
In response to the emergence of Lassa fever, Mar-
burg virus, and Ebola virus in Africa, a Biosafety 

Level 4 laboratory was constructed at the National 
Institute for Communicable Diseases (NICD) in Jo-
hannesburg, South Africa, and became operational in 
1980 (1). To establish which known viral hemorrhagic 
fevers in Africa occurred in South Africa and neigh-
boring countries, antibody surveys were conducted 
on selected human, livestock, and wild animal popu-
lations. Findings for Crimean-Congo hemorrhagic fe-
ver were reported (2,3), but subsequent engagement 
of the laboratory in the investigation of a series of 
hemorrhagic fever outbreaks in Africa led to the sus-
pension of survey publication. We present the results 
of a survey of 5,363 rodents for evidence of infection 
with mammarenaviruses and details of the isolation 

of mammarenaviruses from seropositive species. This 
project was undertaken with approval of the Ethics 
Committee of the National Institute for Virology, sub-
sequently incorporated into NICD. 

Materials and Methods

Viruses, Antigens, Antiserum, and Antibody Tests
We prepared antigen slides to screen for group-
specifi c antibody activity to mammarenaviruses by 
indirect immunofl uorescence (IF) with Mopeia vi-
rus (MOPV) AN20410 and Lassa virus (LASV) Jo-
siah (Table 1) grown in Vero 76 cells as described 
previously (4). The tests were performed with com-
mercially available antimouse immunoglobulin 
fl uorescein conjugate or recombinant protein A/G 
conjugate (both ThermoFisher Scientifi c, https://
www.thermofi sher.com) for nonmyomorph species. 
Polyclonal control antiserum was prepared by intra-
peritoneal inoculation of mice with live virus and 
exsanguination 6 weeks later. We screened serum 
specimens at dilutions of 1:8 and 1:16, titrated posi-
tive samples to endpoint, and confi rmed the result 
by ELISA with MOPV antigen.

Cell lysate antigen for the ELISA was prepared 
and assays conducted as described previously for 
Ebola virus (5), by using antimouse horseradish per-
oxidase–conjugated IgG (SeraCare Life Sciences, Inc., 
https://www.seracare.com). In the absence of con-
trol data, we recorded reactions as positive where 
the net optical density of test serum specimens at 
1:100 was >2.5 times the mean optical density of a 
panel of serum specimens from specifi c pathogen-
free laboratory mice. Monoclonal antibodies to LASV 
and MOPV were obtained from the US Centers for 
Disease Control and Prevention (CDC; Atlanta, GA, 
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We conducted a survey for group-specifi c indirect immu-
nofl uorescence antibody to mammarenaviruses by using 
Lassa fever and Mopeia virus antigens on serum speci-
mens of 5,363 rodents of 33 species collected in South Af-
rica and Zimbabwe during 1964–1994. Rodents were col-
lected for unrelated purposes or for this study and stored 
at −70°C. We found antibody to be widely distributed in 
the 2 countries; antibody was detected in serum speci-
mens of 1.2%–31.8% of 14 species of myomorph rodents, 
whereas 19 mammarenavirus isolates were obtained from 
serum specimens and viscera of 4 seropositive species. 
Phylogenetic analysis on the basis of partial nucleopro-
tein sequences indicates that 14 isolates from Mastomys 
natalensis, the Natal multimammate mouse, were Mopeia 
virus, whereas Merino Walk virus was characterized as a 
novel virus in a separate study. The remaining 4 isolates 
from 3 rodent species potentially constitute novel viruses 
pending full characterization.
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USA) or prepared at NICD as described elsewhere for 
Crimean-Congo hemorrhagic fever virus (Table 2) (6).

Rodent Samples and Virus Isolation Studies
Most samples were opportunistically derived from 
material collected for unrelated surveys and stored 
at NICD. The initial 213 samples were collected at 
NICD during 1964–1981 for arbovirus surveys, 3,542 
samples were collected and submitted by the Depart-
ment of Health of South Africa during 1971–1988 for 
plague surveillance in the central part of the country, 
831 rodents (with an emphasis on Mastomys natalen-
sis mice) were collected in northeastern South Africa 
during 1984–1994 specifically for the investigation of 
mammarenaviruses, 764 rodent samples collected in 
Zimbabwe in 1974 were remnants of a study on Rift 
Valley fever virus (7), and 13 samples were collected 
in 1982 on a farm in south-central Zimbabwe where 
there had been a suspected but unconfirmed case of 
viral hemorrhagic fever in a patient admitted to a 
hospital in South Africa. Live-trapped rodents were 
euthanized and exsanguinated; serum samples and 
visceral organ (lung, heart, liver, spleen, and kidney) 
samples were conveyed to NICD with ice packs and 
stored at −70°C. Coordinates of sample collection 
sites were recorded as quarter-degree grid cells.

We confirmed identities of rodent species yield-
ing virus isolates by determining partial cytochrome 
b gene sequences for 8 selected samples (8). Skull and 
skin preparations of rodents from plague surveillance 
were deposited in the Ditsong National Museum of 
Natural History (Pretoria, South Africa), and selected 
materials from other surveys were preserved at NICD.

We attempted isolation of mammarenavirus-
es for rodent species at locations where antibody 
was found. We inoculated serum and 10% clarified  
suspensions of pooled viscera onto Vero 76 mono-

layer cultures in replicate Lab-Tek 8-chamber slides 
(ThermoFisher Scientific) and examined after in-
cubation for 7–10 days at 37°C by IF with pooled 
mouse antiserum to MOPV and LASV. We passed 
samples 3 times before recording them as negative. 
The 5 original isolates of MOPV from M. natalensis 
rodents from Mozambique were taken to CDC in 
1977 (9); we used duplicate organ samples stored at 
NICD to reisolate the viruses. We screened antigen 
cell spots prepared from cultures infected with se-
lected known mammarenaviruses plus isolates from 
this study by IF against mammarenavirus monoclo-
nal antibodies at doubling dilutions from 1:100. We 
tested all isolates for intracerebral pathogenicity for 
1-day-old mice by inoculation of 2 litters (8 infant 
mice/litter) for each virus.

Molecular Characterization and Phylogenetic  
Analysis of Mammarenavirus Isolates
We performed phylogenetic analysis on 48 isolates 
by using an ≈912-nt (299–304-aa) fragment of the nu-
cleocapsid protein (NP) gene, consisting of 15 isolates 
from this study, 5 MOPV isolates from Mozambique 
(9) that were reisolated during this study, 3 mam-
marenaviruses received from other laboratories—
namely, LASV 331 and MOPV isolates SPB801478 
and SPB801480 from Zimbabwe (10)—and 25 viruses 
for which nucleotide sequences were retrieved from 
GenBank, including 3 New World arenaviruses as 
outgroup taxa (Table 1, https://wwwnc.cdc.gov/
EID/article/27/12/21-1088-T1.htm). We omitted 
from analysis 4 isolates from this study with identi-
cal sequences to Mopeia virus isolate SPU84/491/40 
(Table 1). We excluded potential related viruses for 
which inadequate information was available, such as 
Kodoko virus from Guinea (11) and Lemniscomys vi-
rus from Tanzania (12).
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Table 2. Pairwise comparison of partial nucleocapsid protein amino acid sequence (299–304 aa) percentage difference between 5 
selected southern Africa Old World mammarenavirus isolates from current study and closest relatives, South Africa and Zimbabwe* 

Isolate 
name 

MOPV 
AN206

16 

IPPYV 
DakAn 
B188 

LASV 
Josiah 

MOBV 
3080 

LCMV 
WE 

LUJO 
ZAM 

LUNK 
NKS1 

LUNA 
NMW

1 
MRTV 
NR27 

OKAV 
NR73 

BITU 
ANG 
0070 

SPU 
86/ 

415/ 
2 

SPU 
86/ 

415/ 
4 

SPU 
86/ 
485 

SPU 
84/ 

491/ 
406 

SPU 
85/ 
353 

SPU 
86/415/2 

30 29 29.6 31.3 37.7 43.4 34.7 30 33 15.5 14.2 0 3.7 15.2 32 19.9 

SPU 
86/415/4 

30 28.3 29 31.3 37 43.3 34.3 29.6 32 15.2 14.2 3.7 0 14.8 31.3 19.2 

SPU 
86/485 

27.6 27.6 29.6 29.3 33 39.4 31 28.3 29.3 8.4 9.3 15.2 15 0 29.3 20.5 

SPU 
84/491/ 
106 

24 22 25 25 34 44 35 26 13 30 35.3 32 31.3 29.3 0 27.3 

SPU 
85/353 

26.6 27.6 28.3 29.6 33 42.8 32 28.3 28.3 20.9 19.4 19.9 19.2 20.5 27.3 0 

*BITU, Bitu virus; IPPYV, Ippy virus; LASV, Lassa virus; LCMV, lymphocytic choriomeningitis virus; LUJO, Lujo virus; LUNA, Luna virus; LUNK, Lunk 
virus; MRTV, Mariental virus; MOBV, Mobala virus; MOPV, Mopeia virus; OKAV, Okahandja virus. 
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We extracted total RNA from cultures by using 
the High Pure RNA isolation kit (Roche Diagnos-
tics, https://www.roche.com) and performed re-
verse transcription PCR with primers 19C (5′-CG-
CACAGTGGATCCTAGGC-3′) (13) and OWA2 
(5′-TTCTTCATAAGGGTTCCTTTCACC-3′) (J.C.S. 
Clegg, Centre for Applied Microbiology and Re-
search, pers. comm., 1991) by using the Titan One 
Tube reverse transcription PCR kit (Roche) to am-
plify an ≈1,000-bp fragment of the NP gene. The 
19C primer is complementary to a conserved se-
quence at the 3′ terminus of the S RNA segment 
and the OWA2 primer corresponds to nucleotide 
positions 2402–2424 relative to LASV 391 (GenBank 
accession no. X52400). We designed a degenerate 
reverse primer, Arena A (5′-ATRTARGGCCAW-

CCSTCTCC-3′), corresponding to nucleotide posi-
tions 2357–2376 relative to LASV 391 and 2401–2420 
relative to MOPV AN20410 (GenBank accession no. 
NC006575), to amplify the region of interest for iso-
lates SPU94/88/235 and SPU86/485. Cycling con-
ditions were 50°C for 30 min, 94°C for 2 min, 30 cy-
cles of 94°C for 30 s, 47°C for 30 s, and 68°C for 90 s, 
plus extension at 68°C for 7 min. We purified PCR 
products with the Wizard SV Gel and PCR clean-up 
kit (Promega Corporation, https://www.promega.
com), sequenced with the BigDye Terminator v3.1 
Cycle Sequencing Kit (ThermoFisher Scientific), 
purified on Centrisep columns (Princeton Separa-
tions Inc., https://www.prinsep.com), and ran 
testing on an ABI Prism 377 DNA Sequencing Unit. 
We aligned nucleotide and predicted amino acid  
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Table 3. Summary of rodent samples, serologic test results, and virus isolation studies in study of mammarenaviruses, South Africa 
and Zimbabwe* 
 
Rodent species 
scientific name 

Rodent species 
common name 

Mammarenavirus IF antibody tests 

 

Mammarenavirus isolation attempts 

Tested 
No. (%) 
positive 

Titer range 
(GMT) 

Serum 
samples Organs Total Isolations 

Aethomys chrysophilus Red veld rat 135 10 (7.4) 8–4,096 (207.8)  23 75 77 1 
A. ineptus Tete veld rat 103 0 

 
 0 0 0 0 

Dasymys incomtus Water rat 2 0 
 

 0 1 1 0 
Dendromus melanotis Grey climbing mouse 1 0 

 
 0 1 1 0 

Desmodillus auricularis Short-tailed gerbil 69 0 
 

 0 3 3 0 
Gerbilliscus afra Cape gerbil 26 0   6 10 13 0 
G. brantsii Highveld gerbil 529 4 (0.8) 8–256 (26.9)  0 14 14 0 
G. leucogaster Bushveld gerbil 378 14 (3.7) 8–1,024 (57.9)  8 42 42 0 
G. paeba Hairy-footed gerbil 8 0   2 1 2 0 
Lemniscomys rosalia Single-striped mouse 21 0 

 
 2 8 8 0 

Mastomys coucha Cape multimammate 
mouse 

664 11 (1.7) 8–512 (56.4)  14 63 73 0 

M. natalensis Natal multimammate 
mouse 

1165 370 (31.8) 8–16,384 
(219.5) 

 151 307 380 14 

Micaelamys 
namaquensis 

Namaqua rock mouse 273 20 (7.3) 8–2,048 (132.4)  44 85 101 1 

Mus minutoides Pygmy mouse 16 0 
 

 0 28 28 0 
M. musculus House mouse 25 0 

 
 0 23 23 0 

Mystromys 
albicaudatus 

White-tailed mouse 11 0 
 

 0 1 1 0 

Otomys angoniensis Angoni vlei rat 30 1 (3.3) 16  0 3 3 0 
O. irroratus Vlei rat 266 67 (25.2) 8–8,192 (127.9)  315 59 346 0† 
O. unisulcatus Bush vlei rat 178 28(21.3) 8–2,048 (99.1)  17 19 28 3 
Parotomys brantsii Brant’s whistling rat 10 1 (10.0) 256  0 0 0 0 
P. littledalei Littledale’s whistling rat 3 0 0  0 0 0 0 
Rattus norvegicus Brown rat 125 6 (4.8) 8–8,192 (644.6)  8 47 48 0 
R. rattus House rat 211 1 (0.5) 512  6 38 38 0 
Rhabdomys pumilio s.l. Four-striped mouse 933 11 (1.2) 8–64 (19.3)  73 59 118 0 
Saccostomus 
campestris 

Pouched mouse 82 6 (7.3) 8–1,024 (25.4)  11 24 28 0 

Steatomys pratensis Fat mouse 3 0 
 

 0 2 2 0 
Thallomys paedulcus Tree mouse 31 0 

 
 11 27 27 0 

Zelotomys woosnami Woosnam’s desert rat 1 0 
 

 0 0 0 0 
Cryptomys hottentotus Common mole rat 6 0 

 
 

    

Graphiurus murinus Woodland doormouse 8 0 
 

 
    

Paraxerus cepapi Tree squirrel 6 0 
 

 
    

Xerus inauris Ground squirrel 36 0 
 

 
    

Pedetes capensis Springhare 8 0 
 

 
    

Totals 
 

5,363 560 
 

 691 940 1,405 19 
*IF, immunofluorescence. 
†Organ pool from 1 O. irroratus rat was positive in mammarenavirus IF on first pass in culture but the potential isolate was lost on subculture. 
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sequences using ClustalW (http://www.clustal.
org/clustal2) incorporated inMEGA7 (https:// 
www.megasoftware.net), performed phylogenetic 
analysis by the neighbor-joining method with 1,000 
bootstrap iterations, and calculated sequence di-
versities (p-distances) (14). 

Results
We tested a total of 5,363 rodents of 33 species from 
collection sites throughout South Africa and Zim-
babwe for antibody to mammarenaviruses (Table 3; 
Figures 1–4). Antibody was found to be widely dis-
tributed in the 2 countries (Figures 1–4) and was de-
tected in serum samples of 1.2%–31.8% of 14 species 
of myomorph rodents; 19 mammarenavirus isolates 
were obtained from serum and viscera of 4 seroposi-
tive species (Table 3).

Identities of the 4 myomorph species that yielded 
mammarenavirus isolates—M. natalensis mice and 
Aethomys chrysophilus, Micaelamys namaquensis, and 

Otomys unisulcatus rats—were confirmed from partial 
cytochrome b gene sequences (8) (GenBank accession 
nos. MK531528–35). However, the genus Micaelamys 
has subsequently proved to be polyphyletic and due 
for revision (16), whereas there is debate about in-
clusion of O. unisulcatus in the genus Myotomys (17). 
Furthermore, O. unisulcatus tissue remained available 
only for the Omdraaivlei isolates and not for the Me-
rino Walk isolate. Most of the other myomorph ro-
dents were identified from morphologic features and 
distribution patterns (18), but new species and sub-
species with partially overlapping distributions have 
since been recognized in the genus Rhabdomys (19–21). 
No organs remained available, and serum specimens 
failed to yield DNA for phylogenetic studies; thus, the 
samples are recorded as R. pumilio sensu lato (Table 3).

No mammarenavirus antibody or virus was 
found in 14 of the myomorph rodent species (Table 
3), and although these rodents were relatively poor-
ly represented in the collection, they tend to be rare  
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Figure 1. Locations where 
samples from 5,363 rodents of 
33 species were collected and 
tested for evidence of infection 
with mammarenaviruses, 
South Africa and Zimbabwe. 
White circles indicate sites 
where no evidence of infection 
was found; black circles 
indicate sites where antibody 
to mammarenaviruses 
was detected by indirect 
immunofluorescence.
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species or occur in specialized habitats, such as des-
erts. A further 9 species of rodents—M. coucha, O. 
angoniensis, Parotomys brantsii, Rattus norvegicus, R. 
rattus, R. pumilio s.l., Saccostomus campestris, Gerbil-
liscus brantsii, and G. leucogaster—had low prevalence 
(0.5%–7.3%) of IF antibody to mammarenaviruses; no 
clear tendency to cluster was noted, except that the 
reactions were detected in locations where antibody 
was prevalent in other species. Although IF titers 
were generally low in these species (geometric mean 
titers [GMT] 19.3–57.9), the few >16 tended to be 
supported by ELISA reactions, but samples cultured 
yielded no virus. Anomalous high IF titers of 8,192 
supported by ELISA reactions were recorded in 2 se-
rum samples from R. norvegicus rats collected from a 
location where antibody prevalence of 29.1% was re-
corded in serum specimens from O. irroratus rats, but 
no isolates were obtained.

The remaining 5 species of myomorph rodents—
A. chrysophilus, M. namaquensis, M. natalensis, O. uni-
sulcatus, and O. irroratus—had mammarenavirus IF 
antibody prevalence of 4.2%–31.8%; positive reac-
tions tended to cluster and reached 30%–50% prev-
alence at some trapping sites. The IF titers ranged 

from 8–16,384 (GMT 99.1–219.5), and titers >16 were 
supported by positive ELISA reactions. A total of 19 
mammarenavirus isolates were obtained from 4 of 
these species (Table 3), but a single sample of O. ir-
roratus rat produced an IF reaction on first pass in 
cell cultures that was lost during subculture and 
could not be repeated in further attempts to isolate 
virus. In addition, attempts to reisolate MOPV from 
5 sets of M. natalensis organs from Mozambique (9) 
held in storage at NICD were successful (Table 1). 
All isolates were pathogenic for day-old mice inocu-
lated intracerebrally.

A total of 6 isolates from this study plus 1 reiso-
lated MOVP from Mozambique demonstrated 4 pat-
terns of reactivity in IF screening tests with monoclo-
nal antibodies and selected mammarenavirus isolates 
(Table 2). Deduced NP amino acid distances between 
selected isolates and closest relatives were calculated 
(Table 4). We determined the phylogenetic relation-
ships of 48 mammarenavirus isolates, including 15/19 
isolates from this study and the 5 reisolated MOPV 
isolates from Mozambique (Table 1), on the basis of 
neighbor-joining analysis of partial NP sequences 
(≈912 nt), together with host relationships (Figure 5). 
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Figure 2. Locations where 
samples were collected from 
Mastomys spp. rodents, South 
Africa and Zimbabwe. White 
squares indicate sites where no 
antibody to mammarenaviruses 
was found in M. coucha mouse 
serum specimens; black 
squares,where antibody was 
detected in M. coucha mouse 
serum specimens; white 
circles, where no antibody to 
mammarenaviruses was found 
in M. natalensis mouse serum 
specimens; black circles, 
where antibody was detected 
in M. natalensis mouse serum 
specimens; black triangles, 
where Mopeia virus was 
isolated from M. natalensis 
mouse samples during this 
study; black diamonds, where 
Mopeia virus was isolated from 
M. natalensis mouse samples 
during previous studies, 
including the original isolations 
in Mozambique (9,10).
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The M. natalensis isolates from Mozambique and from 
this study grouped with 2 earlier isolates from Zim-
babwe as Mopeia virus, whereas 5 isolates from this 
study fell into 4 groups; isolate Bobomene from South 
Africa grouped with more recent isolates Mariental 
from Namibia and isolate Witsand from South Africa 
grouped with Okahandja from Namibia and with 
isolate Bitu from Angola (Figure 5). We determined 
phylogenetic relationships on the basis of neighbor-
joining analysis of a 136 bp cytochrome b barcode 
sequence for 8 selected rodents from which mam-
marenavirus isolates were obtained in this study and 
reference taxonomic voucher sequences from Gen-
Bank (Figure 6).

Discussion
The main impetus for this rodent survey came 
from the isolation of the mammarenavirus MOPV 
at NICD from M. natalensis rodents collected in a 

village in Mozambique during an arbovirus study 
in 1972; within months, the same rodent species 
was identified as the host of LASV in West Africa 
(9,22,23). As a consequence, work ceased on Mo-
peia virus at NICD and the isolates were trans-
ferred to CDC, where the relationship to LASV was 
confirmed (9). Although MOPV proved to be non-
pathogenic for nonhuman primates (24), investigat-
ing the possible occurrence and role of mammare-
naviruses as causes of human infection in South 
Africa was considered necessary.

Our survey detected widespread presence of an-
tibody activity to mammarenaviruses in myomorph 
rodent serum specimens within the study area. Be-
cause M. natalensis mice have an eastern distribution 
in South Africa (18), rodents were trapped along the 
northeastern border and MOPV was successfully iso-
lated. However, a mammarenavirus isolated from 
another rodent species, A. chrysophilus, within the  

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 27, No. 12, December 2021 3097

Figure 3. Locations where 
samples were collected from 
Micaelamys namaquensis 
rodents, South Africa and 
Zimbabwe. White circles indicate 
sites where no antibody to 
mammarenaviruses was found 
in M. namaquensis rat serum 
specimens; black circles, 
where antibody was detected 
in M. namaquensis rat serum 
specimens; black triangle, 
where a mammarenavirus  
isolate was obtained from an  
M. namaquensis rat sample.
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distribution range of M. natalensis mice was found 
to be distinct from MOPV; 4 isolates obtained from 2 
other rodent species further to the west also differed 
from MOPV (Tables 1–4; Figure 5).

Unpublished serosurveys conducted on humans 
in South Africa during 1984–1988 in parallel with the 
rodent survey included a study of 7,665 long-term 
(>5 years) healthcare workers from 66 secondary 
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Figure 4. Locations where 
samples were collected from 
Otomys unisulcatus rodents, 
South Africa and Zimbabwe. White 
circles indicate sites where no 
antibody to mammarenaviruses 
was found in O. unisulcatus rat 
serum specimens; black circles, 
where antibody was detected in O. 
unisulcatus rat serum specimens; 
black triangle, where Omdraaivlei 
mammarenavirus isolates were 
obtained from O. unisulcatus rat 
samples; black diamond, where 
Merino Walk virus was isolated 
from O. unisulcatus rat. Shading 
indicates distribution range of O. 
unisulcatus rats. Adapted from 
Chimimba and Bennett (15).

 
Table 4. Reactivity of selected mammarenavirus isolate-infected cell antigens in indirect immunofluorescence tests with monoclonal 
antibodies to Lassa fever and Mopeia viruses, South Africa and Zimbabwe* 

Virus antigen 

Monoclonal antibody titer† 
CDC 5254–6 

Lassa N 
CDC 5293–4 

Lassa N 
CDC 5273–8 

Lassa N 
CDC 5285–6 

Lassa G 
CDC 5329–1 

Mopeia N 
NICD 4E9 
Mopeia N 

NICD 3G9 
Mopeia N 

LCM Armstrong >12,800 – – 1,600 – – – 
Lassa Josiah >12,800 >12,800 >12,800 3,200 – >12,800 – 
Ippy DakAnB 188d >12,800 – – 3,200 3,200 >12,800 – 
Mobala A11/3076 >12,800 – – 6,400 – >12,800 – 
Mopeia AN 20410 >12,800 >12,800 – 400 >12,800 >12,800 >12,800 
Mopeia SPU82/30/1 >12,800 >12,800 400 800 >12,800 >12,800 >12,800 
Mopeia SPU84/491/73 >12,800 >12,800 400 200 >12,800 >12,800 >12,800 
Bobomene 
SPU84/491/106 

>12,800 >12,800 – 1,600 >12,800 >12,800 >12,800 

Witsand SPU86/485 >12,800 >12,800 >12,800 – >12,800 >12,800 – 
Omdraaivlei SPU86/415/2 >12,800 >12,800 >12,800 – >12,800 >12,800 – 
Merino Walk SPU85/353 >12,800 – – – >12,800 – – 
*G, antiglycoprotein; N, antinucleoprotein; –, none. 
†Antibody titers shown as reciprocals of serum dilution. 
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hospitals that receive patient referrals from district 
hospitals who were tested for evidence of nosocomial 
infection, plus a study of 2,041 long-term (>5 years) 
rural residents and workers in the livestock and wild-
life industries who were investigated for evidence of 
exposure to zoonotic viruses (R. Swanepoel, unpub. 
data). An overall prevalence of 1.0% (93/9,704) of IF 
antibody to MOPV antigen was recorded at titers of 
8–2,048, gmt 33.0; higher prevalences of 10%–15% oc-
curred in a few widely separated locations near the 

eastern border, but no histories of disease consid-
ered indicative of mammarenavirus infection were 
obtained. To the west, in Free State, Northern Cape, 
North West, and Gauteng Provinces, no antibody to 
mammarenaviruses was detected in rural residents 
and workers in the livestock industry despite the iso-
lation of mammarenaviruses from rodents. Aliquots 
of human serum samples collected during the origi-
nal investigations in Mopeia village, Mozambique, in 
1972 remained available at NICD, and IF antibody to 
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Figure 5. Phylogenetic 
relationships of 48 arenavirus 
isolates based on neighbor-
joining analysis applying a 
Jukes-Cantor model of partial 
nucleoprotein sequences (≈912 
nt), together with known host 
relationships and collection 
dates. Values at nodes indicate 
the level (%) of bootstrap 
support from 1,000 replicates. 
Scale bar indicates base 
substitutions per site. Bold 
indicates sequences determined 
in this study. ANGL, Angola; 
AR, Argentina; AU, Australia; 
CAM, Cameroon; CAR, Central 
Africa Republic; CO, Colombia; 
CIV, Côte d’Ivoire; ETH, 
Ethiopia; GHA, Ghana; MOZ, 
Mozambique; NAMB, Namibia; 
NIG, Nigeria; RSA, Republic of 
South Africa; SL, Sierra Leone; 
TAN, Tanzania; TR, Trinidad; 
USA, United States; ZAM, 
Zambia; ZIM, Zimbabwe. 
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MOPV antigen was detected at a prevalence of 16.1% 
(32/199) with titers ranging from 8 to 8,192, gmt 
229.6, similar to the findings initially recorded when 
no disease associations were identified (R. Swane-
poel, unpub. data).

In further checks on the possible occurrence of 
mammarenavirus-associated disease, 379 patients ex-
periencing febrile illness in 4 district hospitals along 
the northeastern coast of KwaZulu-Natal Province, 
South Africa, were monitored for evidence of MOPV 
infection or seroconversion in 1985 without positive 
result. No antibody was detected in 100 chronic re-
nal failure patients on dialysis in Gauteng Province, 
South Africa, in 1993 (R. Swanepoel, unpub. data).

Among routine diagnostic samples submitted to 
NICD, resting IF titers of 128 and 256 of IgG to MOPV 
antigen were detected in 2 patients from South Af-
rica, but no etiologic significance could be attached 
to these findings. A single case of fatal LASV infec-
tion was diagnosed in a patient from Nigeria who 
was evacuated to a hospital in South Africa in 2007 
(R. Swanepoel, unpub. data). The only other human 
arenavirus infections diagnosed within South Africa 
were in 2 patients referred successively from Zambia 
in 2008 who were infected with the novel Lujo virus 
and 3 local healthcare workers who acquired noso-
comial infection from those patients (25). At the time 
of the Lujo virus outbreak, involvement of any of the 
mammarenaviruses isolated from rodents during the 
current study was ruled out; in the process, the Me-
rino Walk isolate was characterized as a novel mam-
marenavirus (26).

The widely distributed M. natalensis mouse of 
sub-Saharan Africa consists of 6 matrilineages that 

fall into 2 clades, AI-III and BIV-VI, on the basis of the 
mitochondrial cytochrome b marker (27,28). Each lin-
eage is associated with >1 mammarenavirus, ranging 
from LASV in lineage AI in West Africa to MOPV and 
Luna virus in lineage BVI in southern Africa (28,29). 
Our findings confirm the association of MOPV with 
M. natalensis mice in southern Africa, where this ro-
dent is sympatric with M. coucha mice in northeastern 
South Africa and in Zimbabwe. However, the distri-
bution of M. coucha mice extends westwards into the 
drier interior of South Africa; the low prevalence of 
MOPV antibody found in this species could repre-
sent spillover of infection from other rodents, rather 
than the harboring of a mammarenavirus (Table 3). 
Whereas M. natalensis mice in the mesic east are peri-
domestic, indigenous rodents tend to be sylvatic and 
less closely associated with human dwellings in the 
xeric west, where no evidence of infection was de-
tected in humans.

The isolates from this study are provisionally 
named for their locations of origin (Table 1; Figure 5), 
but the isolates obtained from M. natalensis mice rep-
resent exemplar isolates of MOPV, and Merino Walk 
virus is clearly distinct. Although the apparent shar-
ing of rodent hosts mitigates against species recogni-
tion within the mammarenaviruses (30), clarifying the 
interrelationships between the Bobomene, Witsand, 
and Omdraaivlei isolates and their relationship to the 
Mariental and Okahandja viruses from Namibia (31) 
and Bati virus from Angola (32) anticipates complete 
genomic characterization of the isolates.

The phylogenetic relationships between 8 rodents 
from which mammarenaviruses were isolated in this 
study and reference taxonomic voucher sequences from 
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Figure 6. Phylogenetic 
relationships of 8 rodents from 
which mammarenavirus isolates 
were obtained in this study 
(bold) and reference taxonomic 
voucher sequences from 
GenBank. Tree was constructed 
based on neighbor-joining 
analysis of a 136-bp cytochrome 
b barcode sequence. Values 
at nodes indicate the level of 
bootstrap support from 1,000 
replicates. Scale bar indicates 
base substitutions per site. 
GenBank accession numbers, 
rodent reference number, 
and country of collection are 
indicated. RSA, Republic of 
South Africa; ZIM, Zimbabwe.
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GenBank are compatible with the concept of cospecia-
tion of arenaviruses and their rodent hosts (Figure 6), 
except that the interrelationships between Witsand, 
Okahandja, and Bitu isolates await clarification as previ-
ously noted. Moreover, the unavailability of rodent host 
tissue for Merino Walk virus precluded comparison 
with ostensibly the same host species, the O. unisulcatus 
rat, of the Omdraaivlei isolates. However, O. unisulcatus 
rats reportedly comprise a coastal lowland group that 
is located where the host of Merino Walk virus was col-
lected and a central interior group that covers the area 
where the hosts of the Omdraaivlei isolates were ob-
tained, although the low sequence divergences did not 
warrant recognition of subspecies (33). The observations 
on rodents from Zimbabwe were limited, and the single 
isolation of Mopeia virus obtained from M. natalensis 
mice from a farm near Masvingo was not related to the 
nonfatal illness of a former farm resident who was hos-
pitalized in South Africa.

Further research on mammarenaviruses in rodents 
in South Africa should include attempts to isolate virus 
from O. irroratus rats and possibly Lemniscomys rosa-
lia mice, which were underrepresented in this survey; 
the presence of Luna-related and Lunk-related viruses 
that were identified in Zambia in M. natalensis and M. 
minutoides rodents should also be investigated (34). 
Furthermore, the reservoir host and distribution range 
of Lujo virus in southern Africa have not been deter-
mined.  A greater knowledge of the occurrence and di-
versity of mammarenaviruses in Africa is foundational 
to understanding the possible health risks associated 
with these viruses and preparedness for the emergence 
of such viruses in the future. 
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