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a  b  s  t  r  a  c  t

Neglected  tropical  diseases  (NTDs)  are  diseases  most  commonly  found  in  settings  of  poverty  and  are
responsible  for the  morbidity  and/or  mortality  of millions  each  year.  As an  upper-middle  income  coun-
try,  Namibia  is not  normally  considered  to  have  many  NTDs  but  published  reports  indicate  the  possible
presence  of  over 30.  Because  much  of  the data  is buried  in  historical  studies  published  before  Inde-
pendence  in  1990,  there  is  a risk  of  losing  valuable  information  on  which  to  build  current  and  future
integrated  public  health  strategies.  The  purpose  of  this  review,  therefore,  is to  bring  together  these  sig-
nificant fragments  to identify  existing  knowledge  gaps  which  need  to  be addressed  to  build  effective
control,  prevention,  and  even  elimination  strategies.  The  review  focuses  on  intestinal  helminthes,  schis-
tosomes/snail  ‘vectors’,  viruses  (Rift  Valley  Fever,  Crimean  Congo  Hemorrhagic  Fever,  rabies),  protozoa
frica
oonoses
istorical
outhern Africa

(Leishmania,  Toxoplasma,  Amoeba,  Giardia),  bacteria  (Rickettsia,  Ehrlichia,  Leptospira,  Coxiella,  Brucella,  and
Borrelia),  fungi  (Pneumocystis) and  myiasis.  Each  NTD  speaks  to the  possible  need  for  surveillance  and
the  creation  of  integrated  disease  risk  maps,  linking  prevalence  of  related  NTDs  with  environmental  and
ecological  factors  to assist  control  and prevention  efforts.  The  predominance  of  zoonotic  disease  suggests
a need  to integrate  veterinary  and  public  health  components  as  the national  public  health  surveillance

system  is  established.

© 2012 Elsevier B.V. All rights reserved.
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. Introduction

Neglected Tropical Diseases (NTDs) are diseases most com-
only found in settings of poverty. The lists differ by organizational

ocus, but each disease is responsible for the morbidity and/or
ortality of millions each year (Hotez and Kamath, 2009). While

mportant in their own right, they often contribute to the disease
urdens caused by the ‘big 3′: malaria, Tuberculosis, and HIV/AIDS
Nacher, 2011; Noblick et al., 2011). Sixty percent of NTDs are
oonoses meaning that animals are reservoirs for the pathogens
nd contribute to the spread to and infection of surrounding human
opulations (Molyneux et al., 2011). Most of these diseases directly

mpact Sub-Saharan Africa (SSA) and considerable effort is being
ade to address their prevention and control (Hotez and Kamath,

009). However, there is not enough epidemiological information
o effectively map  their prevalence or severity (Hotez and Kamath,
009). Such is the case in Namibia, an upper middle income country

n south-western Africa (World Bank, 2012).
Namibia consists of a large land area (823,290 km2) with a rela-

ively small population (2,160,000) (CIA, 2012) living in 13 regions
Fig. 1). This means that NTDs impacting other Sub-Saharan African
ountries with high populations may  not be present due only to
he sparseness of the human population. As 70% of the popula-
ion lives in the northern part of the country (Best Country Maps,
012), NTDs are usually mapped to this hot, humid region which
orders Angola, Zambia, and Botswana (Global Atlas, 2011) (Fig. 1).
his does not mean, however, that they only exist in the northern
egions. Throughout the country, there is a high level of interaction
etween cattle, goats, and sheep with humans both in ‘commu-
al’ areas and commercial and hunting farms making it conducive

or the transmission of many zoonotic pathogens. To date, NTDs
ave not been a priority as the principle focus has been to con-
rol and prevent malaria (n = 18), TB (n = 7), and HIV/AIDS (n = 95)
s is evidenced by the numbers of publications since 1995 (Noden,
011).
The public health history of Namibia is a fascinating study with
 rich history of information locked away in forgotten publica-
ions. Attaining independence in 1990, Namibia has been steadily
uilding its health infrastructure and lines of communication as
 . . . .  . . .  . . . . .  .  .  . .  .  . . . . .  . .  . . . . . . .  .  . . . .  . . .  .  . . .  . . .  .  .  . . . . .  .  .  .  .  .  . . . . . . . . . .  .  . .  .  . 14

regards infectious disease notification. However, before indepen-
dence, Namibia (called ‘South West Africa’) was administered by
South Africa and many infectious diseases studies were published
within a wider southern Africa focus. As such, past studies may  only
briefly refer to Namibia as South West Africa and are easily over-
looked. Through time, these important studies can become lost to
the detriment of public health.

The purpose, then, of this review is to bring together significant
fragments of data to identify existing knowledge gaps which need
to be addressed so that effective control, prevention and even
elimination strategies can be envisioned. As the focus is historic
in nature, this review mainly focuses on pre-Independence publi-
cations involving NTDs in Namibia with reference to more recent
studies, newspaper articles or websites to update what is known.
While effort was  made to locate relevant publications, it cannot
be assumed that every published study was  identified. Also, as
this review only focuses on published records (in press or online),
updated information on one or more of these NTDs may  be known
to the Ministry of Health and Social Services (MoHSS). That said,
however, conversations with those engaged in data management,
epidemiology or laboratory testing have not highlighted the
availability of such updated information. The course of the review
will begin by summarizing what has been published concerning
helminths, moving into protozoa, bacteria, viruses, mycoses and
a few miscellaneous pathogens, ending with a discussion of future
directions.

Neglected tropical diseases in Namibia: Thirty-six NTDs have
been published in Namibia since 1959 (Table 1). It is known that
some NTDs definitely do not occur in Namibia such as Chagas Dis-
ease, guinea-worm, loiasis, onchocerciasis, Japanese encephalitis,
yellow fever (CDC, 2012), paracoccidiomycosis and Buruli ulcer
(Hotez et al., 2007; WHO, 2009). Through the years, however, var-
ious samples have been tested, particularly vector-borne diseases,
with positive or questionable results (Table 2). While the posi-
tive results are highlighted, lymphatic filariasis has never been

identified (Kyronseppa and Goldsmid, 1978) and Human African
Trypanosomiasis (HAT) has not been reported in Namibia for over
10 years (Simarro et al., 2011). Tables 1 and 2 include several sur-
prises with briefly mentioned diseases or information hidden in
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Fig. 1. Concentration of neglected tro

tudies focused on other pathogens. For example, in a study focused
n a hepatitis E outbreak in northern Namibia, Isaäcson et al. (2000)
ested 48 serum samples for 17 vector-borne pathogens. From the
itle and abstract, one would never suspect that testing for other
athogens was included but, through such studies, glimpses are
ained into disease systems which may  be unexplored. That said,
owever, it must be stated that the NTDs in Table 1 should only be
egarded as historical indicators of possible presence in Namibia
ith an imperative to further test the current epidemiological sta-

us of each NTD.

. Helminth NTDs
.1. Soil transmitted nematode infections

Intestinal helminth infections, also called Soil-Transmitted
elminths (STH), dominate the impact of NTDs in Sub-Saharan
iseases in the 13 regions of Namibia.

Africa, accounting for 25–33% of the total burden (Hotez and
Kamath, 2009). Five published studies between 1978 and 1995
(Kyronseppa and Goldsmid, 1978; Schutte and van Deventer, 1987;
Evans and Joubert, 1989; Evans et al., 1990; Schutte et al., 1995)
demonstrate that the major 3 NTD helminths (hookworm, Ascaris
and Trichuris) are present in Namibia (Table 3). Other helminths
include Strongyloides, Hymenolepis, and Enterobius (Table 3). All
5 surveys were based in northern Namibia with 4 focused on
the Kavango and Caprivi regions in the north-east with only
one focused at 3 different hospitals in the north-central regions
(Kyronseppa and Goldsmid, 1978). To date, no studies have been
published on surveys in central or southern Namibia. It is notable
that of the 5 studies, only 2 involved major population surveys

(1700–4174 persons) (Evans and Joubert, 1989; Schutte et al., 1995)
while the remaining 3 involved small sizes (30–370 persons). The
last published helminth survey was carried out between 1987 and
1990 (Schutte et al., 1995) just prior to independence.
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Table 1
Neglected tropical diseases in Namibia with the earliest published record.

Pathogen categories Notable neglected tropical diseases First published source

Protozoan infections Amebiasis Kyronseppa and Goldsmid (1978)
Giardiasis Kyronseppa and Goldsmid (1978)
Balantidiasis Kyronseppa and Goldsmid (1978)
Leishmaniasis (cutaneous) Grove (1978)
Toxoplasmosis Jacobs and Mason (1978)

Helminth infections Schistosomiasis (S. mansoni and S. haematobium)  Geldenhuys et al. (1967)
Taeniasis (bovine cysticercosis) Evans and Joubert (1989)
Soil-transmitted Helminths

Hookworm Kyronseppa and Goldsmid (1978)
Ascaris Schutte and van Deventer (1987)
Trichuria Evans et al. (1990)
Strongyloides Kyronseppa and Goldsmid (1978)
Hymenolepis Kyronseppa and Goldsmid (1978)
Enterobius Kyronseppa and Goldsmid (1978)

Food-borne Trematodiases (Fasciola) Kyronseppa and Goldsmid (1978)
Larva migrans Evans and Joubert (1989)

Viral  infections Arboviral infections
West Nile Joubert et al. (1991)
Chikungunya Joubert et al. (1985b)

Rift  Valley Fever virus Joubert et al. (1985b)
Hemorrhagic fevers

Hantaan virus Joubert et al. (1991)
Ebola virus Joubert et al. (1991)
Crimean-Congo Hemorrhagic Fever virus Joubert et al. (1991)

Rabies Barnard (1979)
Bacterial infections Cholera Smith et al. (2008)

Enteric pathogens (Salmonella, E. coli) Jacobs et al. (1978)
Trachoma Burton and Mabey (2009)
Leptospirosis Wessels et al. (1986)
Borrelia relapsing fever Ordman (1957)
Treponematoses (syphilis) Harms et al. (1998)
Causes of non-malaria febrile illness

Rickettsia Wessels et al. (1986)
Ehrlichia DuPlessis and Malan (1987)
Coxiella Wessels et al. (1986)
Brucella Wessels et al. (1986)

Leprosy Smith (2011)
Fungal infections Pneumocystis jirovecii Nowaseb et al. (2012)

Mycetoma Ide et al. (2009)
Ectoparasitic infections Myiasis Zumpt (1959)

Summary listing by Medicotrivia (What are the Neglected Tropical diseases (NTD)?) (http://medicotrivia.wordpress.com/2010/08/18/what-are-the-neglected-tropical-
d tds.or
n tp://w
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iseases-ntd/),  includes Public Library of Science (PLoS) list (http://www.plosn
eglected diseases/diseases/en/), Centers for Disease Control and Prevention (ht
pi.html)  as well as several Africa-specific NTDs from Hotez and Kamath (2009).

.1.1. Hookworm
Hookworms are one of the most common roundworm infec-

ions, accounting for 33% of total NTD burden in Sub-Saharan Africa
Hotez and Kamath, 2009). In all published helminth studies in
amibia, hookworm has been dominant (Table 3). High infection

ates (55–85%) were found in north-east Namibia while slightly
ower rates were observed in north-central Namibia (10–60%)
Table 3). The main species of hookworm has yet to be confirmed
Kyronseppa and Goldsmid, 1978) and only one study recorded
ubclinical loads in 12 patients (Kyronseppa and Goldsmid, 1978).
he high occurrence of hookworm in north-east Namibia was  iden-
ified in females who daily used the river banks and low lying areas
long the river for household chores while accompanying children
layed, swam,  and fished. The damp conditions and warmth in
ummer assisted in the dissemination of hookworms as well as
trongyloides (Evans and Joubert, 1989).

.1.2. Ascaris lumbricoides
Ascaris or ‘roundworms’ have not historically been common in

amibia with only low infection rates (0.1–0.3%) recorded in three

tudies (Table 3). While mainly focused on the Kavango and Caprivi
egions, these studies involved the most significant numbers tested
total = 12,500 persons). Evans and Joubert (1989),  trying to postu-
ate the absence of Ascaris in Rundu (Kavango region), mentioned
g/static/scope.action), the World Health Organization list (http://www.who.int/
ww.cdc.gov/globalhealth/ntd/diseases/index.html; http://www.cdc.gov/parasites/

that the arid climatic conditions could have influenced the egg sur-
vival and development. However, this hypothesis could not account
for the hot and humid Caprivi region where the infection rates were
also very low.

2.1.3. Trichuris trichiura
Trichuris, also known as ‘whipworm’, is also historically uncom-

mon in Namibia where the infection rates were similar to Ascaris in
4 of the 5 studies involving the north-east regions (Table 3). Inter-
estingly, Evans et al. (1990) reported a Trichuris infection rate of
35% in the Khaudum area (Kavango region). They noted this high
infection rate together with the low prevalence of Ascaris (they
normally co-exist) and hypothesized that this unique condition
could be due to climatic and behavioral factors that exist among
sparse host populations. The relatively isolated small groups of San
in this area of Namibia could preclude the transmission of Ascaris
and keep the delicate Trichuris eggs circulating only within fami-
lies.

2.1.4. Other STH infections

2.1.4.1. Strongyloides. Strongyloides was  identified in 4 of the 5
studies in northern Namibian regions which tend to be humid and
tropical with moist soil (Table 3). While normally not causing symp-
toms, Strongyloides are reported to cause diarrhea and malnutrition

http://medicotrivia.wordpress.com/2010/08/18/what-are-the-neglected-tropical-diseases-ntd/
http://medicotrivia.wordpress.com/2010/08/18/what-are-the-neglected-tropical-diseases-ntd/
http://www.plosntds.org/static/scope.action
http://www.who.int/neglected_diseases/diseases/en/
http://www.who.int/neglected_diseases/diseases/en/
http://www.cdc.gov/globalhealth/ntd/diseases/index.html
http://www.cdc.gov/parasites/npi.html
http://www.cdc.gov/parasites/npi.html
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Table 2
Published test results for specific neglected tropical disease pathogens between 1956 and 2011.

Pathogen Tested Positive result Place (region) Reference

Arbovirus Yellow Fever X Not found Andarai (Caprivi) Muspratt (1956)
Chikungunya virus X X Rundu (Kavango) Katima

Mulilo (Caprivi)
Joubert et al. (1985b, 1991)

Middelburg virus X Not found Rundu (Kavango) Isaäcson et al. (2000)
Wesselsbron virus X Not found Katima Mulilo (Caprivi) Joubert et al. (1991)
Spondweni virus X Not found Rundu (Kavango) Isaäcson et al. (2000)
Germiston virus X X Rundu (Kavango) Joubert et al. (1985b)
Rift  Valley Fever virus X X Rundu (Kavango), Katima

Mulilo (Caprivi)
Joubert et al. (1985b, 1991)

Crimean-Congo
Hemorrhagic Fever virus

X X Katima Mulilo (Caprivi);
Central and Southern Namibia

Joubert et al. (1991), Burt and
Swanepoel (2005)

West Nile virus X X Rundu (Kavango), Katima
Mulilo (Caprivi)

Joubert et al. (1985b, 1991)

Sindbis X X Rundu (Kavango) Joubert et al. (1985b, 1991)
Dengue ?? ?? Not reported Amarasinghe et al. (2011)

Hemorrhagic fevers Hantaan virus X X Katima Mulilo (Caprivi) Joubert et al. (1991)
Ebola virus X X Katima Mulilo (Caprivi) Joubert et al. (1991)
Lassa virus X X Katima Mulilo (Caprivi) Joubert et al. (1991)
Marburg virus X X Katima Mulilo (Caprivi) Joubert et al. (1991)

Bacteria Yersinia pestis (plague) X X (eliminated) Northern Namibia Shangula (1998)
Rickettsia conorii X Not found Rundu (Kavango) Isaäcson et al. (2000)
Borrelia duttoni (Relapsing
fever)

X X Rundu (Kavango) Dreier et al. (1998)

Coxiella burnetii (Q fever) X X Rundu (Kavango) Wessels et al. (1986)
Typhus-group Rickettsia X X Rundu (Kavango) Wessels et al. (1986)
Rickettsia africae ?? ?? No published test result Parola et al. (2005)
Leptospira X X Rundu (Kavango) Wessels et al. (1986)
Brucella X X Rundu (Kavango) Wessels et al. (1986)

Protozoa African trypanosomiasis X Not found Rundu (Kavango) Isaäcson et al. (2000)
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Leishmania (cutaneous) X X
Helminths Lymphatic filaria X N

n SSA although little is known about their distribution (Hotez and
amath, 2009). In Namibia, infection rates of Strongyloides sterco-
alis were as high as 21–26% and as low as 0.6% (Table 3). Evans
t al. (1990) noted the high prevalence of Strongyloides among
he Khaudum population (26%) (Kavango region) as one of highest
ecorded at the time in Southern Africa. Also, Strongyloides fuelle-
orni, a non-human primate nematode, was identified in 8.2% of
avango residents (Kyronseppa and Goldsmid, 1978) as well in the
aprivi region (Schutte et al., 1995).

.1.4.2. Hymenolepis nana. Also known as the ‘dwarf tapeworm’,
ymenolepis nana is common in children (CDC, 2012). Kyronseppa
nd Goldsmid (1978) recorded a 1.8% prevalence in Engela Hospi-

al (Ohangwena region) and 3.3% (n = 61) in Nkurenkuru hospital
Kavango region) (Table 3). Evans and Joubert (1989) also identi-
ed H. nana in 1% of the 4174 patients tested in Rundu hospital
Kavango region), most commonly in pre-school children.

able 3
ntestinal parasites from 5 published surveys in Northern Namibia (1974-1990).

Nematodes Area in
Namibia

Study dates

1974–1976
(Kyronseppa and
Goldsmid, 1978)

198
van
198

Hookworm North-central 10–60%
North-east 74% 55–

Ascaris lumbricoides North-east 0.3
Trichuris trichiura North-east <1% 0.5
Strongyloides stercoralis North-central 10–21%

North-east 7% 

Strongyloides fuelleborni North-east <1% 

Hymenolepis nana North-east 1.8–3.3% 

Taenia saginata North-east <1% 

Enterobius vermicularis North-east <1%
Fasciola gigantica North-central <1%
Karas and Hardap regions Grove (1978)
nd Onandjokwe (Oshikoto) Kyronseppa and Goldsmid

(1978)

2.1.4.3. Enterobius vermicularis. In northern Namibia, E. vermicu-
laris was reported at a low prevalence (<0.1%) (Kyronseppa and
Goldsmid, 1978) but the location was not specified (Table 3).

2.1.4.4. Larval migrans. When the infective larvae of various
species of animal hookworms fail to penetrate the skin of humans,
they can cause a condition called ‘larval migrans’ (CDC, 2012).
In north-east Namibia, Evans and Joubert (1989) reported that
larva migrans was probably due to dog hookworms, Ancyclostoma
braziliense or A. caninum, which were common and mostly likely
due to local dogs defecating in common areas along the river bank.

2.2. Cestode infections (Taenia, Echinococcus)
2.2.1. Taenia saginata
Taenia sp. are a group of tapeworms which infect human through

the eating of raw or undercooked meat containing cysts. The

4 (Schutte and
 Deventer,
7)

1986–1987
(Evans and
Joubert, 1989)

1986–1988
(Evans et al.,
1990)

1987–1990
(Schutte et al.,
1995)

67% 7% 63–85% 7–58%
% absent 0–1%
% Absent 1–35% 0–0.4%

3% 25% 0.6–25.7%
Present

1%
0.9%
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Table 4
Prevalence of Schistosoma sp. in northern Namibia between 1965 and 1990.

Area Hospital/School # tested S. haematobium (%) S. mansoni (%) Source

Eastern and Southern Caprivi 9 villages 491 0.0–10.2 0.0–6.7 Geldenhuys et al. (1967)
3  villages 276 7–47 0–10 Schutte and van Deventer (1987)
Katima Mulilo 90 21.1 1.1 Geldenhuys et al. (1967)

Western and Northern Caprivi (Cuando river) 3 villages 162 0.0–1.3 0.0–86.1 Geldenhuys et al. (1967)
3  villages 206 0.0 82–95 Schutte and van Deventer (1987)
9  villages 8000 0.0 63–96 Schutte et al. (1995)

Kavango – East 7 villages 600 0.0–73.8 0.0–12.5 Geldenhuys et al. (1967)
Kavango – West Nkurenkuru 101 55.4 0.0 Geldenhuys et al. (1967)

Nkurenkuru 61 4.9 6.5 Kyronseppa and Goldsmid (1978)
441 
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North  Central Namibia Engela, Ongwadiva,
Onesi (Ruacana Falls)

Northwest Seisfontein 

apeworms that cause taeniasis (Taenia saginata (cattle), T. solium
pigs) and T. asiatica) are found globally (CDC, 2012). Taenia infec-
ions were noted in the north-eastern regions of the Namibia
Table 3) (Kyronseppa and Goldsmid, 1978; Evans and Joubert,
989). As pigs were rare, these infections were due to T. saginata
hich is transmitted by cattle roaming freely along the river banks

nd around the boreholes in sparsely populated areas (Evans and
oubert, 1989).

Bovine cystercercosis, the larval stage of Taenia saginata which
orms cysts in cattle, was commonly reported in the north-central
egions between 2005 and 2011 (OIE, 2012). Examining records
t one abattoir between 2000 and 2004, Shikongo-Kuvare (2007)
eported an 8% incidence in 40,373 cattle. Incidence between north-
entral regions ranged from 5% (Ohangwena) to 12% (Oshikoto)
etween 2004 and 2005. As records were from managed abat-
oirs, a principle question involves what transmission is possibly
appening via unsupervised meat handling within local communi-
ies. Coupled with the incidence study, a KAP survey indicated that
8–96% of persons surveyed had no knowledge of the disease and
ow it could be controlled (Shikongo-Kuvare, 2007).

.2.2. Echinococcus/Hydatidosis
Although no human cases have been described in Namibia, the

orld Organization for Animal Health (OIE, 2012) reports cases of
ovine echinococcus infection since 2005.

.3. Trematode infections (Schistosoma, Fasciola)

.3.1. Schistosomiasis
Schistosomiasis in Namibia is caused by both Schistosoma man-

oni and S. haematobium (Table 4). Usually found in places with
oor sanitation, human infection occurs via cercariae in fresh-water
odies either by swimming, bathing, washing, or fishing (Hotez and
amath, 2009). Schistosoma mansoni can produce bloody diarrhea
nd ulceritic conditions in the bowel while chronic S. haematobium
nfections can produce bladder wall complications, renal failure,
nd urogenital schistosomiasis which impacts reproductive health
ncluding sexual dysfunction and infertility (Hotez and Kamath,
009).

Schistosomiasis in Namibia, as indicated by WHO  NTD maps
WHO, 2011), has a prevalence less than 10%. However, four his-
orical surveys in northern Namibia reported local infection rates
p to 95% (Table 4). Two additional large surveys (Geldenhuys
t al., 1967; Brown et al., 1992) focused on the ‘vector’ snail ecol-
gy throughout northern Namibia. In general, S. haematobium was
ound in the eastern part of the Caprivi region and S. mansoni was
ighly prevalent in the western Caprivi region (Table 4). As one

oved further west along the Okavango River (Kavango region),

he prominent species became S. haematobium again.
Historically, the ecology of the Schistosoma and their snail hosts

as as follows (Geldenhuys et al., 1967):
0.0 0.0 Geldenhuys et al. (1967)

0.0 0.0 Geldenhuys et al. (1967)

1. In the Caprivi region, Bulinus (Physopsis) sp. were found in the
river in the northern villages while Biomphalaria sp. were found
in the swamps in the south. In the villages in northeastern Caprivi
where Bulinus (Physopsis) sp. was the principle snail species
found in the pools, S. haematobium prevalence was variable with
low to no S. mansoni. In northwest Caprivi region, along the
Kwando River, a high prevalence of S. mansoni was  found in
two  villages where stagnant pools infested with Biomphalaria
sp. were the main supply of water (Table 4).

2. Further to the east along the Okavango River (Kavango region),
the water was  heavily used for pastoral (watering) and domestic
purposes. Those who lived along the river spent a lot of time
in the water, often knee-deep, tending cattle, trapping fish, and
using canoes. It was interesting to note that while Biomphalaria
sp., Bulinus (Bulinus) sp., and Bulinus (Physopsis) sp. snails were
found throughout the whole length of the Okavango River study
area, high S. haematobium and low S. mansoni rates were only
found in those villages in the upper regions (Table 4).

3. In north-central and western Namibia between the Okavango
and Kunene rivers, no schistosomes were detected. Notably, Buli-
nus forskalii (a questionable vector species in southern Africa)
was  found in all permanent waters except in Otavi. In the Kunene
region, Bulinus (Physopsis) sp. was collected below the Ruacana
Falls and along the Kunene River as far as Epupa Falls. It was sig-
nificant to find these snail species in 1967 with a prediction made
that they would spread further into the north-central regions.
This was  confirmed by Uusiku (2009) with a 31% S. haematobium
infection rate in 400 school children in Outapi health district
(Omusati region).

2.3.2. Fasciola gigantica
Fasciola gigantica, a trematode, is a liver fluke which has a

lifecycle involving an intermediate snail host in which the fluke
develops and releases metacercariae into water. People become
infected when eating raw un-washed water plants or vegetables
or eating undercooked sheep or goat livers containing immature
forms of the parasite (CDC, 2012). In Engela (Ohangwena region),
Kyronseppa and Goldsmid (1978) reported F. gigantica eggs in the
stools of three patients (Table 3). These flukes had a cattle reser-
voir and the consumption of unwashed greens by humans was
most likely the source of infection. It also could have happened
via metacercariae in drinking water collected from rain water.
Lymnaea natalensis snails, prevalent in the Kavango and Caprivi
regions, are the intermediate host for this parasite. Notably, this
snail was  reported in the west near Ruacana Falls (Kunene region)
(Geldenhuys et al., 1967) and also in the east (Kavango region)
(Schutte et al., 1995).
3. Protozoan NTDs

Protozoan NTDs have not been significantly focused on in
Namibia since the 1970s possibly due to the priority of reducing
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alaria incidence and controlling anopheline mosquito popula-
ions. As such, there are several ‘unsolved mysteries’ which could
otentially impact local populations given a change in climate, rain-
all, migration patterns, or grazing areas in the next 5–10 years.

.1. Leishmania

Cutaneous leishmania (CL) has been reported in Namibia since
he 1970s (Grove, 1978) and, although no clinical data has been
ublished since 1989 (total incidence rate of 34 cases between 1970
nd 1989), clinical cases involving both canines (OIE, 2012) and
umans continue to be reported. Most of the 1970–1989 CL cases
ere geographically located in the Karas region, specifically clus-

ered on two farms in the Keetmanshoop, Karasburg, and Bethanie
rea. The rest of the reported cases were distributed across the
entral and more northern parts of the country and linked with a
istory of picnicking, camping, or living near hyrax (Procavia capen-
is) colonies.

Isolations of Leishmania sp. were obtained from the nose tips of
0 hyrax (Procavia capensis) as well as sandflies and skin lesions
f infected persons (Grove, 1989). When compared with known
eishmania sp. using serological and biochemical tests, the Namib-
an strains were grouped between L. tropica and L. aethiopica strains
rom Africa (Le Blancq et al., 1986). Not only did Namibia’s CL strains
iffer with the rest of the world, the strains isolated from humans
nd sandflies (Phlebotomus rossi) living in close association with
yrax (Procavia capensis) were identical but differed considerably

rom the closely associated hyrax strains (Chance et al., 1978; Le
lancq et al., 1986).

In addition to the Namibian CL mystery strains, there is spec-
lation concerning the responsible vectors. By the time CL was

dentified in Namibia, nine sandfly species had already been iden-
ified (De Meillon and Hardy, 1953). Plebotomus rossi was thought
o be the primary vector as it was consistently trapped in field
tudies and was the only species in which parasites were isolated.

hen that sandfly isolate was found to differ from the hyrax (Pro-
avia capensis) isolate, the vector status of P. rossi was  questioned.
ielke (1971) postulated P. schwerzi while P. grovei,  a new species
dentified in Namibia in 1971, was also named as a possible vector
Grove, 1989). Like the identity of the parasites, the true vectors
f CL in Namibia remain a mystery. Future studies need to update
he epidemiology, solve the transmission cycle (probably involving
anines), and evaluate the possibility of outbreaks.

.2. HAT (Trypanosomiasis)

While HAT has not been reported in Namibia for over 10 years
Simarro et al., 2011), a complete assessment may  still be warranted
IAEA, 2009; WHO, 2012). When present, van den Bossche et al.
1999) detected a prevalence of 4.5% in 1491 cattle serologically
ested in the eastern Caprivi between 1995 and 1997. The vec-
or, Glossina morsitans centralis, was only found in a limited area
2,900 km2) along the Angola and Zambia borders in north Caprivi
nd along the Kwando and Linyandi rivers on the Botswana border
n southern Caprivi (PATTEC, 2005). Krafsur et al. (2001) deter-

ined that Glossina from the Caprivi were genetically similar to
ies from Botswana, mostly likely due to the collapse of Glossina
opulations caused by the rinderpest epizootic of the late 19th and
arly 20th centuries.

.3. Toxoplasma
To date, only one study has reported a Toxoplasma prevalence
sing Namibian serum samples (Jacobs and Mason, 1978) from
75 !Kung Tsumkwe San in Rundu (Kavango region); 77 Damara
peaking people in the Erongo region and 261 white residents in
a Tropica 125 (2013) 1– 17 7

the Windhoek area (Khomas region). Prevalence rates were 12%
in Windhoek, 27% in Erongo region, and 6% in the Rundu area. The
prevalence in the San was similar to the Windhoek sample, but both
groups were significantly lower than the Erongo region (P < 0.0001).

The low prevalence in Namibia was notable and the authors pos-
tulated that it may  be due to desiccation of the cysts because most
of the central and south of Namibia is dry and arid. Differences
between cultures were also thought to play a role in differences
in prevalence among Namibian groups. The San have been more
nomadic or semi nomadic hunter-gatherers and did not have much
contact with pastoral people. The Damara are pastoral, keeping
large goat herds along with sheep and cattle in north-central
Namibia. As goats are known carriers of Toxoplasma, they may have
played a role in the high prevalence observed in the Erongo region.
Both the San and Damara consume meat so if the meat has not
been cooked properly, it could lead to ingestion of cysts. With the
effects of Toxoplasma on pregnant women  and the large population
of immunocompromised (HIV/AIDS) persons (USAID, 2010), it is a
concern that no follow up study has evaluated the prevalence of
this pathogen since 1978.

3.4. Water-borne protozoa

Only one study has detailed the prevalence of water-borne
protozoa pathogens in a Namibian population, highlighting the
presence of Entamoeba histolytica,  Giardia lamblia, and Balantid-
ium coli.  The population included 501 patients at three hospitals
in north-central Namibia and one hospital in the Kavango region
(Kyronseppa and Goldsmid, 1978). Only low prevalence rates
were recorded for Entamoeba histolytica (Nakayale (1.9%) (Omusati
region) and Engela (4.5%) (Ohangwena region)), Giardia lamblia
(Nakayale (2.9%) and Onandjokwe (6.1%) (Oshikoto region)), and
Balantidium coli (Onandjokwe (0.5%)). No pathogenic protozoan
species were detected in the 61 patients from the Kavango region.
High rates of non-pathogenic Entamoeba coli (35–57%) as well as
low prevalence of Iodamoeba bütschlii (1.9%) and Chilomastix mes-
nili (1.6%) were detected in several sites. From the data, it was clear
that invasive amoebiasis was  present in northern Namibia and liver
abscesses were diagnosed occasionally. Despite a poor water sup-
ply in these areas, the prevalence of E. histolytica and G. lamblia was
quite low.

In 2001, Menge et al. detailed the occurrence of Giardia and Cryp-
tosporidium in the reclamation plant outside of Windhoek (Khomas
region) (Menge et al., 2001). Between 1996 and 1999, Giardia
crossed into the water supply five times, endangering the health of
Windhoek residents. No further studies have since been published.
The only recent article involving Giardia duodenalis reported a 25%
infection rate among wild dogs living in a remote northern region
of Namibia (Ash et al., 2010).

4. Bacterial NTDs

4.1. Undetermined causes of febrile illness

With the reduction of malaria in many African countries, bacte-
rial NTDs are increasingly identified as the cause of undetermined
febrile illness (Jennings et al., 2007; Ndip et al., 2009; Biggs et al.,
2011; Prabhu et al., 2011). Backing up Kamwi (2005),  a small study
in Onandjokwe Lutheran Hospital (Oshikoto region) identified that
60% of febrile patients treated for malaria were actually blood-
smear negative (van Dillen et al., 2007). No other assays were

run to determine the local cause of febrile illness. In a country
where plague was successfully eliminated (Shangula, 1998) and
significant strides are being made towards malaria elimination,
it is imperative to determine the causes of fever in local areas.
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he possible NTDs involved could be Rickettsia (Spotted fever and
yphus groups), Ehrlichia, Borrelia, Leptospira,  Coxiella and Brucella.

.2. Rickettsia

Past studies indicate that Rickettsia sp. could be present in
amibia. Wessels et al. (1986) reported that 59% of San patients

ested in Rundu area (Kavango region) produced low agglutina-
ion to OX-19 (Weil-Felix test). The only published reference to

eil-Felix results indicative of Rickettsia in Namibia, OX-19 agglu-
ination can suggest the presence of typhus group rickettsia (R.
rowazekii, R. typhi) as well as R. rickettsia (Amano et al., 1992).
he low agglutination reported could indicate waning antibodies
fter 10 or more years after exposure or cross-reactivity to some
ther Rickettsia species. The poor sensitivity and specificity of the
eil-Felix underscores the need for further testing (La Scola and

aoult, 1997).
Rickettsia africae is reportedly in Namibia (see Parola et al. (2005)

or map) but the references cited (Jensenius et al., 2003; Méchaï
t al., 2009) are travel studies where the travelers reportedly jour-
eyed through several Southern African countries with no evidence
hat they were bitten by infected ticks in Namibia. More to the point,
elinek and Löscher (2001) described the prevalence of R. africae
nfections in a group of 78 German outpatients, many who  had been
o Southern Africa. While Namibia is not mentioned specifically in
he paper, the German-Namibia tourism link is strong which makes
t likely that the tourists were infected in Namibia. However, to
ate, no publication has clearly demonstrated the presence and/or
ransmission of R. africae in Namibia.

While the published presence of Rickettsia in Namibia needs
onfirming, several signs point to the likely presence of more than
ne species. In addition to R. africae,  Rickettsia conorii and R. aeschli-
annii have been reported in neighboring South Africa (Pretorius

t al., 2004). Also, given the long history of shipping and the ports
n Luderitz and Walvis Bay, it is highly likely that the flea-borne, R.
yphi and R. felis, may  also be present. Rickettsia typhi has already
een recorded in nearby Zimbabwe and South Africa (Matthewman
t al., 1997). With recent West Africa studies describing the preva-
ence of many Rickettsia species in local tick vectors (Mediannikov
t al., 2010a, 2012), it is likely that there may  even be undescribed
pecies. Added to this is the presence of eight known Rickettsia tick
ectors ubiquitously present (Table 6) as well as the cat-flea vector,
tenocephalides felis (Living Namibia, 2003).

.3. Ehrlichia

.3.1. Ehrlichia canis
The dog tick, Rhipicephalus sanguineus is known to be a vec-

or of canine (E. canis) and human (E. chaffeensis and E. ewingii)
hrlichia in both South Africa (Pretorius and Kelly, 1998; Pretorius
t al., 1999) and Cameroon (Ndip et al., 2009, 2010). In Namibia,
ith R. sanguineus being the primary dog tick (Matthee et al., 2010),
oden et al. (2011) demonstrated that 58% of dogs tested in cen-

ral Namibia were seropositive for E. canis with a predominance of
ases coming from the low-income areas of Windhoek. If E. canis is
o prevalent, further testing may  also identify E. chaffeensis and E.
wingii.

.3.2. Ehrlichia ruminantium
Ehrlichia ruminantium is an emerging zoonotic disease in South-

rn Africa after three fatal cases were identified by DNA sequencing
Louw et al., 2005). Ehrlichia sp. was first reported in Namibia in

he mid-1980s when 43 serum samples were taken from cattle
n the farm Omatjenne in the Otjiwarongo district (Otjozondjupa
egion) with an 81% IFA-positive rate (DuPlessis and Malan, 1987).
his was considered odd as this area of Namibia was  reportedly an
a Tropica 125 (2013) 1– 17

Amblyomma hebraeum-free region in Southern Africa. Ticks were
collected and a still undefined ‘Omatjenne agent’ was isolated for
further characterization (DuPlessis, 1990; DuPlessis et al., 1993;
Sumption et al., 2003). Recently, E. ruminantium was  identified in 3%
of ticks obtained from 95 darted buffalo from 6 areas in the Caprivi
region (Pascucci et al., 2011). With previous outbreaks reported in
cattle populations in the Caprivi region, this pathogen should also
be noted for future public health surveillance.

4.4. Borrelia duttoni

Tick-borne relapsing fever (Borrelia duttoni) was  first reported
in Namibia by Ordman (1957) who summarized a 1942 study in
which spirochetes were identified in blood smears of mine work-
ers from the Kavango region as well as Angola. Additionally, 7% of
1787 blood smear samples taken between 1952 and 1955 in Ondan-
gwa (Oshikoto Region) were positive. Dreier et al. (1998) picked
up the trail between 1986 and 1988 in Rundu (Kavango region)
reporting yearly incidence of 45 cases per 10,000 persons using
hospital records of 424 bloodfilm positive cases with eight fatal
cases between 1980 and 1988. 75% of the patients were under 12
years old and 55% were female. This bacterial NTD is still diagnosed
occasionally by personnel at the Namibia Institute of Pathology.

The soft-tick vector, Ornithodorus moubata (Table 6), was
reported to occur widely in north-central Namibia in the floors
of compound huts and in kraals (Ordman, 1957). In 1998, Dreier
et al. reported a 2% Borrelia duttoni infection rate in100 O. moubata
obtained from the sand floors of the mud  houses at the sleep-
ing or sitting sites in the Rundu area (Kavango region) (Dreier
et al., 1998). The ubiquitous presence of these ticks in the Kavango
region prompted Joubert et al. (1985a) to even hypothesize that
O. moubata ticks were involved in the transmission of Hepatitis B
virus.

4.5. Leptospira

Leptospira is a zoonotic bacteria spread through the urine of
infected animals (cattle, pigs, dogs, wild animals), mainly rodents
(CDC, 2012). In 2005, leptospirosis was  suspected in animals but
was not confirmed (OIE, 2012). Only Wessels et al. (1986) published
a 3% seroprevelence among 190 persons tested in the Rundu area
(Kavango region).

4.6. Coxiella

Coxiella burnetii, the bacteria causing Q fever, is a zoonoses
involving cattle, sheep and goats as the primary reservoirs of infec-
tions. Coxiella in Namibia has been mentioned 3 times. In 1986,
Wessels et al. reported an IgM IFA seroprevelence of 2% and a pos-
itive complement fixation titre of ≥1:160 in 3% of samples from
Rundu (Kavango region). Dupont et al. (1995) hypothesized a sig-
nificant correlation in Namibia between prevalence of C. burnetii
antibodies and the high stock-breeding index, but, this hypothe-
sis remains untested. Recently, the World Organization of Animal
Health website (OIE, 2012) reported several suspected Q fever ani-
mal  cases during 2009 and 2010 but no confirmation was made.
Notably, five tick known reservoir/carriers of Coxiella are also
present in Namibia (Table 6) but, to date, the Coxiella situation is
unknown.

4.7. Brucella
Brucella is the causative agent for Brucellosis, another zoonotic
infectious disease passed from animals (sheep, goats, cattle,
antelopes, dogs) to humans when they contact an infected animal
or consume animal products such as milk, dairy products or meat
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hich is contaminated (CDC, 2012). There have been several pub-
ished reports of Brucella in Namibia. Wessels et al. (1986) reported
ne positive antibody test in 190 samples from Rundu (Kavango
egion). Twenty-six human cases were documented between 1998
nd 2003 (OIE, 2012). Since 2005, 24 cases of Brucella abortus and 27
ases of Brucella melitensis have been reported in Namibian animal
opulations (OIE, 2012). In 2009, Magwedere et al. reported a sero-
revelence of 2.2% for Brucella melitensis among slaughterhouse
nd cutting plant workers at an unspecified small ruminant (sheep
nd goat) and game (springbok) export abattoir (Magwedere et al.,
009). Finally, Amuthenu and Gummow (2009) reported Brucella
ntibodies were found in 3 of the 7 northern Namibian regions with
revalence between 1.3% and 2.6%. Although still not considered an
merging zoonotic, it would be interesting to investigate whether
rucella canis is impacting the immunocompromised populations

n Namibia (Lucero et al., 2010).

.8. Bartonella

No study has evaluated whether Bartonella is present in Namibia
nd how it may  be impacting HIV-infected persons as in other
frican countries (Frean et al., 2002).

.9. Other bacterial NTDs

In addition to vector-borne species, trachoma, leprosy, syphilis
nd enteric bacteria have also been reported.

.9.1. Trachoma
Reportedly ‘endemic’ in Namibia (see maps in Burton and Mabey

2009) and Hu et al. (2010)), no epidemiological study has been
ublished or data been made publicly available (Polack et al., 2005)
rom which to know the extent of the problem.

.9.2. Mycobacterial infections
Leprosy: In the 1980s, Namibia attained ‘leprosy elimination’

tatus (less than 1 case/10,000 inhabitants) (Namibia Sun, 2012),
ut the disease has been reported again in the local media. Lep-
osy cases increased between 2007 and 2009 so by 2010, 42 cases
ere reported in 8 of the 13 regions (Namibia Sun, 2012). At the

ime of writing, local papers reported between 58 (Kavango and
aprivi regions) (Smith, 2011) and 85 persons still struggling with
he disease (Haufiku, 2012). The leprosy situation in Namibia, while
eemingly well contained, needs clarification. Bovine tuberculosis
as last identified in Namibia in 2006 (OIE, 2012) with no quanti-

ative data and no reported human cases.

.9.3. Cholera
Namibia experienced sporadic outbreaks of cholera between

006 and 2008, mainly during periods of flooding. In 2006 and 2007,
he principal outbreak area was Omusati and Kunene regions (more
han 250 cases) (Weiklich, 2007). Another outbreak between March
nd May  2008 centered mainly in the Ohangwena, Oshana, and
unene regions (1600 suspected cases/34 deaths) (Shivute, 2008).

 third small outbreak occurred in Kunene region in December
008 involving 29 cases (3 deaths) (Maletsky, 2009). Almost 1900
uspected cases and less than 40 deaths resulted in only one pub-
ication focused on the characterization of cholera isolates in the
006/2007 outbreak (Smith et al., 2008).

.9.4. Enteric pathogens (Salmonella, E. coli)
Exports of fish and meat are a main source of foreign income
or Namibia. One case of bacterial contamination could erode
onfidence in Namibian products. With a zero-tolerance policy,
onitoring is an important component of the food industry.
ighlighting this, Mungeyi and Msiska (2009) published on the
a Tropica 125 (2013) 1– 17 9

process used to ensure that hake exports are free of E. coli and
Salmonella.

Evaluation of human Salmonella has occurred via two  studies.
In 1978, Jacobs et al. summarized 6 isolated cases of Salmonella
paratyphi C variant East Africa isolated from northern Namibian
patients (Oshakati (Oshana region), Nkurenkuru, Tondoro, Rundu
(Kavango regions)) (Jacobs et al., 1978). Two patients had enteric
fever while the other four were asymptomatic, with 3 having uri-
nary tract infections. Schrire et al. (1987) followed up by comparing
Salmonella isolates from Namibia with other Southern Africa iso-
lates, reporting that 6% were subspecies II which is not normally
linked to human infections. Sixteen cases of human Salmonella
reported in 2009 (OIE, 2012) indicate a possible lack of understand-
ing of hygienic meat handling practices in local communities.

4.9.5. Treponematoses (syphilis)
While published results are few, Namibia has done well to

ensure that all pregnant women  are screened for syphilis. The
national syphilis prevalence (via RPR test) among women ranged
between 0.0% and 17.9% (MoHSS, 2008). The only publication
reporting syphilis prevalence rates (6%) involved 97 patients from
Engela District Hospital (Ohangwena region) (Harms et al., 1998).

5. Viral infections (Arboviruses, rabies)

Arboviral infections and rabies have dominated the viral infec-
tion publications out of Namibia in the past 30 years. While focused
mainly on Rift Valley Fever and Crimean-Congo Hemorrhagic Fever,
seroprevalence studies have demonstrated antibodies to other
arboviruses as well (Table 2) including West Nile, Chikungunya,
and, possibly, Dengue. Rabies has historically been a concern with
relatively constant human cases reported since 1998 (OIE, 2012).

5.1. Mosquito-borne virus

5.1.1. Rift Valley Fever virus
The first published reference to Rift Valley Fever virus (RVFV) in

Namibia was in 1985 which affected cattle, sheep and goats with no
record of human cases (OIE, 2012). Following this, low prevalence
rates were published from small cohort studies in the Kavango
(2%) (Joubert et al., 1985b)  and Caprivi (4%) regions (Joubert et al.,
1991). After 25 years, Rift Valley Fever virus returned again in
May/June 2010, affecting farms in the Hardap (n = 6) and Karas
(n = 3) regions (Kisting, 2010a).  By July 2010, RVFV had moved
north to an Omaruru farm in the Erongo region. In total, 80 sheep
and goats became ill with 38 deaths (OIE, 2012). Three farmers
were suspected to have contracted the virus by September 2010
(Kisting, 2010b). By April to June 2011, RVFV had jumped to the
northern region of Oshikoto where it affected 73 goats, killing 31
(OIE, 2012). By June 2011 (Kisting, 2011), The Namibian newspaper
reported that two Erongo farmers had RVFV infections – con-
firmed in South Africa. While recent RVFV outbreaks have only been
reported through contact with sick animals, the presence of known
mosquito vectors (Culex, Aedes, Anopheles,  and Mansonia)  (Table 5)
together with the large populations of sheep, goats, and cattle in
the flood-prone northern regions amplifies the outbreak potential.
The impact of a future outbreak could have substantial effects on
the agriculture (meat exportation) and tourism economic sectors.
A vigorous epidemiological/entomological analysis is imperative to
evaluate the parameters of this new outbreak and revise strategies
for control and prevention.
5.1.2. Other mosquito-borne arboviruses
Other mosquito borne arboviruses such as Chikungunya, West

Nile, Sindbis and Germiston have been serologically identified in
small cohorts of Namibian patients in Kavango (Joubert et al.,
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Table 5
Mosquito vector species of Namibia (Living Namibia, 2003), their published collection locations and reported human pathogens transmitted in Namibia and other Sub-Saharan African countries.

AEDES Published collection locations in Namibia (North to South regions) Human pathogens transmitted by particular species in SSA countries

Aedes aegypti Kunene region: Fransfontein (Muspratt, 1956)
Oshikoto region: Tsumeb (De Meillon, 1943; Muspratt, 1956)
Otjozondjupa region: Otjiwarongo, Grootfontein (Muspratt, 1956)
Erongo region: Okombahe, Usakos, Karibib (Muspratt, 1956)
Khomas region: Windhoek (De Meillon, 1943; Muspratt, 1956)

Chikungunya, Dengue (Weaver and Reisen, 2010)

Aedes  caballus Theobald 1912 Not reported Rift Valley Fever virus (RVFV), West Nile virus (WNV) (Mcintosh, 1973)
Aedes  circumluteolus Theobald 1908 Not reported RVFV (Sang et al., 2010); WNV
Aedes  fowleri D’Emmerez de Charmoy

1908
The North Central regions (Edwards, 1941)
Erongo region: Okombahe (Muspratt, 1956)

RVFV (Turell, 1989)

Aedes  fulgens Edwards 1917 Not reported Chikungunya (Jupp et al., 1981)
Aedes  lineatopennis Ludlow 1905 Not reported RVFV (Linthicum et al., 1985)
Aedes  luteocephalus Newstead Not reported Chikungunya, yellow fever (Diallo et al., 1999), dengue 2 (WRSU, 2011)
Aedes  metallicus Edwards Kunene region: Fransfontein, Outjo (Muspratt, 1956)

Otjozondjupa region: Otjiwarongo, Grootfontein, Okahandja (Muspratt, 1956)
Erongo region: Omatjette, Okombahe, Usakos, Karibib (Muspratt, 1956)
Khomas region: Windhoek (Muspratt, 1956)

Yellow fever (Muspratt, 1956)

Aedes  ochraceus Theobald 1901 Not reported RVFV (Ba et al., 2006)
Aedes simpsoni Theobald 1910 Not reported Yellow fever (Trpis et al., 1971)
Aedes  taylori Edwards 1936 Erongo region: Okombahe (Muspratt, 1956) Yellow fever, dengue 2, Chikungunya (WRSU, 2011)
Aedes  vittatus Bogot Kunene region: Outjo (Muspratt, 1956)

Otjozondjupa region: Okahandja (Muspratt, 1956)
Erongo region: Omatjette, Okombahe, Omaruru, Usakos, Karibib, Otjimbingwe (Muspratt,
1956)
Khomas region: Windhoek (Muspratt, 1956)

Yellow fever, Dengue (Guindo-Coulibaly et al., 2010)

Anopheles
Anopheles arabiensis (reported

originally as Anopheles gambiae s.l.
Patton 1905 but most likely An.
arabiensis)

Kunene region: Fransfontein, Outjo, Ohopuho (De Meillon, 1951)
Oshana region: Ondangwa (De Meillon, 1951)
Otjozondjupa region: Otjiwarongo, Waterberg Reserve, Otavi, Ovitoto, Grootfontein, Otjituo
Reserve, Maria Bronn, Kanovlei, Okahandja (De Meillon, 1951)
Oshikoto region: Tsumeb, Namutoni (Etosha) (De Meillon, 1951)
Ohangwena region: Oshikango (De Meillon, 1951)
Okavango region: Rundu and at many points along the Okavango River (De Meillon, 1951)
Erongo region: Swakopmund, Omatjette, Okombahe, Otjimbingwe, Omaruru, Usakos, Karibib
(De Meillon, 1951)
Omaheke region: Gobabis, Aminuis Reserve, Epukiro Reserve, Farm Harnas (Gobabis), Khomas
region: Windhoek (De Meillon, 1951)
Not found south of latitude 23 South. (De Meillon, 1951)

Principal malaria vector in Namibia (Kamwi, 2005; Ntomwa et al.,
2006)

Anopheles  cinereus Theobald 1901 Khomas region: Windhoek - probably more widely distributed (De Meillon, 1951) RVFV (Moutailler et al., 2009)
Anopheles coustani Laveran 1910 Oshana region: Ondangwa; 58 miles (93 km)  Namutoni-Ondangwa road – confined to the

north (De Meillon, 1951)
Otjozondjupa region: Otjiwarongo (De Meillon, 1951)
Okavango region: Musese (De Meillon, 1951)

RVFV (Ratovonjato et al., 2011)
Secondary malaria vector (Taye et al., 2006)

Anopheles demeilloni Evans 1933 Khomas region: Windhoek - probably more widely distributed (De Meillon, 1951) Secondary malaria vector (Taye et al., 2006)
Anopheles funestus Giles 1910 Okavango region: Musese and along the Okavango river (De Meillon, 1951)

Ohangwena Region: Oshikango (De Meillon, 1951)
Main malaria vector in Namibia (Kamwi, 2005; Ntomwa et al., 2006)
O’Nyong-Nyong fever virus (Lutwama et al., 1999)
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Table 5 (Continued)

AEDES Published collection locations in Namibia (North to South regions) Human pathogens transmitted by particular species in SSA countries

Anopheles marshallii (Theobald 1903) Otjozondjupa region: Grootfontein – widespread (De Meillon, 1951) Secondary malaria vector (Antonio-Nkondjio et al., 2006)

Anopheles nili (Theobald 1904) Caprivi region: Andara
Only along the Okavango and Kunene rivers (De Meillon, 1951)

Possible secondary malaria vector (Gillies and De Meillon, 1968; Taye
et  al., 2006). Not important in presence of An gambiae and An funestus

Anopheles pharoensis Theobald Okavango region: Musese – restricted to the extreme north of the Namibia (De Meillon, 1951) Secondary vector of malaria (Gillies, 1964; Gillies and De Meillon,
1968; Taye et al., 2006; Antonio-Nkondjio et al., 2006; WRBU,  2011)

Anopheles pretoriensis (Theobald
1903)

Otjozondjupa region: Grootfontein
Kunene region: Outjo, Ohopuho-Tshimhaka road at several points, Seisfontein, Fransfontein
Erongo region: Brandberg
Khomas region: Windhoek
Karas region: Warmbad (De Meillon, 1951)

Possible secondary malaria vector (South Africa) (Swellengrebel et al.,
1931) – hardly significant because of lack of contact with man

Anopheles  rufipes (Gough 1910) Otjozondjupa region: Tsumeb, Grootfontein, Maria Bronn, Okavango region: Nyangana
widespread (De Meillon, 1951)

Possible secondary malaria vector (Gelfand, 1947)

Anopheles squamosus Theobald 1901 Oshikoto region: Namutoni (Etosha) (De Meillon, 1951)
Okavango region: Rundu and generally along the Okavango, (De Meillon, 1951)
Otjozondjupa region: Kanovlei, Otjituo Reserve, Waterberg Reserve (De Meillon, 1951)
Oshana region: Ondangwa (De Meillon, 1951)
Ohangwena region: Oshikango (De Meillon, 1951)
Kunene region: Ugab-Fransfontein Road (De Meillon, 1951)
widespread (De Meillon, 1951)

RVFV (Ratovonjato et al., 2011) Secondary malaria vector (Gillies,
1964)

Anopheles wellcomei Theobald 1904 Not reported Secondary malaria vector (Antonio-Nkondjio et al., 2006)
Anopheles ziemanni Grünberg 1902 Okavango River (De Meillon, 1951) Secondary malaria vector (Antonio-Nkondjio et al., 2006)

Culex
Culex  antennatus Becker 1903 Not reported WNV, RVFV (WRBU, 2011)
Culex  decens Theobald 1901 Not reported Moussa virus (Quan et al., 2010)
Culex  duttoni Theobald 1901 Erongo region: Omaruru (De Meillon and Hardy, 1953). Wesselbron virus (Grard et al., 2010)
Culex ethiopicus Edwards 1912 –

Culex bitaeniorhynchus
Not reported Chikungunya (Diallo et al., 1999)

Culex pipiens Linnaeus Erongo region: Usakos, Swakopmund and Walvis Bay (De Meillon and Hardy, 1953). WNV  (Weaver and Reisen, 2010), RVFV (Turell et al., 2008)
Culex  poicilipes Theobald 1903 Not reported WNV  (Diallo et al., 2000); RVFV (Sang et al., 2010)
Culex  quinquefasciatus Say Khomas region: Windhoek (Noden and Musuuo, unpublished data) WNV  (Weaver and Reisen, 2010); RVFV (Sang et al., 2010)
Culex  univittatus Theobald 1901 Otjozondjupa region: Okahandja (Edwards, 1941); widely distributed in Northern Namibia

(De Meillon and Hardy, 1953).
WNV (WRBU, 2011); RVFV (Sang et al., 2010)

Mansonia
Mansonia africana Theobald 1901 Not reported RVFV (Sang et al., 2010)
Mansonia uniformis Theobald 1901 Not reported RVFV (Sang et al., 2010)
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presented a case of a Namibian living in Japan who  was infested
when visiting a hunting farm close to the Etosha National Park.
Upon return to Japan, he was diagnosed (PCR) with 19 Tumbu
2 B.H. Noden, B.E. van der Co

985a,b) and Caprivi (Joubert et al., 1991) (Table 2). Exposure to
est Nile was highest in the Caprivi with a prevalence of 29%
hich increased from 13% in 1983–a dramatic increase in one year

Joubert et al., 1991). This is most likely due to an outbreak passing
hrough Southern Africa in the early 1980s (Jupp, 2001; Weaver
nd Reisen, 2010). Chikungunya, with very low evidence of expo-
ure (<0.1%) (Joubert et al., 1985b, 1991), also occurred in Southern
frica since the mid-1950s (Weaver and Reisen, 2010) so it is likely

hat persons in Caprivi and Kavango regions were exposed during
 regional epidemic. Interestingly, dengue virus has not been his-
orically identified in Namibia but a recent review (Amarasinghe
t al., 2011), including a map, reported that dengue was identified
n travellers to Namibia between 1999 and 2002 as well as 2006,
iting reports on the TropNet Europ Network (www.tropnet.net)
nd ProMED mail (www.promedmail.org). Attempts were made
o verify but the authors were only able to find one paper citing
he aforementioned references (Wichmann et al., 2003). Much like
he Rickettsia africae cited earlier, this dengue reference appears
o be another traveller-related report without local confirma-
ion. More effort needs to be made to determine whether these
raveller reports have any credibility within local populations. Cur-
ently, while arboviruses do not seem to be much of a threat, the
resence of known mosquito vectors, especially A. aegypti,  through-
ut Namibia (Table 5) increases the outbreak potential of any
osquito-borne virus which may  come across the border or enter

ia an infectious traveller.

.2. Tick-borne viruses: Crimean-Congo Hemorrhagic Fever virus
CCHRV)

One of the unsolved mysteries of Namibia, CCHFV was  first
eported in Namibia in 1986. Between 1986 and 2006, HPA (2010)
eported 15 ‘outbreaks’ in various locations. Even before an out-
reak occurred, Joubert et al. (1991) reported one sero-positive
ample from 621 patients in Caprivi region in 1984. To date, six
IH GenBank codes for samples described by Burt and Swanepoel

2005) provide the only published records of its existence and
pidemiology in Namibia. The infections mainly occurred in the
astern half of the country – one in Grootfontein (Otjozondjupa
egion), two in Windhoek (Khomas region), two in Gobabis (Oma-
eke region) and one in Karasburg (Karas region). Three of the cases
ccurred in 1986, 1 in 1998, and 2 in 2001. Four of the 6 cases came
rom known tick bites with a 50% survival rate (Burt and Swanepoel,
005).

Occurrences of CCHFV in Namibia occur on a regular basis (‘once
very 5 years’ (ProMED, 2001). One particular case in 2001 involved

 well-known farmer from a game farm near Gobabis (Omaheke
egion) which rehabilitates wild cats who died of CCHFV through a
ick bite while transporting cattle to his guest lodge. Another case
as diagnosed in January 2002 when a man  from Katatura, the low-

ncome area of Windhoek, the capital, had become infected in the
angetti area (Kavango region) (ProMED, 2002).
In 2010, after an 8 year hiatus, three human cases of CCHFV cases

ccurred in the Karas region (OIE, 2012). The principle case was a
attle and sheep farmer from an area close to the South African
order. When he wasn’t improving, the farmer and his wife went

mmediately across the border for treatment at a private hospital
n Upington, South Africa. While CCHFV is a notifiable infection in
amibia, the fact that this farmer went into South Africa with an
ctive infection prompts questions about what would happen if a
ull-blown outbreak would have occurred. From what was  reported
n The Namibian (2010),  these infections were due primarily to

andling dead carcasses and not due to tick bites.

The low human/high animal density in areas where CCHFV has
een contracted by humans may  lower the priority to address
his pathogen in Namibia. However, the presence of 3 known
a Tropica 125 (2013) 1– 17

vectors (Table 6), principally Hyalomma marginatum rufipes,  as
well as the repetitive cycle already mentioned (every 5 years),
suggests the feasibility of creating disease risk maps involving
tick species distribution, case detection in animals and humans,
and environmental parameters to better understand the transmis-
sion dynamics, reservoirs of infection during the non-transmission
periods, and potential for climate-induced outbreaks.

5.3. Hemorrhagic fever viruses

Two studies evaluated hemorrhagic fever virus exposure using
serology in Rundu (Kavango) (n = 48) (Isaäcson et al., 2000) and
Katima Mulilo (Caprivi) (n = 621) (Joubert et al., 1991). Only Joubert
et al. (1991) reported prevalence for Hantaan (2.6%), Ebola (2.2%),
Lassa (0.8%), and Marburg (0.3%) viruses. The cross-border trans-
mission potential for any of these viruses must be suspected. There
have been no published reports since the mid-1980s.

5.4. Rabies

Rabies continues to be a significant zoonotic problem in Namibia
(OIE, 2012). A variety of studies have reported rabies in animal
populations (Barnard, 1979; Laurenson et al., 1997a,b; Courtin et al.,
2000) with several focusing on the unique transmission cycles
involving kudu (Tragelaphus strepsiceros) (Barnard and Hassel,
1981; Hubschle, 1998; Mansfield et al., 2006). The only reports
of human cases (OIE, 2012) have varied between 5 and 26 cases
(average of 17 cases per year) between 1998 and 2010 with
high mortality rates. As Namibia has already demonstrated how
community-based participation can assist in the elimination of
plague (Shangula, 1998), priority needs to be given to educate and
prevent in communities where rabies is a problem.

6. Fungal infections

Fungal infections, in general, are not well studied in SSA
(Hodgson and Rachanis, 2002; Morris et al., 2004) and Namibia is
no exception. Three studies since 2009 indicate that fungal infec-
tions are present. Ide et al. (2009) gave an account of a Namibian
diagnosed with mycetoma in Belgium, 30 years after falling into an
acacia tree as a teenager in northern Namibia. Zaigraykina et al.
(2010) described a Fusarium infection in the eye of a volunteer
who travelled to Namibia for work in a carnivore wildlife conser-
vation center. Focused on mycoses affecting the HIV/AIDS patients,
Nowaseb et al. (2012) molecularly tested HIV- and TB-infected
patients for infection with Pneumocystis jirovecii in central Namibia
and reported a minimal frequency of PcP of 3.6%.

7. Ectoparasites (myiasis)

In 1959, Zumpt reported the presence of the Tumbu fly, the most
common cause of myiasis in Africa, throughout central and north-
ern Namibia in 6 sites, namely Ondangwa (Oshana region), Outjo
(Kunene region), Epukiro, Omitara (Omaheke Region), Okahandja
(Otjozondjupa Region), and Ondekaremba (Khomas region). Two
samples were obtained directly from people. Fujisaki et al. (2008)
fly (Cordylobia anthropophagi)  maggots (blowfly) which had par-
asitized his back and upper shoulder region. These reports indicate
that myiasis could be more of a problem in Namibia than previously
thought.

http://www.tropnet.net/
http://www.promedmail.org/
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Table 6
Tick vector species of Namibia (Living Namibia, 2003), their published collection locations and reported human pathogens transmitted in other Sub-Saharan African countries.

IXODID species Published collection locations in Namibia Reported human pathogens transmitted in other
Sub-Saharan African countries

Amblyomma hebraeum Koch 1844 Not reported Rickettsia conorii (Walker, 1991)
R.  africae (Portillo et al., 2007)
Ehrlichia ruminantium (Walker, 1991)

Amblyomma variegatum Fabricius 1794 Caprivi region (Walker et al., 2007) Rickettsia conorii, (Walker, 1991)
Rickettsia africae (Mediannikov et al., 2012)
Ehrlichia ruminantium (Walker, 1991)
Coxiella (Mediannikov et al., 2010b)

Hyalomma turanicum Pomerantsev, 1946 Not reported Crimean-Congo haemorrhagic fever virus (Walker
et al., 2007)

Hyalomma truncatum Koch 1844 Kunene Region: Otjovasandu; Oshikoto Region:
Okaukuejo (Etosha National Park); north-east of
Windhoek (Biggs and Langenhoven, 1984);
Southern Namibia (Matthee et al., 2010) – Hardap
region (Horak et al., 1992)

Rickettsia aeschlimannii and Rickettsia sibirica
mongolitimonae
(Mediannikov et al., 2010a)
Coxiella (Mediannikov et al., 2010b)

Hyalomma marginatum rufipes Koch 1844 Kunene Region: Otjovasandu,
Oshikoto Region: Okaukuejo (Etosha National
Park); north-east of Windhoek (Biggs and
Langenhoven, 1984); Southern Namibia (Matthee
et al., 2010) – Hardap region (Horak et al., 1992)

Rickettsia aeschlimannii (Mediannikov et al., 2010a)
Rickettsia africae (Mediannikov et al., 2012)
Crimean-Congo haemorrhagic fever virus (Tekin
et al., 2011)
Coxiella (Mediannikov et al., 2010b)

Rhipicephalus (Boophilus) decoloratus Koch, 1844 Northeast of Windhoek (Biggs and Langenhoven,
1984)

Rickettsia africae (Portillo et al., 2007; Mediannikov
et  al., 2012)
Coxiella (Mediannikov et al., 2010b)

Rhipicephalus evertsi evertsi Neumann, 1897 Common in the moist northern regions of Namibia
and throughout the Caprivi region (Walker, 1991;
Walker et al., 2007)

Rickettsia aeschlimannii (Mediannikov et al., 2010a)
R.  conorii conorii and Rickettsia africae
(Mediannikov et al., 2010a)
Coxiella (Mediannikov et al., 2010b)

Rhipicephalus sanguineus Latreille 1806 Southern and Central Namibia (Matthee et al.,
2010)

R. conorii (Levin et al., 2012)
Rickettsia africae (Ogo et al., 2012)
Ehrlichia canis, E. chaffeensis, and E. ewingii (Ndip
et al., 2007)

Rhipicephalus turanicus Pomerantsev, 1936 Otjozondjupa region: Grootfontein
Etosha National Park (Walker et al., 2007)

Rickettsia massiliae (Keysary et al., 2011)
Crimean-Congo haemorrhagic fever virus (Tekin
et al., 2011)

Argasid species
 (Drei
ena, O
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Ornithodoros moubata (Murray 1877) Okavango region: Rundu
North Omusati, Ohangw
regions (Ordman, 1957).

. Discussion

As Namibia develops an integrated public health system, this
s an opportune time to implement creative strategies to address
he gaps in knowledge addressed in this review. It is significant
o note that most of the published information covered in this
eview was from before Independence (1990) and focused on the
atchments of 1 or 2 hospitals or regions in the northern parts
f the country (Fig. 1). Because of this, the epidemiology of each
TD listed in Table 1 (Fig. 1) is most likely not representative of

he situation and needs to be updated on a national level. Given
he high prevalence of undefined febrile illness in recent reports
Kamwi, 2005; van Dillen et al., 2007) and the outbreak potential
f many identified NTDs (ex. RVFV, CCHFV, West Nile virus, Chikun-
unya, Leptospirosis, Q fever, and Rickettsia) with the ubiquitous
resence of mosquito, flea and tick vectors, the first step would
e to create disease risk maps for each NTD using environmental
e.g. climate, temperature, rain, humidity, water catchment), and
cological (e.g. animal-human distribution, land use, land cover)
arameters so that baselines could be established on which to build
uture prevention and control strategies. With many NTDs also
ound in bordering countries with similar climate zones and sea-
ons (Angola (Filipe et al., 1975), Zambia (Simuunza et al., 2011),
imbabwe (Kelly et al., 1993), Botswana (Appleton et al., 2008;
lexander et al., 2012), and South Africa (Pretorius et al., 2004;
ouw et al., 2005), it is critical to evaluate how the volume of cross-

order movement of animals and humans affects regional control
nd prevention strategies.

A second step would be to develop an active vector-borne dis-
ase training program to jump-start the involvement of tertiary
er et al., 1998);
shana and Oshikoto

Borrelia duttoni (Dreier et al.,1998)

institutions in this vital task for the country. The tertiary insti-
tutions of Namibia (UNAM and the Polytechnic of Namibia)
need to be tasked with mapping the NTDs in Namibia. Although
only 8% of biomedical publications from Namibia between 1995
and 2009 were from Namibian universities (Noden, 2011), there
are positive movements which will alter this scenario in the
near future. First, newly established biomedical science programs
including medicine, pharmacy, veterinary science, master’s level
microbiology (UNAM) and biomedical laboratory sciences and
environmental health (epidemiology) (Polytechnic), each with
integrated research priorities, will join already established pro-
grams in nursing and public health (UNAM). With the capacity
building and research focus of each of these programs, it will be
possible to develop research foci for NTDs. Secondly, since 2008,
the Ministry of Health and Social Services (MoHSS) has fast-tracked
the development of an Integrated Health Information Management
System to enable large scale data management of patient data from
the public systems. Finally, the developing priority to develop a
public health surveillance network (including the developing FELTP
program) will significantly improve understandings of all NTDs
in the country. Once all these systems are in place and working
together in the next 3–5 years, it will be possible to establish new
diagnostic algorithms for local districts in regards to undefined
causes of febrile diseases as well as track the outbreak potential
of various pathogens before they cause a problem. The five travel
studies reporting NTDs in this review, including dengue, Rickettsia,

and fungal infections, continues to point to the need for a broad
epidemiological surveillance program to monitor NTDs involved in
both animal and human health. Due to the zoonotic nature of many
of NTDs, future directions should consider a ‘One Health’ approach
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n which resources for both animal and human health programs
an be pooled to create a collaborative, cross-sectional strategy to
valuate the ecological and environmental drivers of specific NTDs
n Namibia.

. Conclusions

In conclusion, the historical record of NTDs in Namibia provides
n urgent call to discovery, especially by Namibia’s nascent biomed-
cal programs. While the main focus is on STHs and schistosomiasis,
he involvement of Rickettsia, Leptospira,  Coxiella, and Brucella on
he non-malaria causes of febrile illness needs special attention.

hile apparent that recent studies have strategically addressed
uman populations which would most be a risk for these bacterial

nfections, they are only small in comparison with what needs to
e done. While arguable that the historical record of each NTD may
ot indicate current presence, the timing is good for collaboration
nd capacity building to occur in order to improve NTD surveillance
nd create integrated disease risk maps of the critical NTDs which
re impacting the Namibian people.
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