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BACKGROUND

The Special Pathogens Unit of the National Institute for
Communicable Diseases (SPU-NICD) is primarily
tasked with the laboratory diagnosis and investigation of
infectious diseases caused by biohazard class 3 and 4
zoonotic viral agents occurring in Africa. These include
viral haemorrhagic fevers (VHFs) caused by Crimean-
Congo haemorrhagic fever, Marburg, Ebola, and Rift
Valley fever viruses, Lassa fever-related arenaviruses,
and hantaviruses. The Unit is responsible for the
diagnosis of other arboviruses of public health
importance including West Nile, dengue, yellow fever
and chikungunya as well as for diagnosis of rabies and
rabies-related viruses. The Arbovirus Laboratory of the
SPU-NICD is accredited by the South African National
Accreditation System (SANAS) under ISO 15189.

The SPU-NICD diagnostic and research projects are
focused on the enhancement of the regional capacity for
outbreak response and preparedness for emerging and
dangerous pathogens. These objectives are pursued by
continuous improvement of classical diagnostic tools,
applying new technologies for rapid pathogen discovery
and characterization, and development of mobile
laboratory platforms for deployment in remote areas
during VHF outbreaks. The Unit is involved in the
development and evaluation of vaccines against VHFs,
and research on epidemiology, ecology, pathogenesis
and molecular biology of viruses that cause VHFs,
arboviral, rabies and rabies-related diseases and other
emerging zoonoses. Special emphasis is currently
placed on investigating the role of bats as putative
reservoirs of Marburg and Ebola viruses, including

sampling of bats in filovirus outbreak locations, plus
experimental inoculation studies in bats. The Unit
contributes to regional training, development of
scientific and technical expertise and production of
diagnostic reagents for detection, identification and
monitoring of VHFs.

ACTIVITIES, HIGHLIGHTS AND
ACHIEVEMENTS

DIAGNOSTIC AND SURVEILLENCEACTIVITIES

A total of 160 clinical specimens from suspected VHF
cases were tested in 2008. There was a sharp decline in
the number of VHF cases investigated from outside of
South Africa compared to 2007, but the number of locally
investigated cases almost doubled for 2008. This
increase was due to local outbreaks of Rift Valley fever
(RVF) during the first quarter of 2008 and a nosocomial
outbreak caused by a novel Old World arenavirus (Lujo)
during September and October 2008. Most VHF
submissions from outside of South Africa in 2007 were
from the 2006-2007 RVF outbreaks in East Africa. The
number of suspected rabies cases investigated
remained roughly the same for 2007 and 2008, and this
was also true for investigations of vaccine-acquired
rabies immunity. A total of 3 418 specimens were
processed as part of surveys during 2007, but more than
double this number (n= 8190) were investigated during
2008. These surveys were linked to the local outbreak of
RVF, but also to RVF serosurveys in other parts of Africa,
and testing of sera for the purpose of validation of in-
house developed enzyme-linked immunoassays.

Table1: Comparison of specimens received by the Special Pathogens Unit in 2007 and 2008

Specimens

Received in 2007

Received in 2008

Diagnostics

Suspected VHF (South Africa)
Suspected VHF (other countries)
VHF contacts

Undiagnosed fevers

Suspected rabies

Rabies immunity

Ticks

Miscellaneous

Sub-total 195
Surveys
Human
Livestock
Wildlife

Grand total specimens 3941

77 (48 patients)

109 (103 patients)
2 (2 persons)

7 (5 patients)

87 (44 patients)

130 (127 persons)
3 (3 accessions)
108 (12 accessions)

55 (3 groups)
2911 (6 accessions)
452 (2 accessions)

138 (68 patients)
10 (9 patients)

7 (7persons)

5 (4 patients)

81 (51 patients)
108 (106 persons)
1 (1 accession)

56 (13 accessions)
406

201 (10 accessions)
7323 (6 accessions)
666 (8 accessions)

8190
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INVESTIGATION OF SUSPECTED VIRAL HAEMOR-
RHAGIC FEVERS

Eleven cases of Crimean-Congo haemorrhagic fever
(CCHF) were laboratory confirmed in South Africa in
2008, compared to only one case confirmed in 2007.
These cases where reported from the Northern Cape
(n=5), the Free State (n=3), Eastern Cape (n=1),
Mpumalanga (n=1) and the North West (n=1)
provinces. The mortality rate for these cases was 18 %
(2/11). Ten of the cases involved males between 32 to
57 years old and seven of them had known tick bite
exposures. The only female case was a 38 year old
pregnant woman from the Free State. She did not have
any known source of exposure but lived on a farm close
to Twee Rivieren in the Free State. She was only
admitted to hospital after 10 days of illness, and at the
time of admission was suffering from hypotension, a
depressed level of consciousness and haemorrhage
from multiple sites. The patient died within 48 hours
after admission. Atypical clinical presentation included
a platelet count of 209 x 109 /I (CCHF patients usually
manifests severe thrombocytopenia) and
rhabdomyolysis. The diagnosis was confirmed by virus
isolation and PCR. Three CCHF cases where
confirmed during the winter months of June-July when
tick activity is thought to be lower. Cases of CCHF have
been reported during the winter months in the past and
their occurrence may be linked to milder winter
conditions in some years which allow for tick activity
and subsequent virus transmission. Since the first
recognition of CCHF in South Africa in 1981, the
majority of cases have been reported from the Northern
Cape and Free State Provinces. During 2008, cases
where also reported from other provinces that do not
frequently report CCHF, i.e. the Mpumalanga and North
West provinces. Fifteen cases of CCHF have been
recorded from the North West Province, with the last

case originating from Mafikeng in 2004. Only five cases
have been reported from Mpumalanga since 1981.
These cases originated from Lydenburg (1985; n=2);
Middelburg (1988 and 1991); Barberton (1990) and
Lothair (1994). Only a single case of CCHF has been
reported to date from the Eastern Cape, Steytlerville in
1988.

A total of 198 cases of CCHF have been diagnosed in
southern Africa from the time that the presence of the
disease was first recognized up until the end of 2008,
including seventeen in Namibia, one from the
Democratic Republic of Congo, one from Tanzania, and
179 cases in South Africa. The largest group of cases,
92/198 (46.5%) arose from known tick bite or the
squashing of ticks; 74/198 (37.3%) resulted from known
or potential contact with fresh blood or other tissues of
livestock and/or ticks; 7/198 (3.7%) nosocomial
infections arose from contact with blood or fomites of
known CCHF patients, while in 25/198 (12.6%) cases
there was no direct evidence of contact with livestock or
ticks, but the patients lived or visited a rural environment
where such contact was possible. Most patients were
employed in the livestock industry, and males constitute
167/198 (84.3%) of all cases of the disease diagnosed.
The case fatality rate fluctuated around 30% in the first
few years when CCHF was initially recognized in South
Africa, but gradually declined to an overall rate of 19.9%
for the period of 1981-1998. The case fatality rate was
57.5% (23/40) for the period of 1999-2007 but declined
to 18.1% in 2008, likely as a result of increased
awareness leading to earlier recognition and institution
of appropriate supportive therapy or infection with less
pathogenic variants of the virus. Although there is no
specific treatment for CCHF, there is some evidence
that ribavirin antiviral drug can improve the prognosis if
administered not later than day 5 after onset of iliness.

Table 2: Laboratory confirmed cases of CCHF in South Africa, 2008

Laboratory results

Patient Age/Sex District/ Month of Source of _ Outcome
Province of exposure infection . Virus PCR I9G/igM  pied/survived
exposure isolation

AS 54/M°? Heilbron, FS° February Tick Positive Positive Positive Survived

MB 32/M Ongeepkans, February Tick Positive Positive Positive Survived
NC

SF 64/M Kimberley, March Tick Positive Positive Positive Survived
NC

PR 37/M Ermelo, MP® June Tick Positive Positive Positive Survived

NT 38/F° Twee June Unknown Positive Positive Positive Died
Rivieren, FS

ES 39/M Adelaide/EC July Tick Positive Positive Positive Died

JS 44/M Calvinia, NC September Sheep Positive Positive Positive Survived

WS 55/M Calvinia, NC October Sheep Positive Positive Positive Survived

GC 37/M Klerksdorp, October Tick Positive Positive Positive Survived
N9

HC 57/M Prieska, NC December  Unknown ND" ND Positive Survived

HCI 45/M Heilbron, FS December Tick Positive Positive Positive Survived

- Male; ° - Female; ° - Free State; ° - Northern Cape; °- Mpumalanga Province; '- Eastern Cape; ° - North West; " - Not done
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OUTBREAK OF RIFT VALLEY FEVER IN SOUTH
AFRICA, 2008

Small, focal outbreaks of RVF in South Africa were
reported during the first half of 2008 from Mpumalanga,
Limpopo, Gauteng and the North West Provinces. A
total of 17 human cases were laboratory confirmed
during the outbreak either by nucleic acid detection and
virus isolation or IgM ELISA. All of these cases were
linked to occupational exposures and included
veterinarians, veterinary students, farmers and farm
workers, and also a staff member from a veterinary
clinical research farm. Eleven of the 17 cases were
confirmed retrospectively using specimens collected
during field epidemiology investigations.

Dr Lucille Blumberg (NICD/NHLS), Dr Marietjie Venter
(Faculty of Health Sciences, University of Pretoria) and
Prof Janusz Paweska (NICD/NHLS) visiting veterinary
students at the Department of Pathology of the Faculty
of Veterinary Medicine, University of Pretoria,
Onderstepoort. Students were involved in the autopsy
of RVF-infected cattle during the 2008 Rift Valley fever
outbreak in South Africa.

Prof Robert Swanepoel (NICD/NHLS) giving a lecture on
epidemiology and control of Rift Valley fever at the Irene
dairy farm, Animal Production Institute of the Agriculture
Research Council near Pretoria, where cattle and farm
workers became infected with Rift Valley fever virus
during the 2008 disease outbreak in South Africa.

Most of the cases suffered from mild febrile illness but 5

of the patients were hospitalized. All patients recovered
without any sequelae. Prior to this outbreak, RVF was
confirmed in 1999 in aborted buffalo in the Kruger
National Park; no human cases were confirmed during
that outbreak. The last reported RVF cases in humansin
South Africa prior to the 2008 outbreak were
approximately 30 years ago, in 1981. Molecular
analysis of RVFV isolates recovered during the 2008
outbreak in South Africa show their close genetic
relation to virus isolates from the 2006-2007 East Africa
outbreaks of the disease (see Figure 1, overleaf).

NOSOCOMIAL OUTBREAK OF A HAEMORRHAGIC
FEVER IN SOUTH AFRICA 2008 CAUSED BY A
NOVEL OLD WORLD ARENAVIRUS

In September and October 2008 the SPU-NICD was
involved in investigation of a nosocomial outbreak of an
undiagnosed haemorrhagic fever which broke out after
medical evacuation of a female travel guide from
Zambia to South Africa. The index patient was airlifted in
critical condition from Lusaka on September 12 to a
hospital in Johannesburg where she died on September
14. Three secondary infections were recognized in a
paramedic (case 2) who attended the index case during
air transfer from Zambia, in a nurse (case 3) who
attended the index case in the intensive care unit, and in
a hospital cleaner (case 4) who cleaned the room where
the index case died. One tertiary case was a nurse
(case 5) who attended case 2 after his transfer from
Zambia on 26 September to the same hospital where
the index case was admitted. The course of the disease
in cases 1 through 4 was fatal; only case 5 who received
ribavirin treatment recovered. When the
epidemiological link between the index case and case 2
was realized, intensive laboratory screening for
evidence of infection with any of the known African VHF
agents was performed at SPU-NICD on blood
specimens from cases 2 and 3, but initially all tests
yielded negative results. However, histopathological
examination of liver and skin samples from case 2 and 3
performed at the Dept. of Anatomical Pathology of the
University of Witwatersrand, demonstrated severe
hepatocyte necrosis and skin vasculitis compatible with
VHF. The first indication that an Old World arenavirus
might be associated with the outbreak followed results
of immunohistochemical testing of liver and skin
samples at the Centers for Disease Control and
Prevention (CDC) in Atlanta, GA, USA (CDC). These
initial findings were confirmed by PCR and virus
isolation by the SPU-NICD, followed by the same
results obtained at CDC. Initial analysis of partial
nucleocapsid sequences at SPU-NICD suggested that
the outbreak was caused but yet unknown African
arenavirus. Clinical specimens from the index case
were not available locally but eventually traced by an
SPU-NICD staff member in Zambia and sent to the CDC
where they tested positive by PCR and virus isolation. In
collaboration with the Colombia University, New York,
USA; CDC, and 454 Life Science Laboratory, Branford,
CT, USA, RNA extracts from serum and tissues of
outbreak victims were subjected to unbiased
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Figure 1: Phylogenetic tree of complete Rift Valley fever virus M segments of historical and recent virus
isolates. Isolates from the South African 2008 outbreak of Rift Valley fever are indicated in bold print.

NICD ANNUAL REPORT
54



SPECIAL PATHOGENS UNIT

pyrosequencing. Full genome sequence and
phylogenetic characterisation confirmed that the
outbreak was caused by a novel OIld World
arenaviruses. The sequencing results were obtained
within 72 hours of sample receipt confirming the utility
of high throughput pyrosequencing for pathogen
discovery and public health. Moreover, successful
international collaboration during this highly fatal
outbreak (fatality rate of 80%) highlighted the
importance of the global VHF diagnostic network for
outbreak response to emerging and dangerous
pathogens. The newly discovered arenavirus was
provisionally named Lujo virus (LUJV) in recognition of
its origin: Lusaka, Zambia and Johannesburg, South
Africa. Itis the first VHF-associated arenavirus from the
Old World discovered in four decades.

A number of South American arenaviruses (Junin,
Machupo, Guanarito and Sabia viruses) and the African
Lassa virus are restricted to BSL-4 containment due to
their aerosol infectivity and rapid onset of disease.
Arenaviruses are transmitted by specific rodent species
in which they establish persistent infection with long
term virus shedding primarily in urine without overt
disease. Humans are most frequently infected through
contact with infected rodent excreta, usually via
inhalation of dust or aerosolized virus-containing
materials or ingestion of contaminated food.
Transmission may also occur by inoculation with
infected body fluids and tissue transplantation. The
African Lassa fever virus which has its reservoir in
rodent species of the Mastomys genus causes an
estimated 500 000 human infections annually in West
African countries. Lassa fever is typically subclinical or
associated with mild febrile disease in humans but
about 20% of cases may develop severe systemic
disease resulting in death in about 5% of patients. Three
other African arenaviruses (Ippy, Mobala and Mopeia)
are not known to be associated with human disease.

Professors Robert Swanepoel and Janusz Paweska
dressed in plastic suits connected to breathing air lines
before entry to BSL-4 containment during the 2008
arenavirus outbreak in South Africa.

Prof Janusz Paweska and Patricia Leman in BSL-4
containment discussing test results in samples taken
from suspected VHF cases during the 2008 arenavirus
outbreak in South Africa.

SPU ARBOVIROLOGY

The number of specimens received for 2008 was
approximately 21 % higher than for 2007, largely due to
a 48 % rise in animal specimen submissions. An
outbreak of dengue in Mali was diagnosed clinically in
several foci of febrile disease associated with gold
mines in the far west of the country; sequencing of the
PCR product in our laboratory identified dengue virus
serotype 2 (DEN-2) as the cause of infection. Apart
from the one viremic case, specific seroconversion was
demonstrated in several patients. One patient tested
positive for IgG antibodies to Ross River and
chikungunya viruses. The well-known serological
cross-reactivity of the flaviviruses was also responsible
for several submissions testing positive for
combinations of WN, DEN and yellow fever (YF) virus in
the HAI, IFAand ELISAassays.

Several pools of Diptera were tested during the RVF
outbreaks in Mpumalanga and Limpopo at the start of
2008, consisting of a small sample of stomoxid biting
flies and over 1600 mosquito specimens representing
30 species, including known vectors of RVF virus:
Aedes (Neomelaniconion) circumluteolus, Ae. (Neo.)
mcintoshi, Culex (Culex) poicilipes and Cx. (Cux.)
theileri. The first two species are considered to be
reservoirs or maintenance vectors while the two Culex
species are considered epidemic vectors of RVF virus.
No RVF virus isolates were made from these samples.
RVF outbreaks are typically only recognised when
humans become infected or when animals start
aborting or dying in significant numbers. These
phenomena often appear late during epidemiological
course of the disease outbreak by which time the vector
populations are on the decline and therefore the chance
of isolating the virus is minimal. The aetiology of the
outbreak was confirmed by detection of RVF virus in
buffalo at Ngwenya, on the southern boundary of the
Kruger National Park, and in the State Veterinarian
conducting autopsies on the animals. Horse sera were
tested for antibodies to West Nile and Wesselsbron
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