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INTRODUCTION 

Viruses of the family Arenaviridae are enveloped viruses 
with a genome consisting of two single-stranded RNA segments,  

 
designated small (S) and large (L). The family is divided into 
three genera: Mammarenavirus which have rodents and bats 
as natural reservoirs; Hartmanivirus and Reptarenavirus [1] 
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which have snakes as natural reservoirs. Some viruses from the 
Mammarenavirus genus led to severe hemorrhagic fever outbreaks 
in Sub-Saharan Africa (Lassa virus (LASV) and Lujo virus) and in 
Central and South America (Junin virus, Machupo virus, Sabia virus, 
Charape virus and Guanarito virus). Particularly, Lujo virus (an 
emerging arenavirus found in South Africa) killed 4 of the 5 people 
who were infected [2] and Lassa hemorrhagic fever is responsible 
each year for thousands of cases and deaths in several countries 
of West Africa, including mainly Nigeria, Sierra Leone, Liberia and 
Guinea, where it is endemic [3]. In Central Africa, antibodies against 
LASV have been found in rodents in Cameroon [4], and in humans 
in Congo [5], two neighboring countries of Gabon. In addition, a 
recent study conducted in Gabon found antibodies against another 
arenavirus, the LCMV, among the human population [6]. 

The principal host reservoirs of LASV are the multimammate 
rats Mastomys natalensis and Mastomys erythroleucus. 
Preliminary studies shown that Mastomys natalensis is present 
in Gabon (personal data). Other pathogenic and non-pathogenic 
arenaviruses reservoir rodents have also been found in the country 
including Mus musculus (the natural host reservoir of Lymphocytic 
Choriomeningitis Virus (LCMV [7])), Praomys sp (the reservoir 
of Mobala and Ippy viruses), Lemniscomys striatus, Malacomys sp 
(other known hosts of Mobala and Ippy viruses [8]), Mus Nannomys 
sp (reservoir of Lunk, Gbagroube and kodoko viruses [9-11]), 
Hylomyscus sp (the reservoir of the Menekre virus [11]), R. rattus 
and R. norvegicus (found infected with the Wenzhou virus in 
China [12]) [6,13-15] and personal data. Recently, LCMV ARN has 
been identified both in its natural reservoir, the house mouse Mus 
musculus domesticus, a native species from Asia which would have 
been newly introduced into the country together with the virus 

[15], and others native rodents’ species [6]. Considering the risk 
factor of arenavirus infection to humans, the detection of LCMV 
antibodies in the Gabonese population, and the presence of natural 
arenavirus reservoirs in Gabon, combined with the recent discovery 
of LCMV in a new host (Atherurus africanus) [6], there is an urgent 
need to explore the circulation of these viruses among their natural 
reservoirs and investigate new arenavirus reservoirs to assess the 
potential of the circulation of LASV or other arenaviruses to wildlife 
in Gabon. With the ultimate objective of avoiding the infection of 
humans with these viruses.

MATERIALS AND METHODS

This project was carried out with the agreement of the National 
Ethics Committee for Research (CNER) of Gabon (N°0020/CNE/
SG/P). The samples were done by a veterinary team and coordinated 
by a veterinary expert FELASA (No.2011-38/VetAgroSup).

Animal Collection

Samples were collected throughout the country (Figure 1). Bats 
and rodents were caught in three and four provinces respectively 
whereas bushmeat samples were collected throughout the country 
near the nine biggest cities. Rodents were caught as previously 
described using a standard live-trapping protocol [13,14]. Bats 
capture was made with nets installed at the cave entrances just 
before twilight as previously described [16,17]. For bushmeat, 
animals were bought in special bushmeat markets, where legally 
hunted bushmeat is usually sold. For all samples from small and big 
mammals, the capture, sampling, and exportation were made with 
the permission of local authorities.

Figure 1: Map of Gabon showing localizations where samples have been collected. The 9 provinces of Gabon 
were chosen because they present different ecosystems, a forest ecosystem (Koulamoutou, Lastoursville, 
Lembarené, Makokou and Oyem), a savanna ecosystem (Gamba, Léconi, Port-Gentil and Tchibanga,) both 
forest and savanna ecosystems (Bakoumba, Franceville and Mouila), and an urban environment (Libreville). 
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Species Identification

The identification of bats and bushmeat species was made by 
trained field biologists. For rodents, morphological identification 
was made using identification keys [13,18,19] while molecular 
identification was done using a partial sequence of mitochondrial 
cytochrome b gene [15,20] and microsatellites for Rattus rodents 
previously used for a population genetic study [14].

Captured bats and rodents were removed carefully as soon 
as possible to minimize injury, drowning, strangulation, or 
stress according to the guidelines of the American Society of 
Mammalogists [21]. Safe euthanasia was practiced according to 
the Felasa protocol and autopsy was performed. Samples of brain, 
feces, heart, intestine, kidney, liver, lung, and spleen were collected, 
frozen individually in the cryotubes and transported to the CIRMF 
(Centre Interdisciplinaire de Recherches Médicales de Franceville) 
laboratory where they were stored at -80 °C until molecular 
analyses.

RNA Extraction from Organs

Livers and spleens were pooled and crushed in 600µl of cold 
phosphate buffered saline (Ambion) for 2min at 1500 strakes/min 
in a ball-mill tissue grinder (2000 Geno/grinder, SpexCertiprep). 
One hundred microliters of this suspension were incubated in 300µl 
of Qiagen lysis buffer for 10min and total RNA was extracted from 
this mixture using EZ1 RNA Tissue mini kit and the EZ1 BioRobot 
automat both from Qiagen, in the presence of DNase (Qiagen) and 
according to the manufacturer’s instructions.

Virus Molecular Detection

Two conventional One Step RT-PCR systems without nested 
step have been used for the search of all arenaviruses RNA. Analyses 
were performed on total RNA extracted from five pooled samples 
from the same species of rodents, bats and bushmeats. If pooled 
samples were positive, these samples were then tested individually.

The first conventional PCR system used generic primers 
ARS16V (5’-GGCATWGANCCAAACTGATT-3’) and ARS1 
(5’-CGCACCGGGGATCCTAGGC-3’) targeting the glycoprotein gene 

of arenavirus with a modified protocol from Lozano et al. [22]. 
Reverse-transcription was performed separately using High-
Capacity cDNA Reverse Transcription kit from Applied Biosystems 
according to the manufacturer’s instructions; followed by PCR 
using SuperScript III One-Step RT-PCR System with Platinum 
Taq DNA Polymerase (Invitrogen by life technologies) in the final 
reaction volume of 25µl, containing 5µl of cDNA, 12.5µl of 2x 
Reaction Mix, 0.4µM of each primer and 1µl of SuperScript III RT/
Platinum TaqMix. Samples were heated to 95 °C for 2min, followed 
by 40 cycles of 30s at 95 °C, 30s at 55 °C and 1min at 72 °C, with a 
final extension step at 72 °C for 5min.

The second conventional one step RT-PCR 
system used generic primers LVL3754A-minus 
(5’-CACATCATTGGTCCCCATTTACTATGATC) and LVL3359A-
plus (5’-AGAATTAGTGAAAGGGAGAGCAATTC) targeting the 
RNA polymerase of arenaviruses with a modified protocol from 
Lecompte et al. [9]. Reverse transcription was also performed using 
SuperScript III (Invitrogen by life technologies) followed by PCR in 
a final volume of 25µl containing 5µl of RNA, 12.5µl of 2x Reaction 
Mix, 0.4µM of each primer and 1µl of SuperScript III RT/Platinum 
TaqMix with the same condition that the first conventional PCR 
system used. Cycling conditions were the following: 45min at 50 
°C, 94 °C for 2min, followed by 45 cycles of 30s at 94 °C, 1min at 60 
°C and 2min at 68 °C, final extension step at 68 °C for 7min and an 
additional hold at 20 °C for 2min.

For all conventional PCR systems, samples at the expected size 
(640bp for the first system and about 480bp for the second system) 
after amplification, were purified (when necessary) directly from 
agarose gel using QIAquick Gel Extraction kit (Qiagen) and sent for 
sequencing at SeqLab (Göttigen, Germany).

RESULTS

From 2009 up to 2014, livers and spleens were collected 
from a total of 1,379 bats, 252 bushmeats and 1,975 rodents and 
shrews. Collected animals were seven species from both bats and 
bushmeats, 17 genera among rodents and one shrew species (Table 
1).

Table 1: Number and species distribution of sampled animals by localities in Gabon. For rodents and shrew, other species 
include Crocidura sp (4 individuals), Stochomys longicaudatus (5 individuals), Deomys ferrugineus (6 individuals), Hybomys 
univittatus (4 individuals), Cricetomys emini (11 individuals), Malacomys longipes (8 individuals), Heimyscus fumosus (8 
individuals), Grammomys poensis (2 individuals) and Oenomys hypoxanthus (2 individuals); and for bushmeats other 
species comprise Nandinia binotata (3 individuals), Osteolaemus tetraspis (1 individual), Phataginus tricuspis (1 individual) 
and Manis gigantean (8 individuals).

Geographic Localization
Total

Est H-Og Moy-Og Ngou Nyang Og-Lolo Og-Inv Og-Mar W-Ntem

Rodents 1975

Mus Nannomys ssp 1 113 - - - - 11 111 - 236

Mus musculus 93 58 - - - - 45 - - 196

Praomys sp - 135 - - - - 60 25 - 220

Hylomyscus sp - - - - - - 32 22 - 54

L. striatus - 162 - - - - - - - 162

Rattus sp 26 809 - - - - 75 - - 910

Lophuromys sp - 88 - - - - 1 - - 89

M. natalensis - 58 - - - - - - - 58
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Others - 14 - - - - 20 16 - 50

Bats 1379

Coleura afra - - - - - - 39 - - 39

H. caffer - 5 - - - - 335 - - 340

H. gigas - - - - - 4 241 - - 245

M. inflatus - 155 - - - 4 76 - - 235

R. aegyptiacus - 8 - - - 156 187 - - 351

E. franqueti - 159 - - - - - - - 159

Rhinolophus sp - - - - - - 10 - - 10

Bushmeats 252

Cephalophus sp 1 16 17 30 17 29 46 16 44 216

Atherurus africanus - - - 2 - - 5 - 3 10

P. porcus - 3 1 - 1 1 5 1 1 13

Other species - - - 2 - - 6 - 5 13

Among bats, Rousettus aegyptiacus (351 individuals) was the 
most collected species, followed by H. caffer (340 individuals), 
H. gigas (245 individuals) and M. inflattus (235 indviduals)). 
Cephalophus sp was the most frequently encountered species 
among bushmeats (Table 1). The most representative genera among 
rodents were imported species (Rattus sp (rattus and norvegicus) 
(910 individuals), and Mus musculus domesticus (196 individuals)) 
which all account for nearly 56% of all collected rodents and 
one native species (Mus Nannomys ssp (236 individuals)). Other 
collected native species include Praomys sp, Hylomyscus sp, M. 
natalensis, Lemniscomys striatus and Malacomys longipes (Table 1), 
all are known as natural reservoirs of arenaviruses. The majority 
of these native rodent species were found outside human dwelling 
both in semi-urban and rural areas whereas imported species were 
mostly caught inside human dwellings in urban (Libreville) and 
semi-urban areas (Franceville and Makokou) (Table 1).

We looked for arenavirus RNA in livers and spleens from all 
the 3606 collected animals by the two PCR systems. Unfortunately, 
all the analyses were negatives suggesting that none of the tested 
samples were infected by arenaviruses.

DISCUSSION

Although during this study we found both invasive and native 
rodent species, the latter ones are poorly represented and live 
far from human dwelling. That should be due to the introduction 
of invasive species which tend to push away from housing native 
species and dominate them when invading an area [23]. However, 
we cannot exclude that the trapping method (inside and around 
human dwelling only) could also result in this difference. So, for the 
future, it will be necessary to catch rodents not only in and around 
human dwellings, but also in forests and savannas in both semi-
urban and rural areas to get more specimens by species.

Negative PCR results obtained in bats are in line with all the 
studies performed on these animal species, strengthening the 
hypothesis that bats probably are not reservoirs for arenaviruses 
[24]. In fact, a recent study conducted in 2017 in Trinidad, found 
no RNA of arenaviruses in bats [25]. However, the detection of 
antibodies specific to the Tascaribe virus (TCRV) nucleocapsid 
antigen in Artibeus jamaicensis during that study [25] clearly 

showed that bats could be naturally exposed, even infected, 
with arenavirus. In addition, experimental infection of Jamaican 
Fruit Bat by TCRV caused substantial mortality and morbidity in 
bats [24]. These findings indicate that further studies need to be 
undertaken to elucidate the role of bats within the natural cycle of 
some arenaviruses. However, few individuals have been caught for 
some bat species and sampling was done only in three Gabonese 
provinces. Thus, the results we observed should be due to the size 
and restricted geographical location of samples. Thus, we need 
increase and diversify species sampling all around the country and 
add new species, such as insectivorous bats.

In view of the recent discovery of LCMV ARN in Atherurus 
africanus [6] and regarding arenaviruses discovery in new hosts 
such as snakes [26] and shrews [12], research was conducted 
on bushmeat during this study. Unfortunately, our results were 
negative. Nevertheless, we caught only 10 Atherurus africanus 
animals, 4 shrews and no snakes during this study. To our 
knowledge, in the literature, only one study detected LCMV RNA in 
only one Atherurus africanus animal among the 18 tested during 
that study [6] and no other animal species had a positive RNA or 
antibodies result; suggesting that the infection of these animals is 
rare. Our study and the previous one [6] constitutes preliminary 
studies in this field and need to be strengthen by a bigger number 
of animals sampled.

Rodents are natural reservoirs of the Arenaviridae family, so one 
would expect to find mammarenaviruses among the tested animals. 
However, we failed to detect any virus despite the presence of well-
known natural arenavirus reservoirs like M. natalensis, Praomys 
sp, M. Nannomys ssp, Lemniscomys striatus, Malacomys longipes, 
Hylomyscus sp, Rattus rattus, Rattus norvegicus and Mus musculus 
domesticus in collected animals. These results are in accordance 
with one previous Gabonese study [13] and could be explained by a 
number of hypotheses.

 The first one is the geographical hypothesis, which postulates 
that viruses are sometimes present only in a restricted part of their 
host’s geographic range [27]. Some arenaviruses have not been 
detected in all geographical areas occupied by their reservoir even 
if for the majority of viruses, the geographical distribution matches 



Nadine N’dilimabakaResearch Article

       2022 Open Access Journal of Biomedical Science  Open Acc J Bio Sci. March-April- 4(2): 1697-1703C

Research Article

1701

with the distribution of his natural host [27,28]. Indeed, since its 
discovery in 1969, LASV is constrained to Sub-Saharan West Africa 
[29,30], despite the presence of his host throughout the African 
continent [31]. In the same way, Mopeia, Morogoro and Gairo 
viruses have been detected only in the eastern part of Africa [32-
34] and many other arenaviruses have been detected only in one 
region across the entire African continent [9-11,35-37]; suggesting 
that in the Arenaviridae family, many viruses should be restricted to 
one part of the African continent. This restriction if not only limited 
to some parts of the African continent but is also applicable to one 
country [27]. This could explain why previous studies found LCMV 
in different hosts in Gabon [6,15], while another one [13] and the 
present study failed to detect any viruses.

This geographic hypothesis would be explained by the second 
hypothesis: viral distribution can be impacted by the genetic 
structure of the host [27,38]. M. natalensis, one of the most 
widespread rodents in Sub-Saharan Africa, displays six divergent 
mitochondrial phylogroups differently distributed across the 
Africa: A-I phylogroup in Western part, A-II in the center, A-III, 
B-IV and B-V in the Eastern part and finally B-VI in the Southern 
part [27,39]. These different phylogroups also carry different 
Mammarenavirus species. LASV restricted to West Africa is carried 
by the M. natalensis’ phylogroup A-I and A-II (only from the west 
part of the Niger river for this last phylogroup) [40], suggesting a 
natural geographic barrier for virus dispersion [41,42]; a Mobala-
like virus is carried by the phylogroup A-II [40] while other viruses 
restricted to the Eastern and Southern parts of Africa are carried by 
the B-IV (Gairo virus) [27,33,43], B-V (Morogoro virus) [27,34,43] 
and B-VI (both Mopeia [44] and Luna [27,45] viruses) phylogroups. 
The fact that some phylogroups (A-I, B-IV, B-V, and B-VI) virus 
reservoirs are not present in Gabon would explain the absence of 
viruses like Gairo, LASV, Luna and Morogoro.

The third hypothesis is that there is a relationship between host 
density and the presence of the virus; this means that a virus may 
be absent where the host density is below a persistence threshold 
[27,46]. A study made in Tanzania shown that among 1,772 rodents 
from the species M.natalensis tested for the arenavirus, only 52 
were positive (2.93%) [27], confirming that the prevalence of 
mammarenaviruses among their natural reservoirs is very low. The 
size of our animal collection is small and for many of these animals, 
we collected less than 40 individuals by species. That would not 
be enough to detect positive animals. It should be necessary to 
increase the number of animals by species.

The fourth hypothesis is that the dilution effect, that is to say 
rodent richness, would have a protective effect on the geographical 
expansion of viruses [42,47], as previously demonstrated for 
LASV [42]. Rodent species richness showed a significant negative 
association with Lassa fever emergence [42]. A high diversity of 
rodent species could suppress the activities of reservoir rodents and 
reduce the likelihood of spillover transmission from rodents. High 
rodent species diversity could decrease the migration of infected 
rodents from the disease endemic area [42,47]. The dilution effect 
could occur when there are a great deal of host species available, 
such as in our study, as 17 rodent genera were caught. 

In this study, we used degenerated primers which allow the 
detection of all known members of the Arenaviridae family, but 
also decrease the sensibility of detections. Thus, we need to use a 
multiplex system, which will allow for more specific detections.

Furthermore, serological information by screening antibodies 

such as immunoglobulin G could help with detecting previous 
infections, thus providing further insight on the circulation of 
arenaviruses in Gabon. Indeed, several previous studies support the 
acute infection model that postulates that small mammals’ infection 
by arenaviruses are normally acute, which means that (i) there is 
an increase of mortality among infected rodents [28,32,48,49], (ii) 
viral clearance operates quickly and, (iii) is replaced by antibodies 
production among survivals [50-52]. Thus, tested individuals are 
positive either by PCR or IgG [53]. 

CONCLUSION

Even if all molecular analyses for the detection of arenaviruses 
RNA in our sample collection were negative, we cannot exclude 
the circulation of other arenaviruses besides the LCMV in Gabon. 
Ultimately, in this study we caught many rodent species reservoirs 
of arenaviruses (Mastomys natalensis, Hylomyscus sp, Rattus sp, Mus 
musculus, Praomys sp, Lemniscomys striatus, Malacomys sp and Mus 
Nannomys) that were found infected in neighboring countries like 
Central African Republic. Therefore, to gain further insight from 
investigations of animal reservoirs of arenaviruses in Gabon, it will 
be necessary to add new technologies like antibodies detection 
and Next Generation Sequencing, together with the increase of 
the number of animals by species. Indeed, in faraway geographical 
areas from endemic areas, few reservoir species are found infected 
and/or the viral load is too low to be detectable by PCR. 
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