than dogs [30] has been documented,
despite their proximity to humans. Our findings indi-
cate that LASV infections occur in previously unre-
ported non-rodent hosts, and that these animals are
likely to be full-fledged reservoirs and not just inciden-
tal hosts.

In this study, various levels of LASV infection rates
in various animals were recorded. Overall, cats and
dogs had moderately high LASV positivity (22.2%
and 15.6% respectively). This may be because of the
predator-prey relationship between cats, dogs and
rodents (mice and rats). Dogs and cats often prey on
rodents around the house and bushes/field close to
the house [31,32] potentially exposing them to these
pathogens. Notably, a high LASV positivity was
recorded in lizards. This is not surprising because
lizards and small rodents are frequently in contact
(through exposure to faecal materials and urine) as
they are both found in buildings and farms where
they forage for the same food and shelter compared
to other animals. Moreover, zoonotic bacteria and
viruses have previously been isolated from the guts
of lizards found living closely with humans and ani-
mals [33,34].

Domestic animals, including goats, pigs and chick-
ens, are usually reared in backyard farms in many
regions of west Africa, including Nigeria. This is
expected because subsistence farming serves as a
means of livelihood to many families [35]. Detection
of LASV in these farmed animals considering their
close contact with humans and other animals, particu-
larly the shared environment, water, and food with
small rodent LASV reservoirs, provide opportunities
for cross-species infections. Furthermore, zoonosis
may occur in humans when pathogens from the wild
spill over into livestock, amplify within the livestock
and thereafter infect humans during handling, proces-
sing, or consumption [29]. In this study, goats had the
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Figure 4. The L and S segment phylogenies of Lineage 2 annotated according to Ehichioya et al. [28]. The sequences generated in
this study are highlighted by size (Shown in larger blue circles).
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highest LASV positivity (44.7%), despite their small
role in viral zoonosis transmission. Surprisingly,
pigs, which have been reported to act as intermedi-
ate/amplification hosts for new emerging zoonotic dis-
eases such as Japanese Encephalitis Virus, Influenza
virus, Nipah virus and Coronaviruses [37], had a rela-
tively lower LASV positivity of 20.3%. Host plasticity
and the abundance of animal hosts can remarkably
increase the incidence of disease in humans [36].
Therefore, there is a need for further investigation
into the role of goats and other non-rodent animals
in LASV transmission.

The positivity to LASV by PCR in non-rodents was
highest in Ebonyi State and among mammals, it was
highest in goats. Non-rodents, particularly goats and
chickens, in sampled communities in Ebonyi State
live in human dwellings and share their food. Goats
are in constant contact with small rodents and humans
in these communities. We hypothesize that the virus
likely circulates among those animal taxa and humans,
with a potential to cause reverse zoonosis. In Ondo
State, the highest LASV positivity was recorded in
dogs. In Ondo State, unlike in Ebonyi State, dogs
live closely with humans, often in their houses.
These findings further emphasize the role contact
with small rodents and humans may play in the infec-
tion of non-rodent animals.

Although in 2021 and 2022, no reports of human
LF infections were reported in Ogun and Oyo
[38,39], seroconversion to LASV and its evidence by
PCR in these animals suggest that the pathogen circu-
lates among animals in those states. It is likely that LF
cases may either be under-reported, undiagnosed, or
that transmission to humans is minimal. Genome-
wide Association Studies (GWAS) of humans with
respect to LF suggest that the Yoruba who form the
majority of people living in Southwestern Nigeria
(including Oyo and Ogun) are resistant to LASV
infections, because of the presence of natural selection
signal in the human LARGE gene [40]. However, there
is a need for further investigation in these states to elu-
cidate the prevalence and disease ecology of LASV
infection in both humans and animals.

Though Happi et al. [7] suggested specific tissues of
choice suitable for LASV detection in small rodents, in
this study, oral and rectal swabs were determined to be
more suitable when compared with plasma. Detection
of LASV in non-rodents using the oral and rectal
swabs corroborates other studies of viral detections
[41-43] and this should also be considered when col-
lecting samples for non-rodent LASV detection.
Although most LASV naturally infected domestic ani-
mals appeared to be relatively healthy, a few clinical
signs were recorded, and these vary slightly from taxa
to taxa. Notably, some of these signs were common in
most LASV infected animals and were significantly
different when compared to LASV negative animals.

Most LASV infected domestic animals showed
body temperatures within normal reference range
and a relatively high viral cycle threshold, suggesting
a low viral load. This is possibly indicative of the ani-
mal trying to contain the infection and not showing
major clinical signs. This is similar to what is observed
in LASV positive non-asymptomatic humans [44,45]
and the rodent reservoirs.

The moderate to mild dehydration observed in this
study in LASV infected animals has been reported as a
consistent clinical finding in NHPs [46]. In addition,
abnormal rapid breathing (tachypnoea), which was
observed in almost all LASV naturally infected dom-
estic animals sampled in our study, is also a clinical
sign consistent with human LF and LASV infection
in NHPs [45,46]. However, no clinical signs specific
to LASV infection was recorded in the animals
examined.

In this study, several animals from each mamma-
lian genus tested, exhibited seroconversion to LASV.
While serological data supports the PCR findings of
LASYV infection in non-rodents, the record of LASV
positive animals using both PCR and ELISA suggest
that those animals could be infected with different
pathogenic variants or strains belonging to different
lineages with no cross reactivity or cross protection
to infection. There could also be a potential reinfection
of the animals by the same viral variant. However, the
higher prevalence of LASV-positivity by PCR com-
pared to anti LASV IgG detection suggests that most
animals were actively infected.

The sampled animals and the human cases the
LASV cluster with phylogenetically most likely
resulted from spill-over events from shared common
ancestors of the current but severely undersampled
diversity circulating in the rodent reservoir [13]. How-
ever, without additional sampling of the rodent reser-
voir and non-rodents, we cannot determine the role
non-rodent hosts have in zoonotic infections. It is
not clear whether LASV infection in non-rodent ani-
mals represents sporadic infections from the rodent
reservoir, reverse zoonoses or whether LASV has cir-
culated in these host populations for a longer period.
These questions can and will be further addressed by
phylodynamic modelling of divergence estimates and
discrete trait analyses.

The phylogenetic interspersion of the Abakaliki
singletons is expected, as high LASV genetic diversity
is maintained by endemic persistence in the rodent
reservoirs over a wide geographic range. However,
the phylogenetic placement of the Abakaliki sequences
is inconsistent with both the geographic structure pre-
viously reported in the phylogeny, with Sub-lineage 2
a—c predominating in Ebonyi, and the smaller scale
movement of the reservoir [28,47]. The geographic
mixture of Sub-lineage 2g evident in our goat
sequences suggests that the spatial distribution and



movement of the lineage in rodent populations may be
less confined than previously thought [48]. It is highly
likely that increased systematic sampling of the rodent
reservoir and non-rodent animals will result in the dis-
covery of novel diversity and potentially expanded
geographic range of sub-lineages [47,49,50].

The genomic confirmation of circulating LASV in
domestic animals and lizards and the unravelling of
its monophlyletic clustering with lineage 2, which cir-
culates predominantly in Southern Nigeria from
humans in Ondo will provide additional valuable
information to be used for current public health pre-
ventive (early pathogen detection, vaccine design
and advocacy prevention) and control measures.

Conclusion

This study reports the first documentation of LASV in
various non-rodent animals, suggesting that LASV
may also be maintained in non-rodent hosts. The
detection of LASV in these animals raises the question
of their potential involvement in the transmission and
maintenance of LASV in the environment. The
identification and genomic characterization of LASV
in non-rodents will provide a better insight into the
current knowledge of the host-LASV interaction as
well as the evolution and diversity of the virus. This
will allow for better predictions of future Lassa fever
emergence. Lastly, there is a critical need to under-
stand infectivity and transmissibility amongst the var-
ious non-rodent animal species identified in this
study, and their potential to contribute to human
infections. To this end, the fight against LASV infec-
tion, a zoonotic disease, strongly requires the employ-
ment of the One Health surveillance approach.
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