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The reservoir host of Mokola virus (MOKYV), a rabies-related lyssavirus species endemic to
Africa, remains unknown. Only sporadic cases of MOKV have been reported since its first
discovery in the late 1960s, which subsequently gave rise to various reservoir host hypotheses.
One particular hypothesis focusing on non-volant small mammals (e.g. shrews, sengis and
rodents) is buttressed by previous MOKYV isolations from shrews (Crocidura sp.) and a single
rodent (Lophuromys sikapusi). Although these cases were only once-off detections, it provided
evidence of the first known lyssavirus species has an association with non-volant small
mammals. To investigate further, retrospective surveillance was conducted in 575 small
mammals collected from South Africa. Nucleic acid surveillance using a pan-lyssavirus
quantitative real-time reverse transcription polymerase chain reaction (qQRT-PCR) assay of 329
brain samples did not detect any lyssavirus ribonucleic acid (RNA). Serological surveillance
using a micro-neutralisation test of 246 serum samples identified 36 serum samples that were
positive for the presence of MOKV neutralising antibodies (VNAs). These serum samples were
all collected from Gerbilliscus leucogaster (Bushveld gerbils) rodents from Meletse in Limpopo
province (South Africa). Mokola virus infections in Limpopo province have never been
reported before, and the high MOKYV seropositivity of 87.80% in these gerbils may indicate a
potential rodent reservoir.

Keywords: Bushveld gerbil; lyssavirus; Mokola; non-volant small mammal; rabies-related;
reservoir; rodent; surveillance.

The Mokola virus (MOKYV), a rabies-related lyssavirus, represents one of 17 recognised species
within the Lyssavirus genus, all capable of causing a fatal encephalitic disease (Walker et al. 2018).
The Mokola virus is exclusively endemic in Africa with only 30 sporadic cases reported since its
discovery more than 50 years ago (Figure 1; Table 1) (Coertse et al. 2017; Kgaladi et al. 2013). The
reservoir host of MOKYV is still unknown, with spillover dead-end hosts such as domestic cats
(Felis catus) and dogs (Canis familiaris), most commonly reported to be infected with MOKV. This
has led to the hypothesis that the reservoir of MOKV might be a prey species that interacts with
domesticated animals via a prey-to-predator pathway (Kgaladi et al. 2013). Non-volant small
mammals (i.e. shrews, sengis and rodents) have been suggested as possible reservoir hosts
considering that previous MOKYV isolations were in shrews (Crocidura spp.), four in Nigeria and
one in Cameroon (Causey et al. 1969; Kemp et al. 1972; Le Gonidec et al. 1978), and a single
reported case in a rodent (Lophuromys sikapusi) in the Central African Republic (Saluzzo et al.
1984). To investigate further, nucleic acid and serological surveillance were retrospectively
conducted, targeting non-volant small mammals from specific locations in South Africa.

Non-volant small mammals were captured and sampled in accordance with the field procedure
guidelines of Sikes and Gannon (2011) during the period of 2015-2017 from two different sites in
South Africa: Meletse area in Limpopo province (24.5914° S, 27.6258° E) and Secunda area in
Mpumalanga Province (26.5158° S, 29.1914° E). All the species investigated were designated as of
Least Concern by The International Union for Conservation of Nature Red List of Threatened
Species. Morphological species identification followed classifications by Meester et al. (1986),
Newbery (1999), as well as Monadjem et al. (2015). Following morphological identification,
animals were anesthetised with Isofor (Safeline Pharmaceuticals, South Africa), after which blood
was collected by cardiac puncture (1% — 3% volume/body mass) in 0.8 mL MiniCollect serum
separator tubes (Greiner Bio-One, Austria). Serum was separated from whole blood by
centrifugation (Centrifuge 5418, Eppendorf, Germany) at 4300 g for 5 min and transferred to
2.0 mL Sarstedt tubes (Sarstedt Inc.). Animals that were not collected as voucher specimens were
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AFRICA

Symbol  Host  Amount

' Human n=2 /
! Shrew n=5 /
/
A | Rodent n=1 J
! Cat n=20
A=

Nigeria (blue) with a total of six MOKV cases, four from shrews (Crocidura sp.) and two from
humans (Homo sapiens). Cameroon (yellow) with a single MOKV case in a shrew (Crocidura
sp.). The Central African Republic (green) with a single MOKV case in a rodent (Lophuromys
sikapusi). Ethiopia (orange) with a single MOKV case in a cat (Felis catus). Zimbabwe (red)
with a total of eight MOKV cases, one from a dog (Canis familiaris) and seven from cats (Felis
catus). South Africa (purple) with a total of 13 MOKV cases, one from a dog (Canis familiaris)
and 12 from cats (Felis catus).

FIGURE 1: Geographical distribution of all reported Mokola virus cases (n = 30)
in the African continent.

TABLE 1: Summary of all reported Mokola virus cases in Africa.

marked with a unique tattoo number near the base of their
tail, and released back to their respective capture sites.
Voucher specimens were euthanised with an overdose of
Isofor, after which their organs were harvested (i.e. brain,
tongue, salivary glands, heart, kidney, lungs, pectoral muscle,
spleen, intestines, rectum and bladder) in 2.0 mL Sarstedt
tubes for a broader pathogen surveillance study and
immediately stored in liquid nitrogen until storage at —80 °C.
Carcasses were placed in a 3 L PathoPak (Intelsius Solutions,
United Kingdom [UK]) containing 80% ethanol and were
submitted to Ditsong National Museum of Natural History
and the Natural History Collection for Public Health and
Economics for voucher-based morphological identification,
and museum archiving.

Total ribonucleic acids (RNAs) were extracted from brain
samples (n = 329) (nine shrews, four sengis and 316 rodents)
using TRIzol™ reagent (Invitrogen, United States [US]),
followed by nucleic acid surveillance using a pan-lyssavirus
quantitative real-time reverse transcription polymerase
chain reaction (qRT-PCR) assay as previously described
(Coertse et al. 2019). Serum samples (n = 246) (three shrews,
four sengis and 239 rodents) were subjected to serological
surveillance using a micro-neutralisation test as previously
described (Smith & Gilbert 2017), during which MOKV
12/458 (2012, Felis catus, Durban, KwaZulu-Natal, South
Africa) (Coertse et al. 2017) was used as challenge virus. If a
reduction or absence of fluorescence was observed at the 1:25
serum dilution during initial screening, the serum sample

Detection Material

Geographical Location Reference*

Organ pool (heart, lung, liver,
spleen & kidney)

Organ pool (heart, lung, liver,
spleen & kidney)

Organ pool (heart, lung, liver,
spleen & kidney)
Cerebrospinal fluid (CSF)

Organ pool (liver & spleen)

Organ pool (brain, liver & spleen)

Date Virus/Laboratory Host Species
Reference Numbers
Nigeria (n = 6)
May 1968 IbAn 268011 Crocidura sp. (Shrew)
May 1968 IbAn 271571 Crocidura sp. (Shrew)
July 1968 IbAn 273771 Crocidura sp. (Shrew)
RV4
August 1968 IbAn 29777 Homo sapiens (Human)
December 1969 IbAn 51715+ Crocidura sp. (Shrew)
March 1971 IbAn 56909t Homo sapiens (Human)  Brain
Cameroon (n=1)
January 1974 An Y1307 Crocidura sp. (Shrew)
RV39
86100CAM

Central African Republic (n = 1)

October 1981 AnRB3247} Lophuromys sikapusi Brain
RV40 (Rodent)
86101RCA
Ethiopia (n=1)
1989-1990 Eth-16F Felis catus (Cat) Brain
RA 133/82
RV610
Zimbabwe (n = 8)
April 1981 12017} Felis catus (Cat) Brain
May 1981 12245} Felis catus (Cat) Brain
June 1981 12341F Felis catus (Cat) Brain
August 1981 12574+ Felis catus (Cat) Brain
October 1981 128007} Canis familiaris (Dog) Brain
March 1982 13270F Felis catus (Cat) Brain

Ife Farm, Ibadan, Nigeria

Private residence, University
of Ibadan, Ibadan, Nigeria

Mokola, Ibadan, Nigeria
Inalende, Ibadan, Nigeria
Virus Research Laboratory,

Ibadan, Nigeria
Idikan, Ibadan, Nigeria

Nkol-Owona, Yaounde,
Cameroon

Botami, Bangui, Central African

Republic

Addis Ababa, Ethiopia

Bulawayo, Zimbabwe
Bulawayo, Zimbabwe
Bulawayo, Zimbabwe
Bulawayo, Zimbabwe
Bulawayo, Zimbabwe
Bulawayo, Zimbabwe

Causey and Kemp (1968);
Kemp et al. (1972)

Causey and Kemp (1968);
Kemp et al. (1972)

Causey and Kemp (1968);
Kemp et al. (1972)

Familusi and Moore (1972);
Kemp et al. (1972)

Causeyand Kemp (1969); Kemp

etal. (1972)

Familusi and Moore (1972);
Kemp et al. (1972)

Le Gonidec et al. (1978)

Saluzzo et al. (1984)

Mebatsion, Cox and Frost
(1992)

Foggin (1982); Foggin (1988)
Foggin (1982); Foggin (1988)
Foggin (1982); Foggin (1988)
Foggin (1982); Foggin (1988)
Foggin (1982); Foggin (1988)
Foggin (1983); Foggin (1988)
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TABLE 1 (Continues...): Summary of all reported Mokola virus cases in Africa.
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Date Virus/Laboratory Host Species Detection Material Geographical Location Reference*
Reference Numbers
April 1982 13371} Felis catus (Cat) Brain Bulawayo, Zimbabwe Foggin (1983); Foggin (1988)
Zim82
RV1035
November 1993 218467 Felis catus (Cat) Brain Selous, Zimbabwe Bingham et al. (2001)
RV1017
South Africa (n = 13)
December 1970 700/701 Felis catus (Cat) Brain Umhlanga Rocks, KwaZulu-Natal,  Meredith and Nel (1996);
V21.G3 South Africa Nel et al. (2000)
V241
July 1995 543/95% Felis catus (Cat) Brain Mdantsane, Eastern Cape, Meredith and Nel (1996);
South Africa Nel et al. (2000)
February 1996 112/967F Felis catus (Cat) Brain East London, Eastern Cape, Von Teichman et al. (1998);
RV1021 South Africa Nel et al. (2000)
May 1996 322/961 Felis catus (Cat) Brain Yellow Sands, Eastern Cape, Von Teichman et al. (1998);
South Africa Nel et al. (2000)
May 1997 252/971 Felis catus (Cat) Brain Pinetown, KwaZulu-Natal, Von Teichman et al. (1998);
V552.53 South Africa Nel et al. (2000)
May 1997 229/971 Felis catus (Cat) Brain Pinetown, KwaZulu-Natal, Von Teichman et al. (1998);
V550.53 South Africa Nel et al. (2000)
March 1998 071/9871 Felis catus (Cat) Brain Pietermaritzburg, KwaZulu-Natal, Von Teichman et al. (1998);
V635.53 South Africa Nel et al. (2000
RA361
June 2005 404/05F Canis familiaris (Dog) Brain Nkomazi, Mpumalanga, Sabeta et al. (2007)
South Africa
March 2006 173/06+ Felis catus (Cat) Brain Farm near East London, Sabeta et al. (2007)
Eastern Cape, South Africa
2008 226/081 Felis catus (Cat) Brain Grahamstown, Eastern Cape, South Sabeta et al. (2010)
Africa
June 2012 12/458+ Felis catus (Cat) Brain Durban, KwaZulu-Natal, Coertse et al. (2017)
South Africa
July 2012 12/604+ Felis catus (Cat) Brain Durban, KwaZulu-Natal, Coertse et al. (2017)
South Africa
January 2014 14/024+ Felis catus (Cat) Brain Pietermaritzburg, KwaZulu-Natal, Coertse et al. (2017)

South Africa

Sp., species; RV, rabies virus; IbAn, Ibadan.

+, The original virus reference number as indicated in the reference article(s); {, References form part of Appendix 2.

was subjected to follow-up screening (in duplicate) at 1:10,
1:50, 1:250 and 1:1250 serum dilutions. The 50% end-point
(ED) neutralisation titre was calculated by the Reed and
Muench method (1938) and considered positive for Mokola
virus neutralising antibodies (MOKV VNAs) when they had
a 50% ED neutralisation titre at a serum dilution of > 25 (i.e.
where <5 out of the 10 counted fields contain infected cells at
the 1:25 serum dilution). If additional material was available,
non-volant small mammals that tested positive for the
presence of MOKV VNAs were subjected to genetic species
identification with the Cytochrome B (CytB) barcoding PCR
assay as previously described (Greenberg et al. 2012).
Template deoxyribonucleic acid (DNA) required for the
barcoding assay was extracted from various biological
sample types (such as blood, kidney, heart and pectoral
tissue) using the Quick-DNA™ Miniprep Plus Kit (Zymo
Research, US).

All of the brain samples were negative for the presence of
viral RNA with the pan-lyssavirus qRT-PCR assay (Appendix
Table 1-Al). Negative results were expected as these animals
were apparently healthy individuals and did not exhibit any
visible signs of disease. An overall MOKYV seropositivity of
87.80% (36 out of 41) was observed for the gerbils (Gerbilliscus
leucogaster) tested from Meletse at the cut-off 1:25 serum
dilution (Figure 2; Appendix Tables 1-Al, 2-Al, 3-Al &
4-Al). The titre ranges for this rodent species were high when
compared to another serological surveillance study
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A total of 36 gerbils neutralised MOKV infection at 1:25 serum dilution during initial
screening. Follow-up screening of the 36 gerbils that were positive for the presence of MOKV
VNAs at the 1:25 serum dilution, identified 19 gerbils that neutralised MOKV infection until
the 1:10 serum dilution, whereas 15 neutralised until the 1:50 serum dilution. Only two
gerbils neutralised MOKV infection until the 1:250 serum dilution, whereas none of the
gerbils neutralised MOKYV infection until the 1:1250 serum dilution. The timing of sampling
events is indicated in Table 2-A1.

FIGURE 2: Graphical representation of the micro-neutralisation test results of
the Gerbilliscus leucogaster serum samples from Meletse (n = 36).

conducted in Zimbabwe (Foggin 1988). Foggin identified
MOKYV VNAs in 5.63% (18 out of 320) of all rodents that
were tested. An overall MOKV seropositivity of 17.57%
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(13 out of 74) was observed for gerbils which neutralised
MOKY infection at various serum dilutions that ranged from
1:8, 1:16 to 1:32. None of the other MOKV serological
surveillance studies have tested this rodent species for the
presence of MOKV VNAs (Aghomo et al. 1990; Kemp et al.
1972; Nottidge, Omobowale & Oladiran 2007; Ogunkoya et
al. 1990). Even though MOKYV has been shown to cross-react
in serological assays with other closely-related lyssaviruses
(Kuzmin et al. 2008), cross-reactivity with other phylogroup
II lyssaviruses was not investigated in this study.

Of the 36 gerbils showing MOKYV seropositivity, only 28 were
genetically identified with the CytB barcoding PCR assay
(Table 2). The same identification was obtained from
morphological examination of 24 voucher specimens (Table
2). Eight gerbils could not be identified to species level as
they were released and no additional sample material was
available. The Highveld gerbil, Gerbilliscus brantsii, is
sympatric with G. leucogaster, however, based on known
museum records, no G. brantsii has been caught at Meletse
before (Rautenbach 1982) and these were, therefore, allocated
to G. cf. leucogaster. The variability observed in the per cent
identity (i.e. 83.78% —100.00%) between the individual gerbils
is expected since previous molecular characterisation assays
performed on the Gerbilliscus genus have recorded intra-
species genetic variation that range from 1% to 20% (Aghova
et al. 2017; Colangelo et al. 2007).

Members of the Gerbilliscus genus are nocturnal and terrestrial,
exhibit no sexual dimorphism (Skinner & Chimimba 2005)
and occupy simple to complex, deep burrows (i.e. warrens)
(De Graaff 1981; Granjon & Dempster 2013). They are
physiologically, morphologically and behaviourally adapted
to live in arid climates (Granjon & Dempster 2013; Monadjem
et al. 2015). Gerbilliscus leucogaster, however, is less arid
adapted and can be found along rivers and drainage lines in
open grasslands and wooded savannas (Dempster 2013;
Monadjem et al. 2015). The breeding pattern and social
organisation of G. leucogaster rodents are not well-understood,
however, studies have reported a communal nature (De
Graaff 1981; Smithers 1971) with burrows being occupied by a
pair (Skinner & Chimimba 2005) and some warrens housing
families or several adults (Choate 1972). The ecological nature
of Bushveld gerbils may potentially be the reason why this
specific rodent species are more likely to be MOKV
seropositive compared to solitary rodent species belonging to
the Steatomys and Rhabdomys genera occurring at Meletse.

More nucleic acid and serological surveillance studies in
non-volant small mammal populations are required to obtain
a better understanding of MOKYV distribution, prevalence
and its potential reservoir species. Brain and serum samples
in this study were collected from seemingly healthy small
mammals in areas that do not coincide with areas where
previous MOKYV cases have been reported in South Africa.
Surveillance should be expanded to areas where MOKV
spillover infections in cats and dogs have previously been
reported. Furthermore, because lyssavirus distribution and
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dynamics might be influenced by seasonality, surveillance
efforts should also include samples that were collected in
different seasons and over multiple years. This expansion,
together with representative sample sizes of certain non-
volant small mammal species, will collectively increase the
possibility of identifying more of these animals that are
infected or that have previously been exposed to MOKV.
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Appendix 1

TABLE 1-Al: Non-volant small mammal species included in the surveillance of
Mobkola virus in South Africa.

Non-volant Non-volant small Brain samples Serum samples
small mammal mammal species
type Amount Amount Amount Amount
tested positive tested positive
Meletse, Limpopo, South Africa (n = 473)
Shrews Crocidura hirta 2 0 2 0
) Crocidura 1 0 1 0
maquassiensis
Suncus lixus 3 0 0 0
Sengis (n=8) Elephantulus 0 4 0
brachyrhynchus
Rodents Acomys selousi 2 0 3 0
t=457) Aethomys sp. 1 0 16 0
Aethomys ineptus 30 0 23 0
Aethomys 20 0 16 0
chrysophilus
Gerbilliscus sp. 1 0] 5 5
Gerbilliscus 33 0 36 31
leucogaster
Graphiurus murinus 3 0 2 0
Lemniscomys rosalia 9 0 7 0
Mastomys coucha 45 0 23 0
Mastomys natalensis 13 0 12 0
s.l.
Micaelamys sp. 0 0 3 0
Micaelamys 11 0 10 0
namagquensis
Mus (Nannomys) 29 0 12 0
minutoides
Rattus sp. 2 0 0 0
Saccostomus 19 0 19 0
campestris
Steatomys sp. 13 0 1 0
Steatomys pratensis 21 0 16 0
Total amount of samples tested for 262 0 211 36
Meletse
Secunda, Mpumalanga, South Africa (n = 102)
Shrews Crocidura sp. 2 0 0 0
(n=3) Suncus sp. 1 0 0 0
Rodents Mastomys sp. 40 0 26 0
(n=101) Mastomys natalensis 3 0 3 0
Rhabdomys sp. 21 0 6 0
Total amount of samples tested for 67 0 35 0
Secunda

Note: Positive results are indicated in bold.
Sp., species.

TABLE 2-A1: Sampling event details of collected Gerbilliscus leucogaster serum samples from Meletse, Limpopo province and their seropositivity.

Sampling (Month & year) Associated seasonf Number of serum Number of serum samples Percentage Seropositivity
samples collected positive for MOKV VNAs
February 2015 Summer 1 1 100.00 1/1
January 2016 Summer 1 0 0.00 0/1
June 2016 Winter 1 1 100.00 1/1
September 2016 Spring 1 1 100.00 1/1
November 2016 Spring 1 1 100.00 1/1
March 2017 Autumn/Fall 17 15 88.24 15/17
May 2017 Autumn/Fall 9 7 77.78 7/9
August 2017 Winter 3 3 100.00 3/3
November 2017 Spring 7 7 100.00 100/100
Total 41 36 87.80% 36/41

MOKYV VNAs, Mokola virus neutralising antibodies.
+, Season delineation in South Africa: (1) Summer, 01 December to 28/29 February; (2) Autumn/Fall, 01 March to 31 May; (3) Winter, 01 June to 31 August; (4) Spring, 01 September to 30 November.
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TABLE 4-A1: Micro-neutralisation test results of all non-volant small mammal serum samples that tested negative for the presence of Mokola virus neutralising antibodies.

Reference Serum sample information Initial screeningt
number

Sample collection date Non-volant small mammal type Non-volant small mammal species 1:10 (i) 1:25 (i) 1:10 (f) 1:25 (f)

Meletse, Limpopo, South Africa (n = 211)

4961 26 Feb. 2015 Rodent Aethomys chrysophilus 10 10 9 10
4963 26 Feb. 2015 Rodent Aethomys chrysophilus 10 10 10 10
4967 27 Feb. 2015 Rodent Aethomys chrysophilus 10 10 10 10
4968 27 Feb. 2015 Rodent Saccostomus campestris 7 10 8 10
4969 27 Feb. 2015 Rodent Aethomys chrysophilus 7 10 8 10
5011 03 Mar. 2015 Rodent Steatomys pratensis 10 10 10 10
5012 03 Mar. 2015 Rodent Aethomys chrysophilus 7 9 7 10
5015 04 Mar. 2015 Rodent Steatomys pratensis 9 10 10 10
5017 05 Mar. 2015 Rodent Steatomys pratensis 8 10 10 10
5352 12 May 2015 Rodent Aethomys ineptus 10 10 9 10
5353 12 May 2015 Sengi Elephantulus brachyrhynchus 10 10 10 10
5354 12 May 2015 Rodent Mastomys coucha 10 10 10 10
5355 12 May 2015 Sengi Elephantulus brachyrhynchus 9 10 10 10
5356 12 May 2015 Rodent Mastomys natalensis 10 9 10 10
5525 22 July 2015 Rodent Aethomys chrysophilus 8 10 9 10
5527 23 July 2015 Shrew Crocidura maquassiensis 10 10 10 10
5528 24 July 2015 Rodent Mastomys coucha 10 10 9 10
5529 24 July 2015 Rodent Mus (Nannomys) minutoides 9 10 10 10
5934 15 Sept. 2015 Rodent Mus (Nannomys) minutoides 9 9 10 10
5935 15 Sept. 2015 Rodent Micaelamys namaquensis 9 10 10 10
5936 15 Sept. 2015 Rodent Aethomys ineptus 10 10 9 10
5939 17 Sept. 2015 Rodent Mus (Nannomys) minutoides 9 10 8 10
12001 10 Nov. 2015 Rodent Mastomys coucha 10 10 10 10
12003 11 Nov. 2015 Rodent Aethomys chrysophilus 10 10 10 10
12004 11 Nov. 2015 Rodent Steatomys pratensis 10 10 10 10
12005 12 Nov. 2015 Rodent Aethomys ineptus 5) 9 6 10
12006 13 Nov. 2015 Rodent Aethomys ineptus 10 10 10 10
12007 13 Nov. 2015 Rodent Steatomys pratensis 10 10 10 10
12010 19 Jan. 2016 Rodent Mastomys coucha 10 10 10 10
12011 19 Jan. 2016 Rodent Steatomys pratensis 10 10 10 10
12012 19 Jan. 2016 Rodent Gerbilliscus leucogaster 10 10 10 10
12018 20 Jan. 2016 Rodent Mastomys coucha 10 10 10 10
12019 20 Jan. 2016 Rodent Saccostomus campestris 9 10 10 10
12020 20 Jan. 2016 Rodent Mastomys coucha 9 10 10 10
12023 20 Jan. 2016 Rodent Saccostomus campestris 10 10 9 10
12062 05 Apr. 2016 Rodent Saccostomus campestris 10 9 10 10
12065 06 Apr. 2016 Rodent Saccostomus campestris 10 10 10 10
12066 06 Apr. 2016 Rodent Graphiurus murinus 10 10 10 10
12067 06 Apr. 2016 Rodent Aethomys ineptus 9 10 10 10
12075 07 June 2016 Rodent Mastomys natalensis 10 10 9 10
12081 07 June 2016 Rodent Aethomys ineptus 2 8 2 8
12082 07 June 2016 Rodent Aethomys ineptus 10 10 10 10
12083 07 June 2016 Rodent Acomys selousi 10 10 10 10
12084 08 June 2016 Rodent Saccostomus campestris 8 10 9 10
12085 08 June 2016 Rodent Micaelamys namaquensis 10 10 10 10
12087 08 June 2016 Rodent Aethomys ineptus 10 10 9 10
12088 09 June 2016 Rodent Aethomys chrysophilus 10 10 10 10
12132 06 Sept. 2016 Rodent Aethomys ineptus 9 9 10 10
12134 06 Sept. 2016 Rodent Micaelamys sp. 8 10 10 10
12140 07 Sept. 2016 Rodent Micaelamys sp. 9 9 10 10
12142 07 Sept. 2016 Sengi Elephantulus brachyrhynchus 9 9 10 10
12143 08 Sept. 2016 Rodent Micaelamys sp. 8 9 10 10
12145 09 Sept. 2016 Rodent Micaelamys namaquensis 9 10 9 10
12146 09 Sept. 2016 Rodent Acomys selousi 10 10 9 10
12147 09 Sept. 2016 Rodent Steatomys pratensis 10 10 9 10
12148 09 Sept. 2016 Rodent Saccostomus campestris 10 10 10 10
12149 09 Sept. 2016 Rodent Saccostomus campestris 10 10 10 10
12154 08 Nov. 2016 Rodent Micaelamys namaquensis c) 10 10 10
12157 08 Nov. 2016 Rodent Aethomys chrysophilus 9 10 10 10
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TABLE 4-A1 (Continues...): Micro-neutralisation test results of all non-volant small mammal serum samples that tested negative for the presence of Mokola virus
neutralising antibodies.

Reference Serum sample information Initial screeningf

number Sample collection date Non-volant small mammal type  Non-volant small mammal species 1:10 (i) 1:25 (i) 1:10 (f) 1:25 (f)
12159 09 Nov. 2016 Rodent Saccostomus campestris 9 10 10 10
12167 09 Nov. 2016 Rodent Aethomys chrysophilus 9 9 10 10
12168 10 Nov. 2016 Rodent Micaelamys namaquensis 8 9 10 10
12169 10 Nov. 2016 Rodent Mus (Nannomys) minutoides 10 10 10 10
12170 10 Nov. 2016 Rodent Aethomys chrysophilus 8 10 7 10
12171 11 Nov. 2016 Rodent Acomys spp. 9 10 8 10
12176 07 Feb. 2017 Rodent Saccostomus campestris 3 9 3 10
12177 08 Feb. 2017 Rodent Aethomys chrysophilus 9 10 7 10
12178 08 Feb. 2017 Rodent Aethomys ineptus 6 9 7 9
12179 08 Feb. 2017 Rodent Aethomys ineptus 6 9 7 9
12180 09 Feb. 2017 Rodent Aethomys chrysophilus 10 10 9 10
12181 09 Feb. 2017 Rodent Aethomys chrysophilus 10 10 10 10
12184 27 Mar. 2017 Rodent Gerbilliscus leucogaster 3 6 2 6
12188 27 Mar. 2017 Rodent Saccostomus campestris 9 9 10 10
12189 27 Mar. 2017 Rodent Saccostomus campestris 7 10 6 9
12190 27 Mar. 2017 Rodent Steatomys pratensis 10 10 10 10
12191 27 Mar. 2017 Rodent Steatomys pratensis 10 10 10 10
12192 28 Mar. 2017 Rodent Steatomys pratensis 10 10 9 10
12200 28 Mar. 2017 Rodent Gerbilliscus leucogaster 4 7 5 7
12201 28 Mar. 2017 Rodent Steatomys pratensis 10 10 9 10
12203 28 Mar. 2017 Rodent Mastomys coucha 6 9 6 10
12204 28 Mar. 2017 Rodent Aethomys ineptus 7 10 8 10
12205 28 Mar. 2017 Rodent Mastomys coucha 9 10 10 10
12206 28 Mar. 2017 Rodent Mastomys coucha 5 9 8 9
12209 29 Mar. 2017 Rodent Aethomys chrysophilus 8 10 7 10
12210 29 Mar. 2017 Rodent Mastomys coucha 10 10 10 10
12211 29 Mar. 2017 Rodent Steatomys pratensis 9 10 8 10
12212 29 Mar. 2017 Rodent Aethomys chrysophilus 8 10 G 10
12213 29 Mar. 2017 Shrew Crocidura hirta 9 10 8 9
12215 29 Mar. 2017 Rodent Mus (Nannomys) minutoides 7 10 8 9
12216 29 Mar. 2017 Rodent Steatomys pratensis 10 10 10 10
12217 29 Mar. 2017 Rodent Mastomys coucha 8 10 7 10
12218 29 Mar. 2017 Rodent Saccostomus campestris 8 9 10 10
12219 29 Mar. 2017 Rodent Steatomys pratensis 8 10 8 10
12236 30 Mar. 2017 Rodent Saccostomus campestris 9 10 8 10
12237 30 Mar. 2017 Rodent Mus (Nannomys) minutoides 9 10 9 10
12238 30 Mar. 2017 Rodent Mastomys coucha 7 10 6 10
12240 30 Mar. 2017 Rodent Saccostomus campestris 10 10 10 10
12242 30 Mar. 2017 Rodent Aethomys ineptus 9 10 7 10
12244 30 Mar. 2017 Rodent Saccostomus campestris 10 10 10 10
12248 30 Mar. 2017 Rodent Saccostomus campestris 10 10 10 10
12256 31 Mar. 2017 Rodent Graphiurus murinus 8 10 10 10
12258 31 Mar. 2017 Rodent Steatomys pratensis 10 10 10 10
12260 31 Mar. 2017 Rodent Steatomys pratensis 10 10 10 10
12285 16 May 2017 Rodent Micaelamys namaquensis 8 9 9 10
12289 16 May 2017 Rodent Saccostomus campestris 10 10 10 10
12291 16 May 2017 Rodent Micaelamys namaquensis 9 10 10 10
12292 16 May 2017 Rodent Aethomys ineptus 9 10 10 10
12294 16 May 2017 Rodent Aethomys ineptus 8 10 8 10
12295 16 May 2017 Rodent Aethomys ineptus 10 10 10 10
12298 16 May 2017 Rodent Mastomys coucha 10 10 10 10
12299 16 May 2017 Rodent Mus (Nannomys) minutoides 10 10 10 10
12300 16 May 2017 Rodent Mastomys coucha 9 10 10 10
12301 16 May 2017 Rodent Mastomys coucha 10 10 10 10
12302 16 May 2017 Rodent Aethomys sp. 10 10 10 10
12304 16 May 2017 Rodent Aethomys sp. 10 10 10 10
12305 16 May 2017 Rodent Lemniscomys rosalia 9 10 10 10
12306 16 May 2017 Rodent Mastomys coucha 9 10 10 10
12311 17 May 2017 Rodent Mastomys natalensis 9 10 10 10
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TABLE 4-A1 (Continues...): Micro-neutralisation test results of all non-volant small mammal serum samples that tested negative for the presence of Mokola virus
neutralising antibodies.

Reference Serum sample information Initial screeningf

number Sample collection date Non-volant small mammal type  Non-volant small mammal species 1:10 (i) 1:25 (i) 1:10 (f) 1:25 (f)
12319 17 May 2017 Rodent Micaelamys namaquensis 9 10 10 10
12320 17 May 2017 Rodent Gerbilliscus leucogaster 1 6 2 7
12321 17 May 2017 Rodent Aethomys ineptus 8 10 10 10
12324 17 May 2017 Rodent Gerbilliscus leucogaster 9 10 10 10
12329 17 May 2017 Rodent Mastomys coucha 10 10 10 10
12331 17 May 2017 Rodent Mastomys natalensis 10 10 10 10
12332 17 May 2017 Rodent Mastomys coucha 10 10 10 10
12348 18 May 2017 Rodent Mastomys coucha 10 10 10 10
12349 18 May 2017 Rodent Aethomys sp. 10 10 10 10
12356 18 May 2017 Rodent Aethomys sp. 10 10 10 10
12365 18 May 2017 Rodent Aethomys sp. 7 10 10 10
12366 18 May 2017 Rodent Mus (Nannomys) minutoides 10 10 10 10
12367 18 May 2017 Rodent Mastomys coucha 7 10 8 10
12374 18 May 2017 Rodent Aethomys ineptus 9 10 10 10
12375 18 May 2017 Rodent Mastomys natalensis 10 10 10 10
12376 18 May 2017 Rodent Mastomys coucha 9 10 10 10
12377 19 May 2017 Rodent Mus (Nannomys) minutoides 7 10 10 10
12378 18 May 2017 Rodent Steatomys sp. 10 10 10 10
12380 19 May 2017 Rodent Aethomys ineptus 10 10 10 10
12381 19 May 2017 Rodent Mastomys natalensis 10 10 10 10
12394 29 Aug. 2017 Rodent Mastomys natalensis 6 10 5 10
12395 29 Aug. 2017 Rodent Mastomys natalensis 10 10 10 10
12405 29 Aug. 2017 Rodent Aethomys sp. 10 10 10 10
12406 29 Aug. 2017 Rodent Aethomys sp. 10 10 10 10
12409 29 Aug. 2017 Rodent Aethomys sp. 10 10 9 10
12414 29 Aug. 2017 Sengi Elephantulus brachyrhynchus 10 10 10 10
12422 29 Aug. 2017 Rodent Aethomys sp. 9 10 10 10
12423 29 Aug. 2017 Rodent Aethomys sp. 9 10 9 10
12428 29 Aug. 2017 Rodent Lemniscomys rosalia 10 10 10 10
12434 29 Aug. 2017 Rodent Aethomys ineptus 10 10 10 10
12435 29 Aug. 2017 Rodent Aethomys ineptus 10 10 10 10
12438 29 Aug. 2017 Rodent Aethomys sp. 10 10 10 10
12442 29 Aug. 2017 Rodent Aethomys sp. 9 10 10 10
12443 29 Aug. 2017 Rodent Lemniscomys rosalia 9 10 10 10
12447 30 Aug. 2017 Rodent Micaelamys namaquensis 10 10 10 10
12449 30 Aug. 2017 Rodent Aethomys sp. 10 10 10 10
12452 30 Aug. 2017 Rodent Aethomys sp. 9 10 9 10
12453 30 Aug. 2017 Rodent Aethomys sp. 10 10 10 10
12458 30 Aug. 2017 Rodent Mastomys coucha 10 10 10 10
12468 30 Aug. 2017 Rodent Aethomys sp. 10 10 10 10
12474 31 Aug. 2017 Rodent Aethomys ineptus 10 10 10 10
12475 31 Aug. 2017 Rodent Lemniscomys rosalia 10 10 10 10
L2515 21 Nov. 2017 Rodent Mastomys natalensis 10 10 10 10
12516 21 Nov. 2017 Rodent Lemniscomys rosalia 10 10 10 10
12519 21 Nov. 2017 Rodent Mastomys natalensis 10 10 10 10
12520 21 Nov. 2017 Rodent Lemniscomys rosalia 7 10 10 10
12521 21 Nov. 2017 Rodent Mastomys natalensis 10 10 10 10
12525 21 Nov. 2017 Rodent Mastomys natalensis 10 10 10 10
12538 21 Nov. 2017 Rodent Lemniscomys rosalia 8 10 7 10
12547 23 Nov. 2017 Shrew Crocidura hirta 10 10 10 10
12549 23 Nov. 2017 Rodent Mus (Nannomys) minutoides 9 10 10 10
12552 23 Nov. 2017 Rodent Aethomys ineptus 10 10 10 10
12556 23 Nov. 2017 Rodent Micaelamys namaquensis 10 10 10 10
12557 23 Nov. 2017 Rodent Mus (Nannomys) minutoides 7 10 6 10
12558 23 Nov. 2017 Rodent Saccostomus campestris 6 10 6 10
12562 24 Nov. 2017 Rodent Mus (Nannomys) minutoides 10 10 10 10
12563 24 Nov. 2017 Rodent Mastomys coucha 10 10 10 10
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TABLE 4-A1 (Continues...): Micro-neutralisation test results of all non-volant small mammal serum samples that tested negative for the presence of Mokola virus
neutralising antibodies.

Reference Serum sample information Initial screeningf
number

Sample collection date Non-volant small mammal type  Non-volant small mammal species 1:10 (i) 1:25 (i) 1:10 (f) 1:25 (f)

Secunda, Mpumalanga, South Africa (n = 35)

5532 30 June 2015 Rodent Mastomys sp. 9 9 9 10
5552 01 July 2015 Rodent Mastomys sp. 10 10 10 10
5553 01 July 2015 Rodent Mastomys sp. 4 6 5 6
5566 02 July 2015 Rodent Mastomys sp. 9 10 10 9
5567 02 July 2015 Rodent Mastomys sp. 9 10 10 10
5568 02 July 2015 Rodent Rhabdomys sp. 10 10 10 10
5569 02 July 2015 Rodent Rhabdomys sp. 10 10 10 10
5570 03 July 2015 Rodent Mastomys sp. 10 10 10 9
5571 03 July 2015 Rodent Mastomys sp. 10 9 10 10
5572 03 July 2015 Rodent Rhabdomys sp. 10 10 10 10
5573 03 July 2015 Rodent Mastomys sp. 10 10 10 10
5574 03 July 2015 Rodent Mastomys sp. 10 10 10 10
5575 03 July 2015 Rodent Rhabdomys sp. 9 10 10 9
5576 03 July 2015 Rodent Rhabdomys sp. 9 10 10 10
5577 03 July 2015 Rodent Mastomys sp. 9 10 10 10
5580 03 July 2015 Rodent Mastomys sp. 10 10 10 10
5581 03 July 2015 Rodent Mastomys sp. 9 10 9 9
5582 03 July 2015 Rodent Mastomys sp. 10 10 9 10
5584 03 July 2015 Rodent Mastomys sp. 10 10 10 10
5585 03 July 2015 Rodent Mastomys sp. 9 9 10 9
5586 03 July 2015 Rodent Mastomys sp. 9 10 10 10
12025 26 Jan. 2016 Rodent Mastomys natalensis 9 10 9 10
12026 26 Jan. 2016 Rodent Mastomys natalensis 10 10 10 10
12027 26 Jan. 2016 Rodent Mastomys natalensis 10 10 10 10
12028 27 Jan. 2016 Rodent Mastomys sp. 9 10 8 10
12029 27 Jan. 2016 Rodent Mastomys sp. 10 10 10 10
12030 27 Jan. 2016 Rodent Mastomys sp. 10 10 10 10
12031 27 Jan. 2016 Rodent Rhabdomys sp. 10 10 10 10
12032 27 Jan. 2016 Rodent Mastomys sp. 5 8 5 7
12034 27 Jan. 2016 Rodent Mastomys sp. 10 10 10 10
12035 28 Jan. 2016 Rodent Mastomys sp. 8 10 3 10
12036 28 Jan. 2016 Rodent Mastomys sp. 10 10 10 10
12037 28 Jan. 2016 Rodent Mastomys sp. 10 10 10 10
12038 28 Jan. 2016 Rodent Mastomys sp. 9 10 10 10
12050 29 Jan. 2016 Rodent Mastomys sp. 10 10 10 10
Sp., species.

T, Results for the 1:10 and 1:25 serum dilutions are recorded as a number that represents the number of fields (out of a total of 10) that contain MOKV 12/458 infected cells for both initial (i) and
duplicate (f) rounds of the micro-neutralisation test.
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