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Sero-epidemiologic survey has been carried out to establish serologically the presence of
hantavirus in areas of South Africa. The survey was oriented to search natural infection in both
of humans and wild rodents and involvement of human disease. The normal human sera were
collected from the residents in urban and rural areas of Western Cape, and rural area of Eastemn
Cape province. The rodent sera came from various species of rodents trapped in Northern Cape
and Western Free provinces. The patient sera were selected from the patients of renal failure,
pulmonary syndrome and pyrexia of unknown origin (PUO) according to diagnostic chart among
the patients hospitalized in major hospitals of Cape Town area. The sera were screened and
titrated by IFA test using antigens of Hantaan (HTN), Seoul (SEO), Puumala (PUU), and
Prospect Hill (PH) viruses primarily. Positive cases were subjected to differential IFA test using
HTN, PUU and PH antigens and plaque reduction neutralization test for further confirmation.
Anti-hantavirus antibodies were detected from 2 of 352 rural, 1 of 172 urban residents of E. Cape,
and 5 of 118 rural, 5 of 368 urban residents of W. Cape. The antibody was also demonstrated
from 5 of 221 wild rodents, and it was appeared that 2 different species, Aethomys namaquensis
and Tatera leucogaster, are involved. Among 318 patients tested, 3 who were diagnosed as
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chronic renal failure, acute respiratory distress syndrome (ARDS) and glomerulonephritis were
proved to be positive. The reaction patterns obtained from all of these positive sera were distinct
from hantaviral sero-patterns ever established. This result suggests that new viruses may exist in
this area and play an possible etiologic role in human disease. The feature of serologic survey on
anti-hantavirus antibody demonstrable newly from African wild rodents which are different from
reservoir species in other continents elicits a conjecture that the virus may be different from
known hantaviruses ever found. This fact also suggests that an expanded role in etiologic
involvement with other unknown human diseases by newly emerging hantaviruses may be

possible in this areas.
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1617} AAA A %3 (natural host) [2, 9, 19, 20],
213 A3 2 (mode of transmission) S-of #& 21
T e EHE S AT lolN 2=
etk mofo] o)Fojpnt. I Fet Hio X
o 53 ¢ EeU¥el glg oz AA Z4H
oA thekgt ) (family Muridae) X FZHE
wolei et Aol §AFE oj2l SR vhola)
250 & EYHE AV E AT 2,7,
14, Vo7t Woputolel 22 Ut S4g
Ze Aoz 37 olE dde ulolHAEL
2 Rol 1 A4S vo 2 Woluo) 23}
(family Bunyaviridae) ol M 22 & (genus)o. &
A%, 3 £9-& dehutol el A (Hanmvirus)et 87
Fozx o5 Fehuto]2{ 23} (hantavirology)
o] 4UHE W] HhAH AT [4, 21, 22, 24],
Behlolel 2 &9 o2 fAD vpojg 25 L
FEAZ 2 I GUIME B 2518 B8 F8
dlo] 2] 2 9] - (species) == A F (serotype) 2.
2 382 F o, o] Fd= 4F (prototype)
o] ¥+ Hantaan virusZ ¢ A}3ll 4] Seoul, Puumala
2 Prospect Hill virus$} Dobrova, Thotapalyam, Thai-
land, Maaji virus [1515°] Ut} 2Qdd& o= @

-12-

X 5] Four comers 2| oA 7]&2] IS &
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¥ (Hentavirus pulmonary syndrome, HPS)Z 4 o
7] = Sin Nombre virus?} £2] 9 [5] o] & v+ A
oA o]&} FALG Fe] wtolzEo] AL
DASEA FEHutelEl 2 Fo 4IPS G
73 gl

} 2 o] AA AYH (emerging infectious di-
seases) .24 AA FETD Ye AAF vl
2% 9 (rodent-borne hemorrhagic fever)< $He}H}
ol A (hantaviruses)?} 1) 3n = 2 FF
negative-strand RNA 1}o] 2] 291 ol vjulo] 3l &
(arenaviruses) (family Arenaviridae)ol| 28] dojrt
Lo, B3 wolE s FolA dslE AT o)E
o 7} BX7L AU 524 B 35 4
7} AAF (rodent)s} FHF o] ot I E £ of
#}ulo)3] A& Fo A Argentine hemorrhagic fever
£ 99079 Junin Hlo]H 28] &£FE
musculinus (comn mouse)°} ™ [1] Tamiami B}o] 2]
2 & Sigmodon hispidus (cotton rats) [3]0]t}. e}
vlo] 2] 29} 7-9- w3} Hantaan, Seoul, Puumala,
Prospect Hill virus @ Sin Nombre virus®] 2}<1 4|
a3t
Clethrionomys glareolus, Microtus pennsylvanicus$t
Peromyscus maniculatus©)t} [2, 8, 9, 20).
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2 Al 2 vo)z e} el 1sE @
A Al ol B ARE A4 5 ek,
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7t & 9 5% A7 #aAH e RAe
whel el 2%t 2 ek AeolA 9 F9) e
Agelth o] AHd & Addtd AR LA
Fefutole 20t AAA Z4F HXFE9 AAF
g 128 oz gefutelgi A A3 (han-
tavirus diseases)®] A AZA 7] X D3} {E

WA 7lex Y we %‘L— 8 & 4 3ot (Figire 1).
3tetulo) g A £ FEE (patural host) E& H 5
Z & (reservoir) X]EPﬂ EXE 84 98ty %

AE EY AANA ) Feprtolgx AR A
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FeA g9 o && 7HEEHA e
&322 BXE opAo} (53] FHoAo
o £ (53 B8E) 281 Bdv] 4§ (59
Buooll A 7tz &l Vel glen, o] 53 F
F3hE vio 229} o]d 7]Q1ste] FHEputol B A
2 3} (hantavirus diseases)o] WA AH Q] FFo g
WAstT gl 1 42 vho]# 2o we) tha
A viebg 4 Qo o2 FH A B o A
7R 82 2 vle|P 2] EA 2 SFFE
of #3 PRI AFF o} X7t R TF 59
olo) B VS ZAFHE AL W FHee
Qol3} EA|o) gHejuto]a} A8te] WA o] Lo A
3% dojr} 53 ofZEFt A9 A FF
9] wholgj A4 Z¥Po] WAL Y& AFH &

Flgure 1. Geographic dlstnbutxon of murzdae wild rodents which are known reservoirs of hantaviruses. Apo-
demus mice (A. agrarius' and A. flavicolis® ) are distributed in Northern Asia and Balkans including Yugoslavia,
respectively. They are natural reservoirs of Hantaan and Dobrova viruses which cause severe hemorrhagic fever
with renal syndrome (HFRS) in such regions. Clethrionomys mice (C. glareolus®) are distributed in Northern
Europe and reservonr of Puumala virus which causes nephropathla epidemica. In new world, Microtus (M.
pennsylvanicus®) and Peromyscuss mice are natural reservoirs of Prospect Hill and Sin Nombre viruses, respec-
tively. Sin Nombre virus has been known to cause hantavirus pulmonary syndrome which is different from
HFRS in clinical symptom. Meanwhile, two continents -Africa and Australia- have been not yet known either for
the presence of hantaviruses or possible role of wild rodents as natural host in these geographic regions.
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1. Hiol|2{A

E a7 ALEE vlolglAE L
FrEptol 2 20] AP o v A =
odemus agrarius coreae))| ] ] H dLek
uho] ) 2 (HIN/76-118) [8, 11]9} %4t I F (Ra-
ttus norvegicus)ol| A E2]€ A& (Seoul) vlo]a]
(SEO/80-39) [7], L8] WHE=AF bank vole (Cle-
thrionomys glareolus)2 58] ¥-2]d F2a} (Puu-
mala) vlo] 2} A (PUU/Sotkamo) [2}¢} 1] =+e] Fre-
derick (Maryland)ol| A & 2wz Microtus
pennsybanicus)ol| A E-2] gk T2 A EF (Prospect
Hill) vleo] 2} 2 (PH/PH-D) [14]2 A1-835tt) =&
Hlo]H A& 70T BH Folul seed virusS-&
Vero-E6 Al o] ZHHAIA 2~30) AlTh wjFs R
o= Agas

2. HAA|E L Hio|B{ A bljot

upol 2] 290 Wi F& A2 Vero-E6 Al (CRL
1586) (ATCC, Rockville, MD.)Z A} £33t} Al E
W FH -2 5%2] heat-inactivated fetal bovine serum
(FBS)o] A 7}2 DMEM (Dulbecco's modified essen-
tial medium) (Biowhittaker, Walkersville, Maryland.)
= A3t 5% COt BFH & 37T Wy of
A @3 g3t Hhol g o) Wi ke i oy
= AAT SFA T vtelalx F F 37C|
A IARE FHAD F oA A2 Wy v}

-14 -

‘s Hantavirus Presence in South Africa

k] wto]2j 2ol mheh 7~12U 3k wj F3hH o
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agln F2e 2 T2 AYEY blolgHAaE 129
H A7) O, AIZELS EFA st ¢
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W AT ol 9T AAANATD. AT
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Atk A WA A2A o) 54 of
F4 1841 o) el FRlolRT WA A
Fu1 0] Sohe AL BT,

(1) Western Cape

@ =A) XY - Cape Town 2] A2 |
A9l A9 squatter communities (% #
&)l B33 7 formal housingol] A 33t FH
2267 3} A]WY Hanover Park (Cape plate 2] <)o
AFshe FY 142902 25 3684,

@ =& A9 - Ceress} Worcester 2 Aurora X|
9 F&E 229 formal housing communitiesol] #
Fote F9 1183,

(2) South Eastern Cape

@ =A] XY - East London &1 Cecilia ] & o]
AFshe 7 1729,

@ ¥& A9 - Keiskammaheok$} Peddi ) 2 <)
2PY Ao AEAHC Euty (traditional mud
house)o] A Fot= AAAE B T 24 3529,

2) &7 €¥

Northern Cape2] Preezfontein X] 9 ¥} Western
Free State] Vogelfontein, Bloemfontein (Bainsvlei)
A e okx|o| A EBE Aethomys namaquensis,
Saccostomus campestris R Tatera leucogasterS
3 221vte] o] AF ol EHERE AHT
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3) BX Y

Cape Town A9 9] o8] Helo] A3 A=
Foll A AFHZ (renal failure), =) 5% (pulmonary
edema) 2 %?l%tg 4 (pyrexia of unknown origin,
PUO) 18] 31 A} A A QD (glomerulonephritis) ©. 2
Add 2z 318 o2 Ry AL SAsG)
o % clol AFHAY BAE AZF 28D 4
Ab Bxt2 2] A E] o] Dr. Noveljic (Department of
Virology, University of Stellenbosch)© 2 X8 7] A}
o= " Rl At (Table 3, 4).

5. 2% HAYTYH Y

FA A& 0 99838 (immunofluore-
scent antibody, IFA)Y] [17].2 dtith = -70T
o B Fold ek 2 e~ EY nlo)g A
T o) =E AW QLA T g oA
E22 1083 A7 2 AAFE A DS (pho-
sphate buffered saline, PBS, pH 7.4)2 1027} 4},
AZAAY. o) AW DHNZ A7) 5@ AE
‘gl PBSE 16W] B A7 A AL slsln
37CAA 3023t WHGAZ T weS vh3 A E
= PBSZ 1083 A&, Ax & FITC-conjugated
goat anti-human IgG (Cappel, USA) (1:500) (3]
39| 7% anti-mouse IgG)E 7}ste] A3} whs-
I FL oz vkeAT) 1 A, Az o}
&+ ¥Fdn| 7 (50 W, Zeiss Co, Germany) (4004])
AERE Seo) A F39] w72 BA3A
5ol¥Bo] RAHA Yo 2 AHm oS
FAERA deiNe F712 7 2 g4
< AAEA T

6. ddgy ol Y U &Y

1) 8 A o G341y (differential immunoflu-
orescent antibody, DIFA) [18]. 9] IFA AALA 3}
G4 AL 116%E 204 HMPoz 3N
g Fol] HIN, PUU ¥ PH| 4] £79] gd&
ALg8te] Al Gt 2 & AAstg e, 7t g
ol A& FrtzA whg HE (pattern) S F3}m
ol & 71ES g9 E ety 2] ST H
W, 7 o) & sk nAt ST

2) E83 74 £3MA) 8 (plaque reduction neu-
tralization test, PRNT) [17]. 9] 9] IFA 7AA}A 3} <
4o 2 #HE A& HIN, SEO 2 PH ulo]
29 33} o] % % AILE 2AGAD. 3 vho]
Bz0) Eob2 AHAEE o) oF 100 Sz
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Table 1. Positive cases of anti-hantavirus antibody
detected from normal population resided in urban
and rural areas of Western and South Eastern
Cape, South Africa

Province Area  No. positive*/no. tested
Utrban® 5/368
Western Cape Rural’ 5/118
South Eastern  Urban® 1/172
Cape Rural’ 2/352

* Squatter communities, Hanover park (Cape plat) in
Cape Town, b Ceres, Worcester areas, ° Cecilia area
in East London, and d Keiskammaheok, Peddi areas.
*The dilutions (1;16) of sera were tested against
Hantaan and Prospect Hill viral antigens by IFA.
The test showing typical cytoplasmic fluorescence
was considered as positive

24 volz 2 Fofo] BFe] L10SIA AlZe
of 4= E A g A HAHE Pa 37CoA 14]
g FIAATE L 3 o] vlo|H A-8H &
35 (virus-serum mixture)S 6 well plate]] ufj 2k3}
Vero @A 2ol ZAAIZ] F 0.6% seakem agar-
DMEM (10% FCS, L-glutamine, nonessential amino
acid £$HE H7L 37CAA LFL7F W Fstd
o 7 F o] @zl A Eo) vhol el 29| BB
3} peroxidase EA] Aoz ¥H-3A 7 o} di-
aminobenzidine$r 7}8ted A H o] Vet kA
ol & A, 8439 A AR E BFBY
PRN @l7be Eohas) 57k 44 AT (B4
A 2 A v|HIF A @)l vF 80% ©]/d
A28 e @Ae An YW Gom
SERELEY

2 o

1. gtetufol2 & BHol HB

[vd

1) ™Makol 83

Western Cape2] T=A] A| Y (urban area)Ql Cape
Town Tl (squatter communities) 2 A] 7}A] (Han-
over park) 9 368E .2 X H 59 agn &
A% (rural area)Q] Ceres$t Worcester 2] & 2] F1l
118% FollA] 579 &A FdA7t EA= A
South Eastern Cape2] = A] X9 . &+ East Lon-
don®] Cecilia A o] AF3t= 9 17280021
B 1% 22 AlF & A9 Keiskammaheok
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Table 2. The detection of antibody against hantavirus in sera of wild rodents captured in South Africa

Reciprocal IFA titer” against hantaviruses

Species Captured area
Hantaan Seoul Puumala  Prospect Hill

Aethomys namagquensis 64 32 <16 <16 Preezfontein, Western
Free State

Aethomys namaquensis 64 64 <16 16 Preeczfontein, Western
Free State

Aethomys namaquensis 32 32 <16 <16 Vogelfontein, Northern
Cape

Aethomys namagquensis 64 16 <16 <16 Vogelfontein, Northern
Cape

Tatera leucogaster 128 32 <16 <16 Bainsvlei, Bloemfontein

Free State

"Titers were expressed as reciprocal of the highest dilution of serum resulting in specific fluorescence

Table 3. Personal data of the hospitalized patients of which anti-hantavirus antibody was detected in sera

Patient Gender Age  Occupation Area Diagnosis Date
hospitalized
1 F 24  Farm laborer Ceres Chronic renal failure 7 July, '97
2 F 26 Cape Town (Grassy Park) ARDS
3 F 7 Piketberg Glomerulonephritis 25, Oct., '97

Table 4. Clinical history of the patient from Piketberg area

@ 3 wecks prior to tonsillitis, fine macular rash starting on the back, spreading to the limbs and face;
duration +4 days, no other symptoms.

@ Tonsillitis, seen by a doctor, given antibiotics.

@ 3 days later, seen by the same doctor now with a swollen face.

@ 4 days later, seen by another doctor, hematurea; diagnosed to glomerulonephritis, admitted to
Piketberg hospital.

@ Spiking fever: 37.5~39.0C, BP: 130/90, oliguria, hematuria, back & abdominal pain.

@ 4 days later, transferred to Paarl hospital followed shortly Tygerberg hospital admission. (Oct. 25, fever,
fine rash, abdominal pain; Oct. 30, Tygerberg hospital for management of renal failure).

9} Peddi A H o] AFete FH 3528 02 REE
27 9) gt FA A7 2 H A} (Table 1).
PAR=ES=F<|
Western Free State} Northern Cape ¥t ol A =]
s 2108]9) EF Fo)A SulE]r) FAol
. THF 2 Aethomys namaquensis7} 4v}g] 18]
3 Tatera leucogaster7} 12}2) 5 .2 Aethomys 7 o))
A B} A 9o wA JdET) (Table 2).

3) &x @A

AALE 3189 9] $x} F 3w o|A FH|7F HA
daed, 94 AGS 747 dAARAFH F
A5 EZHZF T (acute respiratory distress synd-
rome, ARDS) 1231 AFFA|41E (glomerulone-
phritis)©. 2 1}e}skt) (Table 3, 4). 4] $kx}o] 7tz
< ol 2 2 Pl hF -
Aol 7t YAk F WAAFAS A A7t
© e utolg 2 g dig) A ke o
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Table 5. Presence of anti-hantavirus antibodies in sera from hospitalized patients in south Western Cape area,
South Africa

Serial Reciprocal IFA titer against hantaviruses
Patient blood Diagnosis & remarks
00ds Hantaan Seoul Puumala  Prospect Hill
R-1 16 <16 <16 <16 Urgent hemodialysis for
1 acute volume overload.
R-2* 128 32 <16 16 Chronic renal failure
A-1 <16 <16 <16 32 Severe pneumonia bilateral,
2 A2 <16 <16 <16 128 acute respiratory distress
syndrome (ARDS)
G-1 256 <16 <16 <16 Fever, fine rash, abdominal
3 G-3° 512 <16 <16 <16 pain, glomerulonephritis
G-5 1.024 <16 <16 <16

* The 2nd bleedmg was done at a month later from 1st bleeding. ® The 2nd bleedmg was done at 5 days later
from 1st bleeding. © The 3rd bleeding was done at § days later from 1st bleeding, then ¢ the 5th bleeding was
done at 18 days later from 1st bleeding, respectively

Table 6. The antibody titers against hantaviruses of positive sera from normal residents of urban and rural areas
in Western and Eastern Cape, South Africa

Reciprocal IFA titer against hantaviruses

Area Province Place of residence
Hantaan  Seoul = Puumala Prospect Hill

<16 <16 <16 128 Cape Town (squatter communities
W c <16 <16 <16 512 & formal housing)
estern Cape 16 <16 <16 512
Urban <16 <16 <16 128
512 128 <16 <16 Cape Town (Hanover park)
Eastern Cape  1.024 64 <16 <16 Cecilia, East London
128 16 <16 <16 Ceres, Worcester (formal housing
128 32 <16 <16 communities within villages)
Western Cape 64 16 <16 <16
Rural 256 64 <16 16
64 128 <16 <16
E c 128 16 <16 <16 Peddie, Keiskammahoek
astern (ape 548 2048 <16 <16 (traditional mud house)
so2 e, T2 ARES Hlo)a Ao £AFT} 2. Y HAYEEAHY (DIFA) o3t dE ¥
ARDS 349 A 3E T2AgEY g9 g =0
TS A Blon, ATANYE Ak e g (HTN), & (SEO), F% & (PUU) 12| x

utolgl~ ghelol tiafj ARt B3] w2 FAVLE Z22HEY (PH) vhol2l 2 & & o8, A4
YER T aEla Al B4 B0l A paired sera o728 AAstal 2 ue wEd] gE Y9l

o F7] W samplec] 4 FATLe) AEo]l 4F  Pdo ARFL 7179 A= DA o] A3}
%) QT (Table 5). A St 1 A% 712 44 Aene o

A R & ez FEE F AU
&% FAA9 7S Table 6014 BodF nt
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Table 7. Demographic data of anti-hantavirus positive normal residents

Age 65 53
Gender F F

Employed No No
Scarification Yes Yes

60 53 49 31
F F F F
No Yes No Yes
Yes No No Yes

Table 8. The plaque reduction neutralization (PRN) titers against hantaviruses of the selected IFA positive sera
from patients and normal residents of urban and rural areas in Western and Eastern Cape, South Africa

IFA titer" to hantaviruses PRN titer” to hantaviruses
Sera from Diagnosis
Hataan Seoul  Prospect Hill Hataan  Seoul  Prospect Hill
Normal
resident 64 128 <16 20 <20 <20
Patients 128 32 16 20 <20 <20 Chronic renal
<16 <16 128 <20 <20 <20 failure
1.024 <16 <16 320 <20 <20 ARDS

“IFA and PRN titers were expressed as the reciprocal of the highest dilution of serum resulting in specific
fluorescence or in reduction of the number of virus plaques by 80% or more, respectively

A8 FE FU (rural residents)®] 7= Western
Cape 9} Eastern Cape % X Follx] HIN 3+ o
7w 0g diE vrisien He
= ol o} vhgAd e B} vA e
kbl PH 9 PUU FLEHE= 16 o] 3} (<16)2A]
W T Mg HST ol% e W o)
de ge wolei2g Aol e 49
seropattern I [18)3} W] %&}A) gt 8 Xto) A& 3
g3 A g gdo] R wHgAde) g e Ao
Z #3251} Hanover park$} Cecilia®] =A] &
W A9E wE 50 A A AP LS
Bl (Table 6). S7 2] 3% (Table 2)E 19
Ho] »& Frl9 AR 22 < YeliA
o, @ A% g (Table 5)%
3 & B

ZAIE: Cape Town?] squatter XS F513} 2-&
%4 9jze] 5 A=A B PH 34
I Hr} 22 whgAde] #EHUAD HIN g9
o} ¢ Hoke We-g UERfo] (Table 6) 9]
&% T2}, ARDS B7te) 2 S (Table 5)
g T 2UEY o M e A S
8o} o] Fol &ct.

H 3Y: AFT A4 Y Bt Fhe ulol B A
of el ut & AT 1110242 Vel g oz
A (Table 5) 919) % B FRAE £ Ge Y

0 &4
h~i

TE
=
[<]

s&x}

fr

fa o
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3. gtEBlO|R2 A EEHEA|

R YFYA) I YASA A ¥, AL
2 Z22UEY o] 29] F3} AIF}E Table
8ol Z1&3tAth B4 B F BAH) BF ¥
g njo] ] 2o h§ PRN &7 20024 ujek
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