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Abstract | African swine fever (ASF) is a contagious viral disease of pigs with severe consequences and a
growing transboundary potential. The disease is caused by ASF virus (ASFV), the only DNA virus with an
arthropod vector of the genus Ornithodoros, involved in its transmission. Tick involvement has been reported
in Europe, East and Southern Africa to be part of ASFV transmission cycles. Ticks in an ASFV infected area
have been reported to influence the emergence of genetic variation and long-term persistence of the virus in
an area. Since the first report of ASF in Nigeria, periodic outbreaks have continued to occur among domestic
pigs with a few incidences in wild pigs. However, to investigate the risk of a tick-domestic pig transmission
cycle in Nigeria, 3,288 serum samples were collected from domestic pigs from 10 states and analysed for an-
ti-tick antibodies using the recombinant TSGP1 indirect ELISA. Of the samples analysed, 13.4% (442/3,288)
showed moderate to high reactivity, suggestive of domestic pigs’ exposure to tick-bite. Antibody reactivity’s
were found in eight of the 10 states studied and all the states have favourable climatic conditions for soft ticks’
survival and national parks harbouring wild swine (warthogs) able to maintain the developmental cycle of]
these ticks. This provides some evidence of interaction between the host and the vector within the Nigeria’s
ecosystem. This finding provides a guide for further studies to establish their role in the epidemiology of ASF
and additional effort towards understanding the ecology of Ornithodoros ticks in Nigeria.
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Introduction wild pigs throughout the sub-Saharan Africa and

transmitted through Ornithodoros ticks bite. Mortality

frican swine fever (ASF) was first observed in

Nigeria in 1997 with annual outbreaks reported
across the country. It was first reported in Kenya in
1921 and has been described as a highly infectious
and contagious disease of domestic pigs caused
by African swine fever virus (ASFV) (Tulman et
al., 2009). The disease occurs in both domestic and

can be as high as 100% in a naive population resulting
in huge tangible and intangible economic losses and
socio-economic impact on production, trade and food
security. The virus is considered as a lone member of
the family Asfarviridae and genus Asfrvirus (Dixon
et al., 2000). The virus can be transmitted through
an arthropod vector, a soft tick of the Ornithodoros
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moubata complex that is widely distributed among
ASF infected countries and plays a role in the
persistence and emergence of new genotypes within
an infected area/country thereby complicating
eradication programmes (Manzano-Romin et al,

2012).

After replication within the argasid tick, the virus gets
transmitted to wild pigs (warthogs) through a blood
meal bite, but without producing clinical disease in
these hosts. The involvement of ticks and wild pigs
in this ancient sylvatic cycle as observed in East and
Southern Africa has allowed for the transmission and
maintenance for the virus for a long-time within a
given environment and subsequently the emergence
of several (Oleaga-Pérez et al., 1990; Penrith, 2009).
Likewise, a domestic pig-tick cycle has additionally
been depicted in some territories of East and South-
ern Africa without the inclusion of warthog (Pen-
rith et al., 2004). However, transmission of the virus
through direct contact (domestic pig to pig) is the
most established form of transmission in the entire
West African region because the sylvatic cycle is yet
to be demonstrated (Costard et al., 2009).

A number of missing links exist in Nigeria on the con-
ceivable part of ticks and wild pigs in the transmission
of ASFV. Although the virus has been detected once
in red river hog (Phacocoerus africanus) and bush pigs
(Potamochoerus porcus), respectively from different re-
gions of the country (Luther et al., 2007; Owolodun
et al., 2010b), the presence of ticks and/or their sero-
logical evidence are yet to be demonstrated. Never-
theless, once the virus is introduced into the domestic
pig population, vector transmission would no longer
be a requirement. ASF is endemic in Nigeria and the
common source of infection has been attributed to
domestic pig-pig transmission without tick or wild
suid involvement (Fasina et al., 2010; Owolodun et

al., 2010a).

The presence of Ornithodoros moubata in Nigeria
(Manu, 2012) needs to be further investigated. For
the presence of sylvatic cycle will have a tremendous
impact on the transmission and long-term mainte-
nance of the ASFV in the country. Given the favour-
able agro-ecological zones (Manzano-Roman et al,,
2012), wild pigs and a varied pig production systems
ranging from extensive free range to intensive ones
that favours the survival of the ticks (Owolodun et al.,
2010b; Ayas et al., 2016).

In this scenario, infected ticks will be the link be-
tween wild suids and domestic pigs (Quembo et al.,
2016), and their involvement in the transmission of
ASFV would greatly complicate the implementation
of the necessary control measures in Nigeria. Thus,
for designing an adequate and comprehensive control
strategy, the presence or absence of ticks needs to be
investigated.

Within the 24 Nigerian states so far aftected by ASE,
virus isolation has always been from domestic pigs,
with two instances of ASFV detection from warthog
and bush pigs from Adamawa, Bauchi and Plateau
states. To our knowledge, there has not been any sero-
logical evidence, obtained from scientific data, of tick
involvement in the transmission of ASFV in Nigeria.

'The aim of this study was to indirectly investigate the
presence and possible involvement of Ornithodoros
moubata soft ticks in the ASF transmission in Nigeria.
For this reason, 3,288 porcine serum samples from 10
pig producing states in Nigeria were screened for anti-
bodiesagainstticksalivaantigenusing the recombinant

TSGP1 indirect ELISA (Diaz-Martin et al., 2011).
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Figure 1: Map showing study area

Materials and Methods

Study Area

Nigeria is a country in Africa that lies within latitude
4°-14° N and longitude 2°-15° E with a population of
170 million covering approximately 923,763 km? of
land area. The country is divided into 36 states and
the Federal Capital Territory Abuja (Figure 1). Each

state is divided into local government areas (LGAs)
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which are the smallest administrative units. Pig pro-
duction is primarily practiced in the North central
and southern states but not a common practice with-
in the northern states due to religious biases. Ten pig
producing states were randomly selected from the 23
including those with/without national parks or pig
markets. Stratified random sampling within cluster
stratum taking into consideration infected states, lo-
cal government areas (LGAs), states and areas with
previous reports of ASF outbreaks were sampled.

Sample Collection

A total of 3,288 sera was collected from 330 farms
across the 10 states were selected randomly between
September 2012 — August 2014 (Table 1). Samples
were collected from pigs managed under intensive,
semi-intensive and extensive husbandry system. On
average the pigs sampled were between ages 1.5
months — 4 years. Most blood samples were collect-
ed via venous puncture using sterile vacutainer tubes
and needles (Venoject, UK), and some samples were
collected directly from the slaughter slab. All sera col-
lected were transported on ice to the Regional Labo-
ratory for Avian Influenza and other Transboundary
Animal Diseases (RLATAD) of the National Veter-
inary Research Institute (NVRI), Vom, Nigeria and
stored at -20°C until tested.

Anti-tick Salivary Antigen ELISA

'The presence of antibodies against the salivary pro-
teins of Ornithodoros spp. ticks in the serum samples
was assessed using the ELISA developed by Diaz-
Martin et al. (2011), which is based on a recombinant
salivary lipocalin protein (rtI'SGP1) of O. moubata
complex. Previous reports had demonstrated 99.4%

specificity and 100% sensitivity of the assay and its
ability to detect tick bite antibodies 3 months’ post
exposure (Diaz-Martin et al., 2011).

ELISA positive and negative controls were obtained
from Parasitologia, IRNASA (CSIC), Salamanca,
Spain and carried out according to the Laboratory
recommendations. Briefly, 100 ng/well ELISA an-
tigen (rtSGP1) was diluted in coating buffer (pH
9.6) coated and 100 pl /well used to charge microtiter
plates following overnight incubation at 4 °C. Subse-
quently, the plates were washed three times with wash
buffer (0.05% Tween 20 in PBS) and coated with
200 pl/well of 1% BSA in PBS at 37 °C for 1 h. This
was followed by another washing and 100 pl/well of
pre-diluted sera (1/300) was added in duplicate and
incubated at 37 °C for 1 h. Peroxidase-labelled an-
ti-pig IgG (Sigma) was added at 1/10,000 dilution
in TPBS and incubated. After 1 h incubation and 3
washings, 100 pl of chromogen/substrate was added
and the reaction stopped with 100 pl stop solution
(H,SO,, 3N) to all the wells. Optical density (OD)
was taken at 492nm using an ELISA reader, Immu-
noskan BDSL (Thermo Lab. System, Finland). Each
serum OD was converted to serological index (SI) us-
ing the formula:

Where, NC and PC represent the negative and posi-
tive controls, respectively, and S stands for each sam-
ple serum. After that, the sample to positive control
ratio (SP ratio, SP) was calculated for each sample
and classified according to the matrix described by

Pietschmann et al. (2016) (Table 2).

Table 1: Sampling: characteristics of sampled States and number of sera collected

Bordering Cameroon at the mid-north & has Gashaka Gumti National Park

Bordering Cameroon in the south and has the Cross River Park

Pig farming & pork consuming area neighboring Edo with Okumu National park

Pig producing and major pig market in the country

Borders Benin Republic & neighboring Oyo state with Old Oyo National park

Bordering Cameroon at the mid-north & has Gashaka Gumti National Park

State No. of sera Very high probability Characteristics of states where samples were collected
collected (+++) positive (%)

Adamawa 342 19 (5.56)

Benue 452 18 (3.98) High pig producing area

Cross River 177 14 (7.91)

Delta 227 10 (4.41)

Enugu 137 0 Eastern heartland

Kaduna 146 14 (9.59)

Lagos 337 0 Borders with Benin Republic to the west

Ogun 355 0

Plateau 568 2(2.11) High pig producing state

Taraba 547 12 (2.19)

Total 3288 89 (2.7%)
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Table 2: Classification matrix according to sample to
positive ration (SP)
Sp Category Definition

<10 0 Negligible probability of tick presence

11-30  + Medium probability of tick presence

31-50  ++ High probability of tick presence

>50 +H+ Very high probability of tick presence
Tick Sampling

Ticks investigation was carried out in some areas
where samples were serologically reactive during the
dry season (October — December, 2016) when tick
activities are predicted to be high although during
that same time pigs are allowed to roam freely. These
tick are found usually underground in cracks, crevices
and holes, being most commonly found in dry-stone
walls of traditional pig housing (Manzano-Romin et
al., 2012; Boinas et al., 2014). Pens or epidemiologi-
cal units with characteristic stone construction which
provide adequate habitation for Ornithodoros were
targeted for tick collection (Figure 2A). Dry ice as a
source of carbon dioxide were placed inside pens (Fig-

ure 2B) overnight as described by Caiado et al. (1990).

Results

From the total number of samples analysed (Table 3),
our findings showed that 86.6% (2846/3288) serum
samples fell under category 0 (negligible probability
of the presence of ticks). Among those with medi-
um probability of tick presence (+), only 252 sam-
ples (7.7%) showed reactivity. Another 101 sample,

accounting for 3.1% were grouped under ++ (high

Figure 2: (A): Picture of a traditional stone construction premises (B), where CO2 traps were place for Ornithodoros moubata-

complex.

probability of tick presence) while 89 samples (2.7%)
were placed into the +++ (very high probability of tick
presence). A total of 89 samples were obtained un-
der category +++, a total of 19 (5.56%), 18 (3.98%),
14 (7.91%), 10 (4.41%), 14 (9.59%), 2 (2.11%) and
12 (2.19%) sera were from Adamawa, Benue, Cross
River, Delta, Kaduna, Plateau and Taraba states, re-
spectively (Table 3). None was reported from Enugu,
Ogun and Lagos states from this category. In the cat-
egory ++, positive samples were found in Adamawa (n
= 6), Benue (n = 16), Cross Rover (n = 20), Delta (n
= 2), Kaduna (n = 16), Lagos (n = 5), Plateau (n = 24)
and Taraba (n = 12) (Table 3).

Interestingly, no reactivity was observed in Enugu
and Ogun. The above result showed spatial clustering
across the states for categories +++ and ++.

Table 3: Classification of sera according to their state of
origin and reactivity to vt T SGPI

State Total number 0 + ++ 4
of sample

Adamawa 342 281 36 6 19
Benue 452 375 43 16 18
Cross River 177 109 34 20 14
Delta 227 186 29 2 10
Enugu 137 137 0 0 0
Kaduna 146 89 27 16 14
Lagos 337 322 10 5 0
Ogun 355 355 0 0 0
Plateau 568 487 55 24 2
Taraba 547 505 18 12 12
Total 3288 2846 252 101 89
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Discussion

From the first report of African swine fever in Nigeria
to date, the disease has continued to spread into new
areas within the country with the emergence of newer
variants (El-Hicheri, 1998; Luka et al., 2016; Ayas et
al., 2016). Previous works by Luther et al. (2007) and
Owolodun et al. (2010b) reported single incidences
each of ASFV genome in baby warthog from a forest
in Adamawa and a bush-pig from Plateau states, re-
spectively. This findings, were suggestive of the pres-
ence of a sylvatic cycle in Nigeria. However, no inves-
tigation has been carried out to establish the presence
and possible role played by ticks (Ornithodoros spp.) in
the transmission of ASF between wild suids and do-
mestic pigs in Nigeria (Jorietal.,2013).This is the first
study to reveal domestic pigs’ exposure to tick bite as a
possible mode in the transmission of ASF in Nigeria.

From the sera samples analysed in this study, 13.44%
of them showed medium to high positive reactivity
indicating domestic pigs’ exposure to tick bite in 8 of
the 10 states sampled. Given the specificity (90%) of
the test and the spatial clustering of the positive sera
across different geographical zones with suitable cli-
matic conditions for tick survival (mean annual tem-
peratures in the range of 22 to 28°C) (Pietschmann
et al., 2016) lend support to the results of the se-
rology. Although direct search for ticks in some of
study states did not yield result possible due to several
humans, environmental and climatic factors. Albeit,
sampling and collection of ticks is always a challenge
(Pérez de Ledn et al., 2015). Nevertheless, our sero-
logical findings of antibody reactivity is suggestive of
the presence of Ornithodoros moubata complex ticks
in some of the sampled areas. Our findings are sup-
ported by the observations of Bunza et al. (2008),
who reported the presence of O. moubata (14.3%) and
Ornithodoros savignyi (7.1%), respectively, within the
live bird’s market in Sokoto. Similarly, Manu (2012),
also reported the presence of soft ticks from stables,
resting shades and animal markets in relationship to
human borreliosis in Maiduguri, Borno state.

As already mentioned, the detection of ASFV ge-
nome in warthogs caught in the forest of Adamawa
(Luther et al., 2007) and bush pig from Plateau state
(Owolodun et al., 2010b). Although, a single occur-
rence was suggestive of the involvement of wild pigs
in the transmission of ASFV in those states. The
current finding of pig sera with high and very high

reactivity to tick salivary antigen in both states is sug-
gestive of the presence of the required vector for this
transmission cycle.

Again, both the wild pig-soft tick and domestic pig-
soft tick transmission cycles of ASFV in Nigeria are
likely. This is in agreement with the observations of
Vial et al. (2007) in Senegal (West Africa), who re-
ported that Ornithodoros sonrai ticks as a potential
vector in transmission of ASF. Interestingly, our pre-
liminary survey for ticks was not successful but serves
as a guide to tick surveillance and ecological studies.

Our study is the first to assess the presence of an-
tibodies to O. moubata salivary antigen in domestic
pigs in Nigeria and its distribution across some pig
producing states. The possible role of soft ticks in
ASF persistence in Nigeria domestic pig’s popula-
tions is very likely, and future control and prevention
measures should take that into consideration. Further
application of serology in a wider tick surveillance
programmes together with direct field search for ticks
could help our understanding of the dynamics of
ASFV in Nigeria and other West African countries.
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