Communicable diseases do not rest, at least not for long. Their
causative agents often break out unexpectedly, challenging ef-
forts to control them. Whether virus, bacterium, parasite or vec-
tor, they have remarkable adaptive plasticity. In this issue we
look at outbreaks of viral diseases mild and bitter, the increasing
incidence of multi-drug resistant tuberculosis (MDR-TB) and a
novel method for controlling insecticide resistant malaria vector
mosquitoes in South Africa. In all cases the need for increased
vigilance, improved surveillance, improved diagnostic procedures
and improved control are highlighted, showing that the public

health sector also cannot rest.
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Introduction

Outbreaks of viral haemorrhagic fevers (VHF) are characterised
by case-mortality rates of up to 90%. They occur rarely but have
the potential to cause sizeable epidemics, especially in the
healthcare setting. Increased international travel also increases
Viral
haemorrhagic fevers known to occur in Africa include Ebola,

the possibility of VHFs spreading across borders.

Marburg, Crimean-Congo haemorrhagic fever (CCHF), Rift Valley
fever (RVF), haemorrhagic fever with renal syndrome (caused by
hantaviruses from the family Bunyaviridae), Lassa fever, Lujo
haemorrhagic fever and related arenaviral infections. Only CCHF
and RVF are endemic to South Africa, but occasionally cases of
other VHFs are imported into South Africa through infected
persons seeking treatment in local hospitals." Here we report on

the occurrence of laboratory-confirmed VHF cases in South Africa

in 2011, with a focus on an RVF outbreak during the period 2008
to 2011.

Crimean-Congo haemorrhagic fever

South Africa is endemic for CCHF. Earlier serosurveillance
studies of domestic cattle herds indicated a high prevalence of
the disease, with positivity rates of up to 96%.2 Despite intensive
circulation of the CCHF virus in livestock and wild vertebrates
human cases of the disease in South Africa remain a rare
occurrence, and the prevalence of antibody in rural human

populations is generally low (<1-2%).%

Since 1981, human cases have been confirmed almost annually



at the National Institute for Communicable Diseases (NICD).
Following nearly 30 years of passive surveillance, a total of 187
cases have been laboratory-confirmed. Although cases have been
recorded from all nine of South Africa’s provinces, the semi-arid
regions of the Northern Cape and the Free State are most
afflicted. In the majority of cases infections were likely acquired
from tick bites or the squashing of ticks whilst contact with infected
blood or tissues was also an important source of exposure. There

is a strong link with occupational exposure because the majority of

patients were males (n=151, 83%) employed in the livestock

industry (e.g. farmers, farm workers, slaughtermen).

In 2011, no CCHF cases were confirmed from a total of 36
suspected VHF cases that were investigated. Tick bite fever and
meningococcaemia were the most common diagnoses in these
patients. In total, five CCHF cases were laboratory confirmed in
South Africa during 2010, compared to only three cases in 2009

and eleven cases in 2008 (table 1).

Province
Year GP FS NC WC EC MP LP NW KZN  Number of Number of Number of
cases fatal cases recovered cases
2000 1 3 2 0 1 0 0 1 0 8 5 3
2001 0 1 2 1 0 0 0 1 0 5 2 3
2002 0 1 2 0 0 0 0 0 0 3 1 2
2003 0 0 0 0 0 0 0 0 0 0 0 0
2004 0 1 1 0 0 0 0 2 0 4 2 2
2005 0 0 0 1 0 0 0 0 0 1 1 0
2006 2 2 2 0 0 0 0 0 0 8 4 4
2007 0 0 1 0 0 0 0 0 0 1 0 1
2008 0 3 5 0 1 1 0 1 0 11 2 9
2009 0 1 1 1 0 0 0 0 0 3 1 2
2010 0 3 2 0 0 0 0 0 0 5 1 4
2011 0 0 0 0 0 0 0 0 0 0 0 0

Table 1: Laboratory confirmed Crimean-Congo haemorrhagic fever cases by province by year. No cases were confirmed in 2011. (GP:

Gauteng Province; FS: Free State; NC: Northern Cape; WC: Western Cape; EC: Eastern Cape; MP: Mpumalanga; LP: Limpopo; NW:

North West Province; KZN: KwaZulu-Natal.

Rift Valley fever

Rift Valley fever (RVF) was first reported in South Africa when a
large outbreak occurred during 1950 and 1951.*° Three more out-
breaks with confirmed human cases occurred in South Africa in
1953, between 1974 and 1976, and in 1999.°® Small clustered
outbreaks occurred in South Africa in 2008 and 2009, followed by
a large, widespread outbreak during 2010 and 2011.” Between
2008 and 2011, more than 2 000 specimens from suspected RVF
cases were submitted to the NICD-NHLS for laboratory confirma-

tion.

In 2008, a total of 17 non-fatal human RVF cases were laboratory-
confirmed from the Mpumalanga, Limpopo and Gauteng provinces

where outbreaks in animals had occurred. Additional animal cases

of RVF occurred in the North-West Province, but no human cases
were confirmed from there. Affected persons included cattle farm-
ers, farm workers as well as veterinary staff and students from the
University of Pretoria Veterinary Faculty where autopsies on in-
fected animals were carried out.” Confirmed cases were recorded
in the first half of 2008 only (figure 1). One of the veterinary stu-
dents developed a biphasic illness with late-onset encephalitis, a

complication occasionally noted in RVF patients.

In 2009, outbreaks occurred in KwaZulu-Natal and the Northern
Cape. Seven human cases in total were confirmed (figure 1). Five
of these cases were infected before the onset of winter in KwaZulu
-Natal. The remaining two cases from the Northern Cape were

infected at the start of spring. No fatalities were recorded during



these outbreaks. In 2010, a total of 241 human cases were con-
firmed of which 25 proved fatal. The outbreaks were geographi-
cally linked with outbreaks in animals and occurred mostly cross
the inland plateau of the country, specifically the Free State,
Northern Cape, North-West, Eastern Cape and Western Cape
provinces. The first animal RVF case was confirmed on 12th Feb-
ruary 2010 in the eastern areas of the Free State. The first human
case was confirmed by real-time RT-PCR and virus isolation on
17th February 2010 from the same area. The largest number of
human cases and fatalities were subsequently reported from this
province. The human RVF outbreak peaked in March 2010 when
more than 100 cases were laboratory confirmed. Cases were con-
tinuously recognized up until September, with no cases recorded
in October and November 2010. New cases were laboratory con-
firmed during the period of December 2010 to March 2011 (figure
1). A total of 13 902 animal cases were confirmed during the same
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period with 8 581 deaths. Animal cases consisted mostly of do-
mestic livestock (predominantly sheep but also cattle and goats),
although some game animals (buffalo, sable, nyala etc.) including
exotics (alpaca, llama and Asian buffalo) were also infected (Data
source: Directorate of Veterinary Services, Department of Agricul-

ture, Forestry and Fisheries).

During the first half of 2011, RVF cases continued to be confirmed
from the Free State, Northern Cape, Eastern Cape and Western
Cape provinces, peaking again in March. The largest number of
confirmed human cases was from the Eastern Cape. No human
fatalities were recorded among the 37 confirmed cases during
2011 (figure 1). The outbreak among the human population seems
to have ended in 2011, with the last case confirmed in May of that
year. No new cases have been recorded in 2012 to date. In total,

302 human cases were confirmed from 2008 to 2011.
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Figure 1: Epidemiological characteristics of the 2008 to 2011 Rift Valley fever outbreaks in humans, South Africa.

The number of animal cases, human cases and deaths from the
provinces were directly proportional, suggesting that most humans
were infected through direct contact with infected animals. Indeed,
254 (89%) of the confirmed cases reported a history of contact
with animal tissues or bodily fluids. A total of 242 (83%) cases
reported working in occupations with likely exposure to animals
and their products. All fatal cases occurred in 2010 (case fatality
ratio 10%), whilst the overall case fatality ratio from 2008 to 2011

was 8%.

The 2008 and 2009 outbreaks were caused by viruses from line-
age C of the RVFV phylogenetic tree, whereas the 2010 and 2011

outbreaks were caused by viruses closely related to a Namibian
isolate from 2004 on lineage H.? One isolate from the 2010 out-
break was genetically distinct from other isolates of the same out-
break, and was closely related to the Smithburn neurotropic vac-
cine strain. The patient, a veterinarian from whom this isolate was
obtained, experienced a needle stick injury while vaccinating live-
stock that were likely already infected by wild-type circulating vi-
rus. This isolate is therefore likely a reassortant of the wild-type

and the vaccine RVFV strains.®

Laboratory confirmation of RVF cases requires the use of labora-

tory tests targeting different analytes (antibody, antigen, and nu-



cleic acid). The Centre for Emerging and Zoonotic Diseases
(CEZD - formerly the Special Pathogens Unit), NICD-NHLS, uses
a spectrum of laboratory tests which were developed and vali-
dated in-house over several years.'®"" Isolation of live virus from
clinical specimens requires the use of suckling mice, which is the
most sensitive method available for the isolation of arthropod
borne viruses. Less sensitive tissue culture can also be used as
an alternative because of the degree of viraemia of RVFV in the
host. The isolation of live virus is the gold standard for diagnosis of
a current infection. Nucleic acid techniques used by CEZD during
the outbreaks include a hydrolysis probe-based real-time reverse
transcription polymerase chain reaction (real-time RT-PCR) and a
loop-mediated isothermal amplification (LAMP). Detection of viral
nucleic acid is indicative of a current infection, but does not neces-
sarily indicate the presence of the replicating virus. Nucleic acid
detection methods are very sensitive, but their disadvantages in-
clude possible cross-contamination (i.e. false positives) and reac-
tion inhibition due to inhibitory factors in clinical material (i.e. false

negatives). Detection of antibodies specifically against RVF virus

can be used to indicate current/recent (IgM) or past infections
(IgG). The number of days between onset of symptoms and the
taking of samples post infection from the patient is a determining
factor in which test(s) would yield positive results. This is a conse-
quence of the short viraemia during RVFV infection and the tran-
sient nature of the IgM response. Because the time of infection in
the field cannot specifically be determined, and because of inher-
ent variation in the responses of individuals to infection, it is best
to conduct a battery of tests detecting different analytes for RVF
diagnosis. Ideally clinicians should also submit paired serum sam-
ples, taken during the acute and convalescent phases to show a
four-fold increase in IgG titres for RVF confirmation. Table 2
shows the number of human cases confirmed by different labora-
tory techniques during the 2010 and 2011 outbreak. The largest
proportion of cases was confirmed by both PCR and virus isola-
tion, followed by serology (IgM). Small numbers of cases were
confirmed by other methods or combinations, indicating the impor-

tance of testing multiple analytes.

Assay PCR only PCR +isola- PCR+IgM PCR +lIsola- Isolation + IgM only Isolation
tion tion + IgM IgM only
Number of con-
15 129 4 16 3 106 5

firmed cases

Table 2: Laboratory confirmation of human Rift Valley Fever cases by method, 2010 to 2011.

As a consequence of increased public awareness during the RVF
outbreak, large numbers of specimens were submitted for labora-
tory analysis. Only a small percentage of these proved to be RVF-
positive, but testing of these specimens for other arthropod-borne
viral infections as a part of differential diagnosis revealed, as ex-
pected, exposures to other endemic arboviruses. For example, in
2010 a total of 193 patients were found to have IgM antibodies
against West Nile virus, and 207 patients had IgM antibodies
against Sindbis virus. These data suggest that some patients were
infected with arboviruses transmitted to them during periods of

increased mosquito activity.

Imported VHF cases

No additional cases of viral haemorrhagic fever were confirmed
during 2011. Since RVF and CCHF viruses are the only VHF
agents endemic to South Africa, other cases would most likely
have been imported from neighbouring or other African countries.
For example, until recently, Lassa virus was the only known

arenavirus to cause VHF in humans in Africa. The importation of a

previously unrecognized arenavirus to South Africa following
evacuation of a critically ill patient from Zambia in September 2008
resulted in a dramatic VHF nosocomial outbreak in Johannesburg
with a case fatality rate of 80%. International collaboration during
this outbreak allowed for rapid identification of the novel virus
(provisionally named Lujo virus), thus reassuring the public and
public health authorities that medical research communities have
powerful tools to rapidly detect and respond to the challenges of
unknown pathogens. Nevertheless, the history of the outbreak
shows that cross-border transfers of patients can lead to the unin-
tentional spread of dangerous pathogens with dramatic public

health consequences.™

Conclusion

RVF and CCHF have caused widespread disease in South Africa.
Furthermore, there remains an ongoing risk of importation of VHFs
with a high potential for subsequent local spread. It is therefore
particularly important that healthcare professionals throughout
South Africa maintain a high index of suspicion for suspected VHF



cases, which often do not present with bleeding. Rapid implemen-
tation of infection control measures, including full barrier precau-
tions, is life saving. It is vital that a thorough history is obtained
from all patients, which should include accurate information con-
cerning town and country of origin, as well as details of occupation
and activities in that country. This information, together with a de-
tailed clinical history, will inform subsequent laboratory testing. All

suspected VHF cases require an immediate telephonic notification

to the local Department of Health, and should be reported to the
NICD-NHLS doctor on call (Tel. +27-82-883-9920) prior to sending

specimens.
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Introduction
Wesselsbron virus (WESSV),

also been isolatedin a limited number of mosquito species includ-

an arthropod-borne flavivirus, ing Aedes caballus, A. circumluteolus, A. juppi, A. mcintoshi and

causes abortions in sheep and goats, mortality of newborn lambs
and goat kids, as well as neuropathy and mortality in horses."?
Wesselsbron virus has been identified in a wide range of verte-
brate hosts across Africa. These include cattle, goats, sheep, ger-
bils, wild ruminants, camels, pigs, donkeys and horses from locali-
ties in Angola, Botswana, Cameroon, Central African Republic,
Cote d’lvoire, Kenya, Madagascar, Mozambique, Namibia, Nige-
ria, Senegal, South Africa, Uganda, and Zimbabwe. This virus has

Mansonia uniformis.®> When rainfall patterns result in the inunda-
tion of grasslands and the formation of extensive ephemeral pans,
many of the “floodwater” mosquitoes breed prolifically. Among
these are A. circumiuteolus and A. mcintoshi which are known
vectors of arboviruses such as Rift Valley fever virus
(Bunyaviridae), Middelburg virus (Togaviridae) and Wesselsbron
virus (Flaviviridae).* It is then not surprising that, historically, re-

ported cases of WESS disease have coincided with those of Rift
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Valley fever (RVF), as both causative agents are transmitted by

the same species and share the same biological niche.

This study

Climatic conditions in many parts of South Africa precipitated an
extensive RVF outbreak beginning in 2008 and peaking in April
2010. By September 2010, a reported total of 13 902 animal cases
with 8 581 deaths, and 241 laboratory confirmed human cases
with 25 deaths were recorded.® Specimns from suspected human
RVF cases that were submitted to the Centre for Emerging and
Zoonotic Diseases for laboratory confirmation yielded two cases of
WESS disease. Typically, suspected arbovirus cases are routinely
screened for South Africa’s most common arboviruses. Laboratory
confirmation relies on the submission of blood specimens
(preferably acute and convalescent phase sera) which is then sub-
ject to a battery of tests including virus isolation in cell culture and

in suckling mice, immunofluorescent- and haemagglutination-

inhibition assays, ELISAs, RT-PCR, viral genome sequencing, and
In the two WESSV

cases in question, live virus was isolated from serum specimens

electron microscopy, as each case requires.

from suspected RVF cases, by inoculation into suckling mice
(animal ethics clearance number 107/06). These isolates where
characterized by electron microscopy, PCR and molecular se-
quence analysis. Detailed methodologies are described else-
where.® Case details for the laboratory-confirmed WESSV cases
were obtained telephonically (ethics protocol reference number
M060449, Human Research Ethics Committee, University of the

Witwatersrand).

Wesselsbron virus is morphologically typical of members of the
Flaviviridae, in being 45-55nm in diameter with a tightly-fitting en-
velope (figure 1). RT-PCR and partial sequencing analysis of the
NS5 gene of the isolates confirmed the diagnosis of WESSV infec-

tion (results not shown).

Figure 1: Transmission electron micrograph of Wesselsbron virus particles from cultured isolate, negatively-stained with 0.5% uranyl
acetate and viewed at 80kV on an FEI BioTwin Spirit TEM. Scale bar = 20nm.

Both of the laboratory-confirmed WESSV cases were male sheep
farmers, one from the North West Province and the other from the
Northern Cape. In both cases symptoms included an acute, febrile
illness of 6 to 10 days, with headache, myalgia and arthralgia. The
flu-like illness was cleared with symptomatic treatment and no

sequelae were experienced.

Discussion

The true burden of WESS disease is not understood. Infections
are almost certainly under-reported and under-detected due to the
mildness of human disease associated with WESSV, as well as a
lack of surveillance in animal populations. It is noteworthy that

although WESS disease cases are considered mild and self-
resolving, the two cases reported here were severe enough to

warrant medical consultation.

Since 1955, when the virus was first described’, and excluding the
2 cases reported here, only 29 acute cases have been confirmed
(table 1). All of these involved laboratory workers or field workers
on arbovirus research fieldtrips. Infections were either acquired
from exposure to live virus preparations in the laboratory, from
exposure to infected animals or from mosquitoes — so the risk

factors are similar to those for RVFV.



Locality

Case history

Reference

Wesselsbron, Free State, South Africa

Lake Simbu, Tongaland (now Kosi Bay,
KwaZulu Natal Province, South Africa)

Lake Simbu, Tongaland (now Kosi Bay,
KwaZulu Natal Province, South Africa)

Middelburg, Northern Cape Province, South

Africa

Entebbe, Uganda

Dakar, Senegal
Ndumu, KwaZulu Natal, South Africa

New Haven, United States of America

Ibadan, Nigeria

Pienaars River, Limpopo, South Africa

Bloemfontein, Free State, South Africa

Bangui, Central African Republic

Johannesburg, Gauteng, South Africa

Bangui, Central African Republic

Dakar, Senegal

Bultfontein, Free State, South Africa

Five laboratory workers from veterinary laboratory with
exposure to 1955 WESS outbreak isolates reported ill-
ness. Single isolation and four seroconversions were
noted.

35 year old male mosquito collector during field expedi-
tion in 1955. Virus isolated (strain H177) from blood.

Field worker (no details provided) in 1955. No virus iso-
lated, but seroconversion indicated.

Two field workers in 1957. Both were bitten by mosqui-
toes but one also performed necropsies on sheep. Virus
isolated from one patient and only seroconversion re-
corded in the other.

Laboratory acquired infection in 1959. Infected through
splash in the eye.

Laboratory acquired infection in 1965
Field worker with exposure to mosquitoes in 1966

Laboratory-acquired infection in 1969. Possible aerosol

transmission noted. Live virus isolated from throat swab.

Laboratory-acquired infection in 1972. Patient was ex-
posed to mosquito suspensions prepared for virus isola-
tion and challenge virus used for neutralization assays.

Laboratory field worker exposed to mosquitoes in 1972.

Circumstances of infection not clear - 1974.

Laboratory acquired infection in 1974.

Circumstances of infection not clear - 1976.

9 cases including one laboratory-acquired infection from
1981-1983.

Circumstances of infection not clear - 1983.

Field scientist infected while collecting mosquitoes in
April 1996.

Weiss et al, 1956

Smithburn et al, 1957

Smithburn et al, 1957

Heymann et al, 1958

Weinbren, 1959

Swanepoel, 1989
Swanepoel, 1989
Justines and Shope, 1969

Tomori et al, 1981

Mclntosh, 1980

Mclintosh, 1980

Swanepoel, 1989

Mclintosh, 1980

Swanpoel, 1989

Swanepoel, 1989

Jupp and Kemp, 1998

Table 1: Summary of documented human Wesselsbron disease cases prior to this study.



Both WESSV cases described here involved sheep farmers. Al-
though arboviral diseases, including WESS disease, are typically
not associated with significant human mortality, the associated
morbidity may be substantial. In addition, anthropogenic influences
such as global climate change, which alter vector habitats, are
thought to be the primary driving factor behind the emergence of
arboviral diseases globally. It is therefore important that arboviral
surveillance is maintained and improved. A revealing example is
the reporting of severe encephalitis in two immunocompromised

adults in Europe, caused by Usutu virus disease.® Usutu virus is

References

another African mosquito-borne Flavivirus, but with predominantly
avian hosts. Migratory birds and global warming have combined to
permit the establishment of this virus as a resident pathogen in the
northern hemisphere, where it is causing disease in humans and

extensive mortality in bird populations.®
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Introduction

Rabies is a zoonotic disease caused by infection with the bullet-
shaped lyssaviruses. Globally, the “classic” rabies virus (formerly
referred to as genotype one lyssavirus) cause the vast majority of
animal and human rabies cases. The domestic dog is the principle
vector of rabies virus to humans in those developing countries
where rabies occurs. Although accurate statistics are not avail-
able, a study by the World Health Organization conservatively
estimated that 50 — 70 000 human cases occur per annum.' Ra-
bies is considered the deadliest viral infection known, with a mor-
tality rate of 100%.

In South Africa, rabies has been reported since the 1800s. Inci-
dental introductions during the colonial period were recorded, but
do not appear to have produced sustained transmission cycles.
Rabies in herpestid species, especially the yellow mongoose, was

probably introduced into South Africa roughly 200 hundred years
ago.2 Canine rabies has been introduced on multiple occasions,
probably most significantly during the late 1970s in KwaZulu-
Natal.>* Human cases have been confirmed annually at the Na-
tional Institute for Communicable Diseases since 1983.% In 2011,
six cases of human rabies were laboratory confirmed. These origi-
nated from Limpopo (n=3), KwaZulu-Natal (n=2) and the Eastern

Cape (n=1).

Outbreak of rabies in Limpopo Province

In 2005 a marked increase in confirmed rabies cases in domestic
dogs was recorded from Limpopo, mostly from the northern
Vhembe district. The cases increased from less than ten con-
firmed cases per annum during the period 1994-2004, to 35 cases
in 2005 and 100 cases in 2006.°> A concomitant rise in the number

of cases in black backed jackals and cattle was also noted during



this period. A total of 22 human cases were confirmed in 2006.°
Increased travel between Zimbabwe and South Africa and a dete-
rioration of veterinary resources in Limpopo are implicated as con-
tributory factors to the cause of the outbreak. Molecular sequenc-
ing of rabies virus isolates collected during the outbreak indicates

that the virus was likely introduced into Limpopo from Zimbabwe.®

Initial control efforts in Limpopo did reduce the number of detected
cases, but single cases are still diagnosed every year. Since
2006, a further 11 cases have been laboratory confirmed, all ac-

quired in the Vhembe district.

Spread of rabies in Mpumalanga Province

The Mpumalanga Province borders on Mozambique and Swazi-
land, both of which are reportedly severely afflicted by rabies. Ra-
bies has therefore commonly been associated with the eastern
and southern borders (most significantly the Nkomazi district) of
Mpumalanga, but was under control in the rest of the province. In
2008, a rise in the number of confirmed rabies cases was re-
corded in the interior, spreading northwards. Molecular sequenc-
ing of rabies virus isolates from the outbreak supported the hy-
pothesis of a spread of the disease from the Nkomazi district to
the rest of the provincee. Since 2008, four human cases of rabies
have been laboratory confirmed and a further three suspected
cases noted. Previous human cases from Mpumalanga were diag-
nosed in 1985 and 1986.

Outbreak of rabies in Gauteng Province, 2010-2011

From January 2010 to June 2011, 49 positive rabies cases were

References

confirmed in dogs mainly from the south-western parts of Johan-
nesburg (n=49) and from Pretoria (n=2), both regions previously
considered to be rabies-free. The peak of the outbreak was re-
corded in October 2010, with 15 confirmed animal (primarily dogs)
cases. One human case was confirmed in a 26-month old male
that was scratched by a pet puppy one month prior to onset of the
illness. Molecular sequencing of the G-L intergenic region of ra-
bies virus isolates obtained from dogs and from the 26-month old
male indicated an introduction of rabies from KwaZulu-Natal.” This
outbreak marks the first local spread of rabies in domestic dogs

and the first locally acquired human rabies case in Johannesburg.

Conclusion

Rabies has emerged (or re-emerged) at several localities in South
Africa where it was previously under control. These outbreaks
highlight the importance of continued vigilance for rabies in South
Africa and should encourage sustained efforts at control. Human
rabies cases invariably follow outbreaks of the disease in domestic
dogs. Therefore, control of the disease in dogs, through thorough
and strategic vaccination programs, is the mainstay of rabies pre-

vention in humans.
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Background

Multi-drug resistant tuberculosis (MDR-TB), defined as resistance
to isoniazid and rifampicin, is a significant global health problem.’
South Africa is among the 27 high MDR-TB burden countries (i.e.
countries estimated to have had at least 4000 MDR-TB cases
arising annually and/or at least 10% of newly registered TB cases
with MDR-TB) that collectively account for about 85% of the
world’s cases of MDR-TB.? It has the largest burden of MDR-TB in
Africa, with about 9,070 laboratory-confirmed diagnoses in 2009.°
The escalation of TB cases is largely driven by co-infection with
human immunodeficiency virus (HIV), resulting in an ever increas-
ing pool of TB patients from which MDR-TB cases arise. In Gau-
teng, the smallest and most densely populated province in South
Africa®, the prevalence of MDR-TB between 2001 and 2002 was
1.4% among patients with newly diagnosed and culture-positive
TB, and 5.5% among patients previously treated for TB.° The
number of MDR-TB cases has increased substantially since the
last survey, and is worsened by the HIV epidemic.® The aim of the
study is to describe the epidemiology of MDR-TB in Gauteng prov-
ince, based on available surveillance data captured in the Corpo-
rate Data Warehouse (CDW) of the National Health Laboratory
Service (NHLS) from 2004 to 2010.

Methods

A descriptive analysis of laboratory-based surveillance data, ob-
tained from the Centre for Tuberculosis of the National Institute for
Communicable Diseases (NICD), was performed. All new MDR-
TB patients diagnosed at NHLS laboratories in Gauteng between
2004 and 2010, who attended government health facilities, were

included in the study. For MDR-TB detection, the conventional

drug susceptibility testing (DST) method used was the Mycobacte-
ria Growth Indicator Tube (MGIT) system, BD BACTEC™ MGIT™
960 (Becton Dickinson, Sparks, Md, USA), while with the introduc-
tion of the rapid molecular line probe assay (LPA), some MDR-TB
cases were diagnosed by the GenoType® MTBDRpl/us (Hain Life
science, GMBH, Nehren, Germany) LPA. Data analysis was per-

formed using Excel, Epilnfo and Stata statistical software.

Results

A total of 6437 records of newly diagnosed MDR-TB patients dur-
ing the period 2004 to 2010 were analyzed. The main patient
demographics are given in table 1.

The number of MDR-TB cases increased from 591 in 2004 to
1100 in 2010, with steep increases in 2007 and 2009, as shown in
figure 1.

Over the seven-year period of the analysis, the majority of the
cases by far occurred in the 25-44 years age group, followed by
those within the 45-64 years group. A substantial number of MDR-
TB cases were diagnosed in the less than 5 age group during this

period (figure 2).

Figure 3 shows the distribution of cases by gender, with greater
numbers of males being newly diagnosed with MDR-TB up to
2009.

Geographically, there were more cases in the urban and industri-
alized districts (City of Johannesburg, City of Tshwane and Ekur-

huleni Metro), as shown in figure 4.

Table 1: Gender and age range of newly diagnosed MDR-TB patients, 2004 to 2010.

Variable Number %
Gender*
Male 3419 55
Female 2787 45
Age (years)*
Range 1-88
Mean (SD) 35.9 (x11.4)

*Note: missing values for sex = 231; age = 32
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Discussion

Tuberculosis has socio-economic consequences as reinforced by
this study which shows that the economically active 25-44 years
age group was the most affected by MDR-TB. Furthermore, the
moderate predominance of affected males, who are most likely
breadwinners, will have exerted an adverse effect on the socio-

economic wellbeing of families.

The prevalence and incidence rates of TB, at all ages, are higher
in males than in females, except in childhood, when they are
higher in females. Differences in risk of exposure to infection,
health seeking behaviour, economic consequences and stigma

are some of the associated risk factors.’

In South Africa, there has been a steady increase in the number of
MDR-TB cases since 2004, possibly due to increased case detec-
tion.® Between 2001 and 2002, the national prevalence of MDR-
TB was 1.6% among newly diagnosed TB patients and 6.6%
among those with previously treated TB.° The 2002-2007 drug
resistance survey of new TB cases and previously treated cases
showed slight increases of MDR-TB to 1.8% and 6.7% respec-

tively.'°

References

The densely populated City of Johannesburg, home to MDR-TB
patients (Sizwe hospital), recorded the largest number of MDR-TB
cases in Gauteng. The occurrence of extensively drug-resistant
tuberculosis (XDR-TB) in KwaZulu-Natal very likely induced in-
creased laboratory testing in 2007. Similarly, the roll-out of the
LPA molecular diagnostic method for DST may also have led to an

increase in newly diagnosed MDR-TB cases in 2009.

Conclusion

Case detection of MDR-TB patients in Gauteng is increasing. Be-
cause of the danger of drug resistance amplification due to inap-
propriate treatment of MDR-TB cases with first-line drugs, and the
risk of transmission resulting in primary MDR-TB cases, a study
on MDR-TB treatment uptake following diagnosis is being under-

taken in the province.

Limitations

The laboratory-diagnosed surveillance data do not contain clinical
details of patients, including co-morbidity related to HIV status.
Also, rates were not calculated due to mobility of the patient popu-
lation and unreliable denominator information on population statis-

tics.
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Background

Malaria vector control relies principally on the application of chemi-
cal insecticides." These are applied by indoor house spraying of
residual formulations, as larvicides and as fabric treatments, par-
ticularly bed-nets. Although effective, these control options are
frequently hampered by the development of insecticide resistance

in target vector populations.?

There is a renewed enthusiasm for malaria control in Sub-Saharan
Africa with a view to sequential elimination and eradication.®
Boosting control effectiveness toward elimination requires a
broader strategy that allows for the development and incorporation
of new control tools to complement existing ones. The entomopa-
thogenic fungi Beauveria bassiana and Metarhizium anisopliae are
candidate biocontrol agents that have been shown to be highly
effective against anopheline mosquitoes including malaria vector

species.*®

Metarhizium anisopliae and B. bassiana are pathogenic to a wide
range of insect species.* Upon contact, their conidia are able to
penetrate the cuticle and invade the internal cavity and organs,
usually causing death within ten days of infection.® As disease
vector control agents, their effectiveness depends on spore viabil-
ity and persistence, spore formulation, mode of spore delivery,

and ambient environmental conditions.'®"

African water storage pots (ceramic) have previously been shown

to be an effective method of delivering oil formulated fungus
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spores to malaria vector species because they are attractive sites
for resting mosquitoes under laboratory® and field conditions.™
The aim of this study was to test the possibility of attracting
anophelines, including malaria vector species, to ceramic pots in a
field setting in the Mamfene region of northern Kwazulu-Natal, an
area of seasonal malaria transmission. Malaria control at Mam-
fene is based on seasonal indoor spraying of houses with residual

insecticides.

Methods

Traditional clay pots were procured from a potter in Mamfene. The
pots were made using locally sourced clay and were moulded and
fired using traditional techniques. Six pots were deployed to three
randomly selected households in Mamfene sector 9. In each
household, one pot was placed indoors in close proximity to a bed
where one of the householders slept, and one pot was placed
outdoors in a well shaded area near each house. The pots were
deployed during the rainy summer season from October 2009
through to March 2010. Approximately 250 ml water was placed in
each pot during collection periods to create a cool, humid atmos-

phere.

Mosquitoes were collected early each morning (between 07h00
and 10h00) from each pot over a five day period each month for
the duration of the study. Anophelines found resting in the clay
pots were sorted into species using morphological keys'® and
PCR based methods.'®""



Results

Five anopheline species were collected from inside the clay pots.
These were An. arabiensis, An. merus, An. quadriannulatus, An.
parensis and An. vaneedeni. Of these, An. arabiensis and An.

merus are implicated as vectors of malaria''®

although none from
these collections were found positive for Plasmodium falciparum
sporozoites based on an enzyme linked immunosorbent assay
(ELISA)™. A summary of the collections by household, pot location
(indoor or outdoor), species and gender is given in table 1. Of the
107 specimens collected, An. arabiensis accounted for the bulk

(57.9%) followed by An. parensis (23.4%) and An. merus (14%).

Only single specimens of An. quadriannulatus and An. vaneedeni
were found, and three specimens could not be identified to spe-
cies. Anopheles arabiensis were generally found resting in the
indoor and outdoor pots, whilst An. parensis and An. merus were
almost exclusively indoor and outdoor resting respectively. There
was significant variation between households in terms of the spe-
cies diversity and numbers collected, with household 118 proving
the most productive and household 100 the least productive. In
general, the numbers of anophelines collected in the clay pots
were comparable with previous collection records using exit win-

dow traps in the same area.?*??

Household Anopheles spp. Outdoor Indoor
no. Q
7 arabiensis 4 9 4 10
merus 11 4 - -
parensis - 1 - -
118 arabiensis 4 6 1 19
quadriannulatus - - - 1
parensis - - 3 16
vaneedeni - - - 1
100 arabiensis 3 2 - -
parensis - - 1 4

Table 1: Occurrence and numbers of anopheline mosquitoes found resting in clay pots placed either indoors or outdoors by household,

species and gender in the Mamfene region of northern Kwazulu/Natal.

Discussion

The relatively low number of mosquitoes found resting in the clay
pots at Mamfene during the collection period is a consequence of
the effectiveness of the insecticide based malaria vector control
programme implemented there by the Kwazulu-Natal Department
of Health. Yet even under field conditions where vector control
measures are already in place, clay pots proved to be suitable
resting sites for anophelines, including malaria vector species, that
had escaped intoxication from insecticide deposits on dwelling

walls.

The suitability of the clay pots as resting sites in Mamfene was
most apparent for An. arabiensis, which were found resting in pots
placed indoors and outdoors. This species has been shown to be
less susceptible to vector control based on indoor spraying of re-
sidual insecticide because of its variable host-seeking and resting
behaviour, e.g. feeding on cattle or humans and resting indoors or

outdoors." Fungus treated clay pots therefore offer a means of
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exploiting this behavioural plasticity by placing pots indoors and
outdoors, enabling the delivery of infective spores regardless of
resting preference of target mosquitoes. The deployment of fun-
gus treated clay pots in this way also offers a means of targeting
insecticide resistant mosquitoes. This is an important considera-
tion in the Mamfene region where the An. arabiensis population
has been shown to carry resistance to pyrethroids and DDT.2"?
Entomopathogenic fungi are promising agents for managing insec-
ticide resistance because they are equally virulent against insecti-
cide susceptible and resistant mosquitoes 8 and fungal infection
carries the added benefit of attenuating the expression of insecti-
cide resistance in malaria vector species. 2 We conclude that clay
pots can be used to deliver infective fungal spores to malaria vec-

tor mosquitoes under field conditions in northern Kwazulu-Natal.
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Table 1: Provisional number of laboratory confirmed cases of diseases under surveillance reported to the NICD - South Africa, corre-
sponding periods 1 January - 31 December 2010/2011*

Cumulative
Disease/Organism to31De-  pc Fs GA Kz LP MP NC NwW wc South
cember, Africa
year
Anthrax 2010 0 0 0 0 0 0 0 0 0 0
2011 0 0 0 0 0 0 0 0 0 0
Botulism 2010 0 0 0 0 0 0 0 0 0 0
2011 0 0 0 0 0 0 0 0 0 0
Cryptococcus spp. 2010 1330 457 2099 962 568 703 63 532 490 7204
2011 1236 357 1938 1037 417 597 66 453 498 6599
Haemophilus influenzae, invasive dis- 2010 45 25 167 21 10 16 11 8 92 395
ease, all serotypes 2011 34 25 154 38 4 21 12 8 95 391
Haemophilus influenzae, invasive disease, < 5 years
Serotype b 2010 6 8 27 8 3 8 5 2 15 82
2011 8 5 20 12 1 4 7 3 17 77
Serotypes a,c,d,e,f 2010 0 2 9 0 1 2 0 0 10 24
2011 1 1 12 3 0 0 0 0 5 24
Non-typeable (unencapsulated) 2010 1 1 46 4 0 0 1 1 11 65
2011 2 2 31 6 0 1 0 0 14 56
No isolate available for serotyping 2010 13 4 17 0 2 4 0 1 6 47
2011 6 4 19 1 3 6 1 3 2 47
Measles 2010 1309 674 1617 3837 290 1844 374 758 1796 12499
2011 4 2 36 23 1 2 8 8 8 92
Neisseria meningitidis, invasive disease 2010 31 26 187 22 13 28 20 11 67 405
2011 50 26 134 26 8 18 6 5 52 325
Novel Influenza A virus infections 2010 0 0 0 0 0 0 0 0 0 0
2011 0 0 0 0 0 0 0 0 0 0
Plague 2010 0 0 0 0 0 0 0 0 0 0
2011 0 0 0 0 0 0 0 0 0 0
Rabies 2010 2 0 1 3 3 1 1 0 0 11
2011 2 0 0 1 3 0 0 0 0 6
**Rubella 2010 436 116 389 366 122 188 70 287 361 2335
2011 518 58 750 407 474 429 83 358 191 3268
Salmonella spp. (not typhi), invasive 2010 35 19 312 69 12 16 13 9 64 549
disease 2011 25 22 259 105 4 35 6 9 58 523
Salmonella spp. (not typhi), isolate from 2010 163 42 634 175 14 90 8 30 146 1302
non-sterile site 2011 140 21 503 234 11 62 18 18 240 1247
Salmonella typhi 2010 11 2 29 9 1 10 0 0 13 75
2011 10 2 20 12 1 10 0 1 16 72
Shigella dysenteriae 1 2010 0 0 0 0 0 0 0 0 0 0
2011 0 0 0 0 0 0 0 0 0 0
Shigella spp. (Non Sd1) 2010 282 57 720 144 18 56 36 45 445 1803
2011 215 40 598 164 8 30 35 12 451 1553
Streptococcus pneumoniae, invasive 2010 388 318 1847 426 110 240 106 183 587 4205
disease, all ages 2011 341 230 1612 360 56 192 68 187 563 3609
Streptococcus pneumoniae, invasive 2010 73 51 408 111 16 42 38 33 135 907
disease, < 5 years 2011 52 50 329 72 9 42 22 32 107 715
Vibrio cholerae O1 2010 0 0 1 0 0 0 0 0 0 1
2011 0 0 0 0 1 0 0 0 0 1
Viral Haemorrhagic Fever (VHF)
Crimean Congo Haemorrhagic Fever 2010 0 3 0 0 0 0 2 0 0 5
(CCHF) 2011 0 0 0 0 0 0 0 0 0 0
***Other VHF (not CCHF) 2010 17 124 0 0 0 0 81 9 11 242
2011 17 3 0 0 0 0 3 0 14 37

Footnotes

*Numbers are for cases of all ages unless otherwise specified. Data presented are provisional cases reported to date and are updated from figures reported in previous bulletins.

**Rubella cases are diagnosed from specimens submitted for suspected measles cases

***All cases for 2010 and 2011 were confirmed as Rift Valley Fever

Provinces of South Africa: EC — Eastern Cape, FS — Free State, GA — Gauteng, KZ — KwaZulu-Natal, LP — Limpopo, MP — Mpumalanga, NC — Northern Cape, NW — North West, WC — Western Cape

U = unavailable, 0 = no cases reported
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Table 2: Provisional laboratory indicators for NHLS and NICD, South Africa, corresponding periods 1 January - 31 December
2010/2011*

Cumulative to 31 EC FS GA KZ LP MP NC NW WC So:it:aAf-

Programme and Indicator December 2011

Acute Flaccid Paralysis Surveillance

Footnotes
*Numbers are for all ages unless otherwise specified. Data presented are provisional numbers reported to date and are updated from figures reported in

previous bulletins.
Provinces of South Africa: EC — Eastern Cape, FS — Free State, GA — Gauteng, KZ — KwaZulu-Natal, LP — Limpopo, MP — Mpumalanga, NC — Northern

Cape, NW — North West, WC — Western Cape
U = unavailable, 0 = no cases reported
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