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Abstract: 
 
Background: One of the main health problems in West Africa remains upsurge of emerging pathogens. Ebola 
virus disease outbreak occurred in 2014 in Liberia, Guinea and Sierra Leone, Monkeypox virus in Nigeria in 2017 
and most recently Lassa virus in Nigeria, Togo and Benin in 2018. These pathogens have animal reservoirs as 
vectors for transmission. Proper investigation of the pathogens in their rodent vectors could help reduce and 
manage their emergence and spread. 
Methodology: This study was conducted with an approval from the Côte d’Ivoire Bioethics Community. Small 
mammal trappings were carried out in 9 sites within three zones namely, peri-urban, peri-rural and protected 

areas. Liver, lung and kidney tissues from trapped small mammals were sampled in accordance with the 
recommended conditions of biosafety and bioethics. The organs were transported in liquid nitrogen to the 
laboratory. Molecular tests were used to detect pathogens. Orthopoxviruses and Monkeypox virus were detected 
in the organs by PCR using consensus primers targeting the virus surface membrane haemagglutinin (HA) genes, 
while Leptospira species were detected by PCR using primers targeting the rrs and lfb1 genes. 
Results: Out of 4930 night-traps, 256 (5.19%) small mammals were trapped including Crocidura, Rattus, 
Lophuromys, Praomys, Mus and Mastomys. Leptospira species were detected in 6 genera from 7 study sites and 
the infected small mammals accounted for 13.3%. Leptospira sp was detected mainly in the rodent vector genera 
Rattus (32.3%), Lophuromys (29.0%), and Praomys (16.1%). Three species of Leptospira were detected and 
Leptospira interrogans was the most common frequent species (74.2%). Monkeypox virus was not detected from 
studied small mammals. 
Conclusion: The initial data from our investigation indicates the presence of Leptospira sp in rodent vectors, 
Rattus, Lophuromys and Praomys, which are the potential small mammalian reservoirs of this pathogen in Cote 
d’Ivoire. 
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Résumé: 
 
Contexte: L'un des principaux problèmes de santé en Afrique de l'Ouest reste la recrudescence des pathogènes 
émergents. En 2014, une épidémie de maladie à virus Ebola s'est produite au Libéria, en Guinée et en Sierra 
Leone, Monkeypox virus au Nigeria en 2017 et plus récemment Lassa virus au Nigeria, au Togo et au Bénin en 
2018. Ces agents pathogènes ont des réservoirs animaux dont les rongeurs impliqués dans la transmission à 
l’homme. Une investigation appropriée de ces réservoirs pourrait aider à réduire et à gérer la propagation de ces 
agents pathogènes émergents.              
Méthodologie: Cette étude a été menée avec l'approbation du comité bioéthique de Côte d'Ivoire. Des piégeages 
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de petits mammifères ont été effectués sur 9 sites répartis en trois zones, à savoir les zones périurbaines, 
périrurales et protégées. Des tissus du foie, du poumon et des reins de petits mammifères capturés ont été 
prélevés conformément aux recommandations en biosécurité et de bioéthique. Les tissus prélevés ont été 
transportés dans de l'azote liquide jusqu'au laboratoire. Des tests moléculaires ont été effectués pour détecter 
les agents pathogènes. Monkeypox virus a été recherché dans les tissus par PCR à l'aide d'amorces consensus 
Orthopoxvirus ciblant les gènes de l’hémagglutinine et puis à l’aide d’amorces spécifiques ciblant des gènes de la 
membrane de surface du Monkeypox virus. Leptospira a été recherché par PCR à l'aide d'amorces ciblant les 
gènes rrs et lfb1.                           
Résultats: Pour 4930 nuit piège, 256 petits mammifères ont été capturés. Le taux de succès de capture était de 
5,19%. Les rongeurs capturés étaient du genre Crocidura, Rattus, Lophuromys, Praomys, Mus et Mastomys. 
Leptospira a été détecté chez 13,3% des rongeurs capturés. Cette bactérie a été isolée sur 7 sites sur 9. 
Leptospira sp a été détecté principalement chez les rongeurs du genre Rattus (32,3%), Lophuromys (29,0%) et 
Praomys (16,1%). Trois espèces de Leptospira ont été détectées dont Leptospira interrogans, l'espèce la plus 
fréquente (74,2%) isolée. Monkeypoxvirus n'a pas été détecté chez les petits mammifères capturés.   
Conclusion: Les premières données de notre investigation indiquent la présence de Leptospira sp, chez les 
rongeurs Rattus, Lophuromys et Praomys, qui sont les potentiels réservoirs de ce pathogène en Côte d'Ivoire. 
 
Mots clés: Environnement; réservoir; agent pathogène émergent; Côte d'Ivoire; Afrique de l'Ouest 
 

Introduction: 
 

 The new challenge of West Africa reg- 

ion on health was the fight against emerging 
pathogens. The recent events are worrying. In 
2014, Ebola virus disease occurred in Guinea, 
Liberia and Sierra Leone for up to 20,000 
cases (1,2). After the isolation of Monkeypox 
virus in a dead primate in the Tai-forest of 
Cote d’Ivoire in 2012 (3), Monkeypox virus 

epidemic disease went up to 80 cases in 2017 
in Nigeria (4). Lassa fever outbreak, caused by 
a haemorrhagic fever virus, also occurred in 
Benin, Togo and Nigeria in 2018 (5,6). In addi- 

tion to these viruses, the threat of Leptospira 
bacteria is real. Studies have shown the pre- 

sence of these bacteria in humans suspected 
with viral fever (7,8). These pathogens have 
animal reservoirs as vectors for transmission 
(9-13).   
 The contact among people and ani- 
mals is frequent for various reasons including 
urbanization, agriculture or hunting. This con- 

tact promotes pathogen transmission and spr- 
ead in the human population. Cote d’Ivoire, a 
West Africa country with more than 20 million 
inhabitants remain under the threat of these 
pathogens. The largest population movements 
in the region are towards Cote d’Ivoire. It is 

paramount to develop the different strategies 

taking into account the reservoir animal vec- 
tors to cope with threats. Proper investigation 
of the pathogens in their animal vectors could 
help reduce and prevent their emergence and 
spread. Therefore, the local investigation sci- 
entist group for emerging pathogens, compo- 

sed of physicians, veterinarians, microbiolo- 
gists and epidemiologists, was created, with 
the aim of identifying the main animal reser- 
voir vectors. 
 

Materials and method:  
 

Study sites 
 The investigated sites were chosen 
according to bibliography data (14-16). Seve- 

ral emerging pathogens such as Leptospira, 
Monkeypox virus, and haemorrhagic fever 

viruses were investigated. For biosafety level, 
Leptospira and Monkeypox virus were investi- 
gated in the first phase. Human serology test 
results for Leptospira and Orthopoxviruses in 
Cote d’Ivoire were obtained (8,17). Small 
mammal trappings were carried out at 9 sites 
within three zones namely; peri-urban, peri-

rural and protected areas (Fig. 1). 

 
Bioethics approval  

 This study was conducted with an app- 

roval from the Côte d’Ivoire Bioethics commu- 
nity (Number of bioethics agreement 024/ 

MSLS/CNER-dkn in 2015). Biodiversity protec- 
tion, ecology protection, biosafety and bio- 
ethics remain the preoccupation of the investi- 
gating group. 

 
Small mammals trapping and autopsy:  

 Rodents trapping were made by Sher- 
man trap, Chauvancy trap, locally made trap 
and Pitfalls trap. Traps used in this study were 
all livetraps. The laying of traps was done at 5 
pm and checked in the morning at 6 am. The 
traps were arranged in line of 20 separated by 

5 meters for 3 successive days. The traps con- 

taining rodents were retrieved and replaced 
with a new one. All trapped small mammals 
were transported to the autopsy sites under 
biosafety conditions.  
 The rodents were anaesthetized with 
isofloran. After measurements and phenotypic 

identifications were made, autopsy was perf- 
ormed, and the liver, lung, kidney and other 
organs were harvested in accordance with the 
recommended conditions of biosafety and bio- 
ethics. Three to four tissue samples were rem- 
oved per organ. Samples were transported in 

liquid nitrogen to the laboratory. Carcasses 
were preserved in 2% formalin. All infectious 
wastes produced during autopsies were inci- 

nerated. Fig 2 shows the workflow for sample 
processing.
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Fig 1: Study sites investigated for rodent reservoirs of emerging pathogens in Cote d’Ivoire  

(The black stars are the different sites, the sites written in blue are peri-urban, in black are peri-rural areas and in red are protected areas) 

 
 

 

 
 

 
 

 
 
 
 
 
 
 

Fig 2: Workflow process of trapping and autopsy of rodents 

1 = Inspection of trapping sites, 2= specimen trapping (here a local trap), 3 = Autopsy delimited zone, 4 = equipment 

wearing for autopsy, 5 = liquid nitrogen for transport sample. 
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Rodent identification:  

 Identification of rodents was based on 
morphological characteristics. The measure- 
ments (general length, body/tail percentage, 
head-to-body length, tail length, posterior leg 
length (soles), length of the ears) were deter- 

mined as previously described by Herbreteau 
(18). The weight and coat inspection were 
taken into account. 
 
Tissues preparation  

 About 25g of kidney, liver or lung were 
ground in a sterile mortar with a sterile pestle. 
The ground material obtained was dissolved in 

1 ml of 1 x PBS. This mashed potato-like mat- 
erial obtained was used for the extraction of 

DNA 
 
DNA extraction:  

 The DNeasy Blood and Tissue Kit 
(Qiagen® Cat No./ID: 69506) was used for 
DNA extraction from the tissues. To 200 μl 
broth of tissue, 180 μl of ATL buffer and then 

20 μl of proteinase K, were added. The whole 
solution was incubated at 56°C for 1 hour in a 
thermomixer, then 200 μl of buffer AL and 200 
μl of absolute ethanol were added for the 
precipitation of the DNA. DNA was collected on 
a silicate spin column and then washed with 

AW1 and AW2 solution. A volume of 200 μl of 
eluate buffer AE was used to collect the DNA 
 
Molecular detection of Orthopoxvirus and 
Monkeypox virus by PCR assay  

 Molecular detection of Orthopoxvirus 
and Monkeypox virus was done by PCR using 
consensus primers of Orthopoxviruses desi- 
gned from the virus surface membrane HA 

gene (forward: EACP1: 5' ATG ACA CGA TTG 
CCA ATA C 3', and reverse: EACP2: 5' CTA 
GAC TTT GTT TTC TG 3') with expected PCR 
product band size of 942 bp (19). For Monkey- 
pox virus, the primers used were forward: 
MPV1: 5' CTG ATA ATG TAG AAG AC 3' and 
reverse: MPV2: 5' TTG TAT TTA CGT GGG TG 

3' with expected PCR product of 406 bp size 

(19).      
 The GoTaq G2 Flexi DNA polymerase 
kit (Promega Corporation, USA) was used for 
the PCR mixes, containing 0.2 μM of each 
primer, 1.5 μM, MgCl2, 0.1 μM dNTPs, 1unit 
Taq polymerase, 1 x of buffer and 5 μl of DNA 

template for a final volume of 50 μl. Ampli- 
fication conditions for the detection of Ortho- 
poxviruses were; 94°C for 5 min (1 cycle), 
94°C for 30 sec, 48°C for 1 min, 72°C for 1 
min (36 cycles), and then 72°C for 8 min (1 
cycle). The PCR products were viewed on a 

GelDoc Bioanalyzer (BioRad®) after electro- 
phoresis on 1.5% agarose gel. 
 

Molecular detection of Leptospira by PCR 

 Molecular detection of Leptospira was 
performed by PCR targeting the rrs and lfb1 
genes. PCR targeting rrs gene used primers 
previously published by Merien (20) (LA:5’-
GGCGGCGCGTCTTAAACATG-3’ and LB:5’-TTC 

CCCCCATTGAG CAA GATT-3’), which amplify a 
331 bp PCR product. The Taq DNA Polymerase 
kit (New England BioLabs®) was used for the 
PCR mixes containing 50 mM KCl, 10 mM Tris-
HCl (pH 8.4), 2 mM MgCl2, 1 μM of each oligo, 
200 μM of each dNTPs and 1 UI of Taq DNA 

polymerase. Five microlitres of DNA template 
was used for a final volume of 50μl. Ampli- 
fication conditions were as follows; 94°C 3 min 

(1 cycle), 94°C 1 min, 63°C 1 min 30 sec, 
72°C 2 min (30 cycles), and 72°C 10 min (1 
cycle). The PCR products were viewed on a 
GelDoc Bioanalyzer (BioRad®) after electro- 

phoresis on 1.5% agarose gel stained by SYBR 
safe (ThermoScientific®). Bench Top 100 bp 
DNA Ladder (Promega®) was used as the size 
marker.  
 Real time PCR targeting the lfb1 gene 
used primers previously published by Merien 
(21) (LFB1-F: 5’-CATTCATGTTTCGAATCATTT 

CAAA-3’ and LFB1-R: 5’-GGCCCAAGTTCCTTC 
TAAAAG-3’. The Maxima SYBR Green qPCR 
Master Mix (Sigma®) was used for the PCR 
mixes with 0.8 μM of each oligos, 0.5 μL of 

1/10 dilution of Rox dye and 5 μL of DNA 
template for a final volume of 25 μL. Ampli- 

fication conditions were as follows; 95°C 10 
min (1 cycle), 95°C 15 sec, and 57°C 1 min 
(49 cycles). This stage was followed by Tm 
analysis with 0.5°C increase each 30 seconds 
between 75 to 90°C. 
 
Data analysis  

 Statistical analysis of data was perfor- 

med using EPI INFO 7.2 software and the Chi- 
square test was used to compare the variables 
with significance level of p fixed below 5%. 
 

Results:  
 
 The number of night-trap was 4930 for 
a total catch of 256 specimens, with trapping 
success or yield of 5.19% (range of 1.35% to 
8.75% depending on the trapping area). Over- 
all, the yield was 2.9% in protected areas, 
4.5% in peri-rural areas and 8.2% in peri-

urban areas (protected areas vs peri-urban 
areas X2=57,96, p<0.00001, peri-rural vs 
peri-urban areas X2=11,48, p<0.001, protec- 
ted areas vs peri-rural areas X2=4.7, p<0.01) 
(Table 1). Success rate was higher in the 
residential of peri-urban areas, and diversity 

was more in forest and bush of protected area.
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Table 1: Small rodents trapping success by area and sites 

 
Capture site Night-trap 

number 
(n = 4930) 

Specimen 
captured number 

(n = 256) 

Trapping success 
efficiency (%) 

(5.19%) 

X2 p value 

Protected areas  
 
 
 

4.18 (a) 
11.48 (b) 

57.96.33 (c) 
 

 
 
 
 

<0.04*(a) 
<0.001*(b) 

<0.00001*(c) 
 
 

Azagny 590 8 1.32 
Banco 840 27 3.2 

Bossématié 600 17 2.83 
Lamto 240 14 5.8 

Sub-total 2,270 66 2.90 

Peri-rural areas 

Soko 500 25 5.0 
Gbetitapea 300 11 3.6 

Sub-total 800 36 4.5 

Peri-urban areas 

Adiopodoumé 840 70 8.33 
Akouédo 720 63 8.75 
Songon 300 21 7.0 

Sub-total 1,860 154 8.2 
 (a): comparison of trapping success-protected areas and peri-rural areas; (b): comparison of trapping success-peri-urban areas and peri-rural area;                   

(c): comparison of trapping success-protected areas and peri-urban area; X2= Chi square; * = statistically significant 

   
Table 2: Micromammals captured 

 
Order Family Genus Number 

(n = 256) 
Percentage 

(%) 

Insectivora 
(Eulipotyphia) 

(n= 60) 

Soricidae Crocidura 60 23.4 
 
 

Rodentia 
(n=195) 

Scuiridae Funisciurus 5 2.0 
Gerbillidae Tatera 3 1.1 

Cricetomydae Cricetomys 3 1.1 

Muridae Rattus 70 27.34 
Lophuromys 28 10.9 

Praomys 25 9.7 
Mus 20 7.8 

Mastomys 20 7.8 
Lemniscomys 5 2.0 

Uranomys 4 1.5 

Myomys 3 1.1 
Hylomuscus 2 0.7 
Hybomys 1 0.4 
Nanomys 1 0.4 

Malacomys 1 0.4 

Not identified 5 2.0 

 

 
 A total of 256 small mammals were 

trapped including 76.2% (n=195) rodents and 
23.8% (n=60) insectivora. The insectivora 
consists mainly of the genus Crocidura, with 
species such as Crocidura olivieri (90.2%), 
Crocidura occidentalis (1.6%), Crocidura obs- 

curuor (3.3%) and Crocidura sp (3.0%). Con- 
cerning rodents, four families were trapped 
including Muridae, Sciuridae, Gerbillidae and 
Cricetomydae with 94.4% being Muridae with 
mainly genera; Rattus, Lophuromys, Praomys, 
Mus and Mastomys (Table 2). Diversity of 
trapped animals was seen in protected areas 

but abundance was more in urban areas 
(Table 3) 
 Liver, kidney and lung were analysed 

by molecular test to detect Monkeypox virus 
and Leptospira bacteria. One (0.39%) Croci- 
dura olivieri liver was positive for Orthopox- 

virus but Monkeypox virus negative, and was 

a rodent of urban area. Leptospira DNA was 
detected in 31 (12.1%) small mammals, which 
included 6 genera; Rattus sp (32.3%, n=10), 
Lophuromys sp (29.0%, n= 9), Praomys sp 
(16.1%, n=5), Mastomys sp (9.7%, n=3), 

Mus sp (6.5%, n=2) and Crocidura sp (6.5%, 
n=2).      
 Of the Leptospira infected small mam- 
mals, Lophuromys sp was the most infected 
(36.0%), followed by Praomys sp (20.8%), 
Rattus sp (16.7%), Mastomys sp (12.0%), 
Mus sp (9.5%) and Crocidura sp (3.8%). 

Three Leptospira species were detected, Lept- 
ospira interrogans was commonest (74.2%), 
followed by Leptospira borgpetersenii (16.1%) 

and Leptospira kirshneri (9.7%). Fig 3 shows 
distribution of infected small mammals in the 
9 trapping sites. 
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Table 3: Micromammal captured by area and sites 

 
Species of micromammal Peri-rural area 

Abundance = 36 
Diversity = 11 

Protected area 
Abundance = 66 
Diversity = 14 

Peri-urban area 
Abundance = 154 

Diversity = 11 

Soko Gbetitapea Azagny Lamto Bossématié 
 

Banco Adiopodoumé Songon Akouédo 

Crocidura olivieri (n=55) 2 3  2  5 23 7 13 

Crocidura occidentalis (n=1) 1    

Crocidura obscuruor (n=2)         2  

Crocidura sp (n=2) 1  1   

Mastomys natalensis (n=15) 9 3                 3 

Mastomys erythrolocus (n=5) 2          2                1 

Mus mucuslus (n=20) 3   16  1 

Myomys daltoni (n=3) 3    

Praomys sp (n=25) 4  3  12 5                1 

Hylomuscus sp (n=2)         2  

Cricetomys sp (n=3) 1 2    

Lophuromys sp (n=27)  1 1  1 7 10 7  

Lophuromys sicapusis (n=1)         1  
Rattus rattus (n=16)  1         5 3  7 

Rattus norvegicus (n=24)         4 10 2 8 

Rattus sp (n=31)               31 

Hybomys sp (n=1)         1  

Malacomys longipes (n=1)         1  

Tatera sp (n=3)  3   

Lemniscomys sp (n=5)         3               2 

Uranomys ruddi (n=4)         4  

Funisciurus carruthesis (n=5)                5 

Nanomys sp (n=1)                1 

Not identified (n=4) 1                 3 

Abundance 25 11 8 14 17 27 70 21 63 

Species wealth 8 5 5 5 4 5 7 5 4 
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Fig 2: Distribution of infected small mammals by trapping sites 

 

Discussion: 
 

 Success rate of trapping in our study 
was similar to Duplantier in Madagascar during 
an investigation of a plague epidemic (22) and 
he had linked this rate to a significant death of 
the murine population due to the plague 

epidemic. He also noted a high rate of success 
capture in homes, which was due to the fact 
that they are food storage areas attracting 
rodents. It is an important factor of contact 
between humans and rodents. On the other 
hand, Le Quilliecet (23) reported a lower rate 
1%, which was attributed to the low rodent 

density in the trapping area and the model of 
trap used. Thus, several factors could influ- 
ence the success rate including rodent density 
in the area and the type of trap used. Diversity 
of rodents captured was important in protec- 
ted area. This is due to the absence or reduc- 

tion of the human impact on protected areas.  
 Several genus including Crocidura, 
Rattus, Mastomys, Mus, Myomys, Praomys, 
Hylomuscus, Hybomys, Lophuromys, Malaco- 
mys, Terara, Lemniscomys, Uranomys, and 
Nanomys were captured in this study. In Côte 
d'Ivoire, several studies had already under- 

lined this diversity (24-28) and this was also 
confirmed in other West African regions (28). 
The involvement of rodents captured in the 

transmission of certain diseases is well known 

(9-13). 

 However, for pathogen like Monkey- 
pox virus, doubts still exist for the true reser- 
voir. The most suspected reservoir vector 
would be Funisciurus anerythrus (30,31). In 
the first phase of this study, Monkeypox virus 
was not isolated, however, the presence of 
Orthopoxvirus or the presence of anti-Ortho- 

poxvirus antibodies in different studies in 
Africa (11,32,33) indicate the need to maint- 
ain this surveillance in order to prevent epide- 
mic as occurred in Nigeria in 2017 (4). 
 In this study, Leptospira were detec- 
ted in 6 genera from 7 trapping sites. These 

finding suggest a large distribution of these 
bacteria in small mammals in Côte d’Ivoire. 
Leptospira is able to infect a wide range of 
mammals and the large distribution of Leptos- 
pira in small mammals is now well known (34). 
Regarding infection rate of the small mammal, 
Lophuromys sp, Praomys sp and Rattus sp 

were the most infected. With respect to the 
geographic distribution of these infected small 
mammals, the most infected are Lophuromys 
sp, Praomys sp and Rattus sp in the southern 
peri-urban sites, eastern peri-urban sites and 
Abidjan urban sites respectively. These small 
mammals could play major role in mainte- 

nance of bacteria and their spread in the 
environment at their local level. Three species 

of Leptospira were found in our study, with L. 
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interrogans being the most frequently detec- 
ted, followed by L. borgpetersenii and L. kirsh- 
neri. These 3 species are the ones reported in 
published studies from Africa, and L. interro- 
gans is the most frequent specie reported (35, 

36,37). 
 

Conclusion:  
 
 The initial data from our investigation 

indicated the presence of Leptospira sp in the 
rodent vectors, Rattus, Lophuromys and Prao 
mys as the potential small mammalian reser- 
voirs in Cote d’Ivoire. Further exploration of 
the tissue samples taken from these reservoirs 
will continue, in our bid to search for other 

emerging pathogens. 
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