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Abstract

Background: The role of pathogen-mediated febrile illness in sub-Saharan Africa is receiving more attention, especially in
Southern Africa where four countries (including Namibia) are actively working to eliminate malaria. With a high
concentration of livestock and high rates of companion animal ownership, the influence of zoonotic bacterial diseases as
causes of febrile illness in Namibia remains unknown.

Methodology/Principal Findings: The aim of the study was to evaluate exposure to Coxiella burnetii, spotted fever and
typhus group rickettsiae, and Bartonella henselae using IFA and ELISA (IgG) in serum collected from 319 volunteer blood
donors identified by the Blood Transfusion Service of Namibia (NAMBTS). Serum samples were linked to a basic
questionnaire to identify possible risk factors. The majority of the participants (64.8%) had extensive exposure to rural areas
or farms. Results indicated a C. burnetii prevalence of 26.1% (screening titre 1:16), and prevalence rates of 11.9% and 14.9%
(screening titre 1:100) for spotted fever group and typhus group rickettsiae, respectively. There was a significant spatial
association between C. burnetii exposure and place of residence in southern Namibia (P<<0.021). Donors with occupations
involving animals (P>0.012), especially cattle (P>0.006), were also significantly associated with C. burnetii exposure. Males
were significantly more likely than females to have been exposed to spotted fever (P<<0.013) and typhus (P<0.011) group
rickettsiae. Three (2.9%) samples were positive for B. henselae possibly indicating low levels of exposure to a pathogen never
reported in Namibia.

Conclusions/Significance: These results indicate that Namibians are exposed to pathogenic fever-causing bacteria, most of
which have flea or tick vectors/reservoirs. The epidemiology of febrile illnesses in Namibia needs further evaluation in order
to develop comprehensive local diagnostic and treatment algorithms.
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Introduction four countries (Namibia, Botswana, South Africa, and Swaziland)
are actively engaged in malaria elimination campaigns [8].

In Namibia, the strategy to eliminate malaria has achieved
infection rates close to pre-elimination levels and is on track to
eliminate malaria in the country by 2020 [9]. With malaria
mapped to specific ‘hot spots’, active surveillance has been
‘ - ; o implemented in the areas of highest incidence with rapid
rickettsiae) [3] and other zoonotic pathogens (leptospirosis [4], diagnostic tests (RDT) required for all fever cases [10]. The

histoplasmosis [5], and brucellosis [6]) were identified as the causes RDT results indicate that almost 90% of the fever cases in these
of fever in patients. Studies like these are critical to support the

development of diagnostic algorithms to account for other local
causes of fever as malaria is eliminated [1,7]. In Southern Africa,

As developing countries work to eliminate malaria, it is
imperative to describe which pathogens are responsible for febrile
illnesses that have historically been misdiagnosed as malaria [1]. In
the Moshi area of Tanzania, arboviruses (chikungunya and dengue
[2]), bacteria (Coxiella burnetii, spotted fever and typhus group

‘hot spots’ are linked to pathogens other than Plasmodium spp. [9].
At least 15 zoonotic pathogens capable of causing febrile illness
have been historically reported in Namibia’s 13 administrative
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regions [11]. Pathogenic bacteria, notably C. burnetii, Bartonella
henselae, as well as, spotted fever and typhus group rickettsiae were
highlighted as potentially posing the greatest risk to animal and
human health [11]. These zoonotic bacteria have been increas-
ingly noted throughout sub-Saharan Africa, and there is a need to
specifically focus on their epidemiology [12-14].

Coxiella burnetit, the causative agent of Q fever, is potentially
transmissible via blood transfusion [15,16] or even by ticks [11].
Reported to affect pregnant woman, Coxiella burnetii can cause
foetal loss and affect intrauterine growth of the foetus [13]. Spotted
fever and typhus group rickettsiae are also common causes of
febrile illness in sub-Saharan Africa [17-22]. Transmitted mainly
by ticks and fleas [23], the pathogenesis of rickettsial infections can
involve a spectrum of conditions, from asymptomatic infections to
death [18]. Bartonella henselae (cat scratch disease) is usually
associated with the bite of an infected flea [14,24] and has been
reported to affect immune-compromised persons such as HIV-
infected persons or those with heart valve issues [25-27]. Because
of the undifferentiated symptoms often associated with Q) fever or
rickettsial infections, a lack of specific diagnostic tests frequently
has led to misidentification with each other [28] or arboviruses
[29-31].

Rickettsial diseases associated with spotted fever and typhus
group rickettsiae as well as Q) fever, and cat scratch disease have
been recorded in neighbouring countries (South Africa [17];
Botswana [32]; Zambia [33]; Angola [34] and Zimbabwe [35].
However, virtually nothing is known about their presence in
Namibia [11]. A single small serosurvey in northern Namibia in
the mid-1980s reported a 2% seroprevelence for C. burnetii and
evaluated the presence of rickettsiae, but the diagnostics used were
not conclusive [36]. No studies have evaluated the presence of B.
henselae in Namibia.

To evaluate possible zoonotic bacteria involved with non-
malaria febrile illness in Namibia, this study assessed the current
exposure of a healthy volunteer cohort to these four zoonotic
bacteria and attempted to determine possible risk factors through a
questionnaire. Volunteer blood donors are commonly used to
evaluate exposure to bacterial pathogens [34,37—40], however,
prevalence estimates from these studies are considered conserva-
tive because blood donors are normally younger, healthier and
screened for other significant pathogens [41,42]. Volunteer blood
donor samples are often used as controls in studies evaluating
occupational risk of exposure to zoonotic pathogens [43-45].

Methods

Ethical statement

The study was approved by the Permanent Secretary and the
Research Committee of the Ministry of Health and Social Services
(MoHSS) of Namibia, the Institutional Research and Publications
Committee of the Polytechnic of Namibia as well as the NAMBTS
leadership. All blood donors who agreed to participate signed their
consent form and their personal information was held by
NAMBTS. The research team (including the NAMBTS personnel
involved) only received the completed (and de-identified) surveys
and two vials of donor serum, both of which were linked to a
unique donor identification number.

Study population and study design

A purposive cross-sectional sample of volunteer blood donors
was collected between September 2011 and February 2012. Donor
specimens were collected by the Blood Transfusion Service of
Namibia (NAMBTS) from fixed and mobile donation clinics. The
samples collected were as part of a broad sero-survey for viral,
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bacterial and protozoan zoonotic pathogens in Namibian volun-
teer blood donors. The number of volunteers enrolled (n=319)
was established with Epilnfo 6.0 (CDC, Atlanta, GA, USA), using
an estimated prevalence of 30% (based on C. burnetii exposure in
Zimbabwe [35], an absolute error of 0.5 and a 95% confidence
interval (95%CI).

Sample selection

Inclusion criteria included healthy individuals (first time or
repeat donors) who passed the donor selection criteria set by
NAMBTS [46]. Before donating blood, each volunteer was
provided a study consent form in English or Afrikaans. Due to
the focus of the study, we attempted to over-sample volunteer
blood donors with rural or farm experience. After reading and
discussing the form with NAMBTS staff, each volunteer was asked
whether they currently lived in a farm or rural area, or had
considerable exposure to farm or rural areas in Namibia during
the past 10 years. If affirmative, donors were asked if they wanted
to participate in this study. If they agreed, they signed the consent
form, completed a short questionnaire (in English or Afrikaans)
and an additional 4 ml of blood was drawn during their donation
session.

Serum samples

After donation, blood samples were transported to the
NAMBTS headquarters in Windhoek where they were processed
and serum components were divided into two 2 ml vials, each
labelled with a unique patient identification number, and stored at
—20°C until picked up for testing at the Polytechnic of Namibia.

Questionnaire

The questionnaire included questions on demographics such as
gender, age, region, and the general area where they lived (city,
peri-urban or rural). Questions focused on donors’ interactions
with animals (types, frequency, occupational), experience living on
farms or in rural areas, memory of tick bites that took more than a
week to heal, unexplained fevers following periods of exposure to
the “veldt” (farm or rural area), and histories of ‘tick-bite fever’
either personally or in a household pet over the past 510 years.
These variables were selected based on similar studies in the
literature.

Serological testing

Serological testing on the serum samples was performed in the
Department of Biomedical Science at the Polytechnic of Namibia
using the following IgG (Immunoglobulin G) antibody kits from
Fuller Laboratories (Fullerton, California, USA): 1) MIF IFA
(micro-immunofluorescence assay) IgG antibody (gamma chain
specific) kits for C. burnetit (Phase 1 and 2 in the same IFA spot); 2)
ELISA (enzyme-linked immunosorbent assay) IgG antibody
(gamma chain specific) kits for rickettsiae groups (spotted fever
and typhus group rickettsiae); 3) MIF IFA IgG antibody (gamma
chain specific) kits for Rickettsia africae/R. typhi (in same IFA
spot); and 4) IFA (immunofluorescence assay) IgG antibody
(gamma chain specific) kits for B. henselae. Testing protocols
followed manufacturer’s instructions, including the cutoft calibra-
tor instructions for the rickettsiae ELISA. All IFA slides were
screened by two trained persons using a Primo Star iLED
fluorescence microscope (Zeiss), recommended for developing
countries by the WHO [47]. Only samples that had a
questionnaire were included in the study. Methods for each test
kit include the following:
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Coxiella burnetii. Initial screening (1:16 dilution) was
followed by confirmation screening (1:256 dilution). Each com-
mercially-prepared slide contained 12 spots containing acetone-
fixed cells containing phase I and II C. burnetii. Briefly, ten
microliters of diluted patient serum was added to each spot.
Manufacturer-prepared positive and negative controls were run
with each cohort of serum tested. After incubation at 37°C for 30
minutes and subsequent PBS washing, ten microliters of conjugate
(affinity-purified DyLight 488-labeled goat anti-human IgG (heavy
chain) with bovine serum albumin) and Evans’ blue counterstain
was added. After incubation and washing, mounting medium was
added prior to reading under fluorescence microscope. Only IFA
spots which rated 2+ or higher in fluorescence intensity were
considered positive (test kit instructions). Each positive or
equivocal C. burnetii result was re-confirmed.

Spotted Fever and typhus group rickettsiae. All samples
were screened at a 1:100 dilution using an antigen-specific ELISA.
The Spotted Fever Rickettsia IgG EIA Antibody kit used a group-
specific lipopolysaccharide antigen that cross-reacts among spotted
fever group rickettsiae species and the Rickeltsia typhi EIA IgG
Antibody kit used a species-specific Outer Membrane Protein B
antigen which also cross-reacts among other typhus group
rickettsiae. Briefly, 100 pl of diluted serum, negative control and
dilutions of positive control serum were pipetted into antigen-
coated 96 well plates. After incubation and washing with a PBS/
Tween buffer, 100 ul of affinity-purified HRP-labeled goat anti-
human IgG (heavy chain) was added to each well. After incubation
and washing, 100 pl of a tetramethylbenzidine (TMB) solution was
added to each well for 10 minutes prior to adding a stop solution.
Absorbance was read using a microplate reader with a 450 nm
filter. For quality control, the kit contained a cutoff calibrator to
discriminate between reactive and non-reactive samples. All
ELISA positive and equivocal samples were re-confirmed using
MIF IFA [48] containing R. africae and R. typhi-infected Vero
cells which utilized a similar protocol described above for C.
burnetii with appropriate positive and negative controls. While the
positive controls worked for the R. africae (spotted fever group
rickettsiae), the R. typhi controls did not work even after
replacement of the kits. As such, only the IFA results for spotted
fever group rickettsiae confirmations are presented. The data used
for risk factor analysis was based on the ELISA results for both
groups.

Bartonella henselae. Screening and rescreening of exposure
was carried out at a 1:64 dilution using a Bartonella henselae IFA
human IgG Antibody kit. Each commercially-prepared slide
contained 12 spots of B. henselae-infected Vero cells. Similar to
the C. burnetii protocol, ten microliters of diluted patient serum
was added to each spot and manufacturer-prepared positive and
negative controls were run with each cohort of serum. After
incubation and washing, ten microliters of conjugate and
mounting medium was added after incubation/washing and
mounting medium was added prior to reading under fluorescence
microscope. Only IFA spots which rated 2+ or higher in
fluorescence intensity were considered positive (as per test kit
instructions). Due to funding constraints, only 105 samples were
tested, specifically targeting those donors who had indicated a
frequent interaction with dogs or cats, a common risk factor [14].

Statistical analysis

All data were entered into Microsoft Excel spreadsheets and
analyzed using SPSS (version 21, IBM Corp., Armonk, NY, USA).
Pearson’s ¥ tests or Fisher’s exact tests (when values were lower
than 5) were used for categorical data. Bivariate analyses assessed
associations between population characteristics provided in the
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surveys and seropositivity results. Odds ratios (OR) and 95%
confidence intervals (CI) were calculated for all associations. P
values less than 0.05 were considered statistically significant.

Results

Study population

Serum samples (n = 319) were collected by NAMBTS, but 14
did not have accompanying surveys and were excluded. While not
all 305 samples were tested for all four pathogen groups, each
sample was tested for exposure to at least one pathogen in the
study. The mean age of donors was 32.2 years*11.3 years (range
18-64). Almost half of the donors were under the age of 30
(46.1%) and 86.8% of the donors were from the central regions of
Namibia (Otjozondjupa, Erongo, Khomas, Omaheke) (Table 1).
Eleven of Namibia’s 13 regions were represented in the study
sample, even if by only one specimen (Caprivi, Ohangwena,
Omusati). No specimens were available for Kavango and Karas
regions. Most of blood donors (70.1%) currently lived, or had
lived, in rural area or on a farm with exposure to animals in the
past 10 years. The majority (81.4%) of those tested lived in urban
settings and interacted regularly with animals (97.3%) (domestic
and companion animals).

Coxiella burnetii

Of the 276 samples tested by IFA for exposure to C. burnetii
(1:16 dilution), 26.1% (n = 72) were positive for antibodies to either
Phase I or Phase II antibodies. Thirty-four (12.3%) and 66 (23.9%)
of samples tested were positive for Phase 1 or Phase II antigens,
respectively. Twenty-seven (37.5%) samples were positive for both
phases. Of the samples with higher titers to Phase I antigens (=
1:256), seven (20.6%) were positive compared with 15 (22.7%) of
the samples with higher titers to Phase II antigens (=1:256).

For the 276 samples tested for exposure to C. burnetii, being
male, living in Hardap region (southern Namibia), and regularly
working with animals (hunters or farmers) were significant risk
factors (Table 1), while age, urban/rural residence, and occasional
interaction with animals were not significant. When evaluating
specific animal groups, those interacting with cattle, donkeys and/
or horses were significantly at risk for exposure (OR =2.2 (95%CI
1.2-3.9; P<<0.007). Interactions with other animals (dogs, cats,
sheep, goats, and wild animals) were not significant.

Spotted fever group rickettsiae

Of 269 samples tested, thirty-two (11.9%) samples were ELISA
positive for spotted fever group rickettsiae. Twenty-three (71.9%)
of the 32 ELISA positive samples were confirmed by IFA using R.
africae-infected cells. Being male was the only significant risk
factor, while urban/rural residence, age, region, and interactions
with animals were not risk factors (Table 1). While not significant,
there may be a regional trend in exposure, with higher rates in
northern regions and the lowest prevalence in the southern region
of Hardap (Table 1).

Typhus group rickettsiae

Of 269 samples tested, 40 (14.9%) samples were ELISA positive
for typhus group rickettsiae. Being male and in the 20-29 year old
age group were the only significant risk factors, while urban/rural
residence, region, and interactions with animals were not
significant (Table 1). Similar to C. burnetii, while not significant,
there may be a regional trend in exposure with lower rates in the
northern regions and higher rates in the south (Table 1).
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Multiple pathogen exposure

Of the 268 patients tested for exposure to all three pathogens (C.
burnetii, spotted fever and typhus group rickettsiae), 117 (43.7%)
had antibodies indicative of exposure to at least one of the
pathogens. The majority (78.6%) were positive for only one
pathogen with 55 (47%) reacting with only C. burnetii while 23
(19.7%) and 14 (12%) reacting only with spotted fever group and
typhus group rickettsiae, respectively. One in five blood donors
(20.4%) had been exposed to two or more pathogens with 8 (6.8%)
samples recognizing each combination (typhus and spotted fever
group rickettsiae, C. burnetit and typhus group rickettsiae, C.
burnetii and spotted fever group rickettsiae). Only one sample
reacted with all three pathogen/groups.

Bartonella henselae

Three (2.9%) of 105 samples tested for exposure to B. henselae
were positive. These three consisted of two males and one female
from Central regions in Namibia. Two lived in rural areas. Only
one had a dog or cat. One was also positive for C. burnetii Phase 11
antibodies.

Questionnaire

Of the 305 questionnaires reviewed, 39.7% of the respondents
had an occupation in which they interacted regularly with animals
(mainly farming or hunting) and two were veterinarians. Seven-
teen (5.8%) recalled a tick-bite that took longer than a week to heal
and ten (3.4%) recalled an unexplained fever a few days after being
in the veldt. Forty-two (14.2%) owned an animal recently
diagnosed with ‘tick-bite fever’. However, when analysed in
conjunction with exposure to C. burnetii and spotted fever and
typhus group rickettsiae, only one response variable was signifi-
cant. Among those exposed to C. burnetii, 40% (16/40) had a pet
recently diagnosed with ‘tick-bite fever’ compared with 22.9%
(52/227) who did not have a pet recently diagnosed with ‘tick-bite
fever’ (OR =2.2 (95%CL 1.1-4.5) (P=0.03).

Four (1.4%) donors surveyed had been diagnosed with ‘tick-bite
fever’ by a medical professional. Each donor was positive for
exposure to a different pathogen or combination of pathogens: 1)
typhus group rickettsiae; 2) spotted fever and typhus group
rickettsiae; 3) C. burnetii; and 4) typhus group rickettsiae and low
levels of C. burnetii antibodies.

Discussion

This was first study since Namibian Independence (1990) to
describe exposure to C. burnetit, spotted fever and typhus group
rickettsiac and B. henselae in a cohort of healthy Namibians. The
results are comparable with past studies in the Southern African
region. The observed 26% prevalence for C. burnetii is comparable
with the 37% (n = 494) reported in Zimbabwe [35] but quite different
that the 2% (n=113) from Angola [34]. The spotted fever group
rickettsiac prevalence of 12% among the donor samples was
considerably lower than the 55% (n=276) reported in Zimbabwe
[36],48% in Angola [34], butsimilar to the 17% (n = 377) reported in
Zambia [33]. The 15% prevalence to R. typhi can only be compared
with 5% reported in Zambia [33] and 0% in Angola [34]. Recent B.
henselae prevalence rates in South Africa were recently reported at
23% (n = 382) in HIV-infected persons and 10% (n = 42) in clinically
healthy volunteers [49] which is considerably higher than the 3%
found in the current study.

The global distribution of C. burnetit and its effect on human
and animal health is well reviewed [13,50,51]. Because zoonotic
disease is usually spread to humans via infected livestock [13], the
significant regional trend observed between northern (15%) to
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southern (52%) areas in Namibia could be important as a guide to
future public health or disease prevention and control efforts.
While the majority of samples were from central regions, the high
seroprevelence among apparently healthy blood donors from the
southern Hardap region (9 of 15— most of them youth) could
indicate a significant transmission zone in Hardap. This finding
could potentially impact human and animal health and guide
future public health interventions.

Like numerous studies worldwide [40,43,52], persons who
worked regularly with animals (OR =2.0), particularly cattle,
donkeys and horses (OR =2.2), may be more at risk in Namibia.
Coxiella burnetii has a broad transmission potential especially
among occupations that involve inhalation of small cell variants
and aerosols or ingestion of unpasteurized milk [13]. While
generally noted that chronic C. burnetii infections in cattle, sheep
and goats may cause reproductive issues such as abortion,
premature, dead or weak offspring, cattle are more often affected
than other livestock species [51]. Because most recorded livestock
cases iIn Namibia have occurred in goats [53], the findings of the
present study could further focus public health interventions to
prevent animal and human infections.

It was surprising to find a significant association between
exposure to C. burnetii and a pet recently diagnosed with ‘tick-bite
fever’, most likely due to Ehrlichia canis, Hepatozoon canis, or
Babesia canis vogeli [54]. While the effect of C. burnetii on the
reproductive health of companion animals is not well defined [51],
dogs and cats are known reservoirs for C. burnetii in Zimbabwe
[35,55]. Future studies should follow up this possible link between
companion animal health and C. burnetii exposure as well the
possibility of cross-reactivity to Bartonella species [56].

Rickettsia africae has only been reported in Namibia from
unspecified tourist travel studies [18]. While its presence in
neighbouring countries indicates a probable presence in Namibia
[17,19,33], no study has yet addressed the likelihood of spotted fever
group rickettsiae among Namibians. Gender was the only significant
risk factor involved with males (OR = 3.3) more likely to be exposed as
they are possibly more active outdoors on farms or rural areas.

While the study did not differentiate between rickettsial species,
spotted fever rickettsiae are normally transmitted by ticks or fleas,
of which eight potential vector species have been recorded in
Namibia [11]. Rickettsia felis, a spotted fever group rickettsiae
transmitted by cat or rat fleas [57], remains to be identified south
of Angola, Zambia and Mozambique. To date, the most southerly
report in sub-Saharan Africa is from the Democratic Republic of
Congo [58]. Given the long history of ports in Southern Africa and
the association of R. felis with rat and cat fleas, it is likely a matter
of being underreported. The results of this study demonstrate the
presence of spotted fever group rickettsiae in Namibia but indicate
the need to follow up with molecular identification in order to
establish the current epidemiology and confirm the southern to
northern trend in exposure which could involve the species
composition of vector ticks.

Like spotted fever group rickettsiae, 15% of samples were
positive for typhus group rickettsiae, with a significant association
with males under 30 years of age, the majority of whom did not
regularly work on farms or hunt. The two principal Rickettsia spp.
possibly involved are R. prowazekii (louse-borne) or R. typhi (flea-
borne) [57]. While R. prowazekii (endemic typhus) is probably not
present due to microhabitat conditions and lack of non-migrating
populations, R. typhi is most probable. The question, however, of
how a pathogen normally found in urban or port cities [57] could
be prevalent in a dry, arid climate in Central Namibia needs follow
up. The 7-10% seroprevalence of R. typhi among cats in similar
climates of Zimbabwe and South Africa indicates that climate may
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not significantly limit the epidemiology [59]. The observed north-
south regional trend observed may not be important, either, as
Wessels et al. [36] observed a low agglutination response in 59%
of patients in the northern Kavango region, indicating possible
exposure to typhus group rickettsiae [11]. Compared with other
countries in Southern Africa, the relatively high prevalence among
Namibian blood donors demonstrates a need for further follow up
on this important pathogenic group.

This is the first report of possible exposure to B. henselae in
Namibia. The low seroprevalence (3%) among blood donors is
lower than other studies among healthy volunteers in South Africa
(10%) [49]. Also known as ‘cat scratch disease’, Bartonella
henselae appears to be common in Southern Africa with
prevalence rates of 21-23% reported among domestic and wild
felines [60] and 14% in dogs [61] in Zimbabwe and South Africa.
While the low prevalence in the study population indicates the
presence of Bartonella spp. in Namibia, lack of exposure to
infected fleas or the dry, arid climate may reduce actual risk
among residents in the central regions. Future studies should
evaluate the presence of B. henselae in fleas, companion animals,
and potentially patients with undifferentiated febrile illness in the
coastal areas around the cities of Luderitz, Walvis Bay and
Swakopmund. As in other countries, cross-reactivity could have
occurred with other Bartonella spp. that may be present in the
region [17] as well as C. burnetii [48].

One of five samples was positive for exposure to two or more
pathogens. These results probably indicate that persons tested had
either experienced an active infection or had an exposure to the
pathogen which was significant enough to stimulate antibodies.
While the ELISA kits used were based on antigens which
differentiated between spotted fever and typhus group rickettsiae
[62,63], cross-reactivity has been recorded among spotted fever
rickettsiae species [64] and between Bartonella and C. burnetii [56].

The exposure to bacterial pathogens among volunteer blood
donors was a significant component in this study as it may be
important for the safety of the national blood supply. While it is
unlikely that spotted fever and typhus group rickettsiae would
survive the blood storage process [65], B. henselae [15] and C.
burnetii [16] are known to survive in donated blood units and can
be transmitted via transfusion. A transfusion of C. burnetii into an
immunocompromised person, either pregnant or HIV-infected
(19% HIV-infection rate in Namibia [66]), could result in an
abortion in the pregnant woman or death of the HIV-patient.

One exciting aspect of this study was the use of a Primo-star
iLED scope for determination of IFA results. The Primo-star iLED
microscope was designed for research laboratories in resource-
limited settings, where cost, efficiency, and ease of use are
important [67]. This microscope has been shown to have
equivalent accuracy to that of international standards and is now
recommended by the World Health Organization as a standalone
option for field diagnosis of tuberculosis [47].

In regards to limitations, it is difficult to identify true regional
trends and establish risk factors from a small, non-random sample.
Also, because most Namibian blood donors are males with farm/
rural experience from the central regions, it was not possible to
gather a more heterologous population for a true population-based
epidemiological assessment. The cross-sectional approach to use
only one sample from each donor meant that the benefits of
comparing acute and convalescent samples from febrile inpatients
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were not present [3]. While these limitations require a broader,
population-based investigation in order to potentially impact
public health policy, the study demonstrated that these pathogens
are present among healthy persons and raises the profile of the
issue of vector-borne bacterial pathogens as a source of non-
malaria fevers. Without Western Blot, molecular confirmation of
DNA present in the blood, or cultivation of viable pathogen from
specimens, this study can only state broadly that Namibians are
being exposed to these groups of pathogenic bacteria. Addition-
ally, samples were only screened at 1:16 and 1:256 titers for
antibodies to C. burnetii, and 1:64 for B. henselae but end point
titers were not determined. While indicating a rather high
seroprevalence of exposure to C. burnetii, future work is needed
to fully characterize the serologic status of the population in
regards to possible acute and chronic infections.

Conclusions

This study establishes that Namibians, particularly those
involved in farms or rural life, are being exposed to pathogenic,
vector-borne bacteria. Given Namibia’s priority to eliminate
malaria [9], it will not be possible to upgrade national diagnostic
algorithms to account for other causes of febrile illness without
active clinical surveillance. While most of these bacteria can be
identified via symptoms and simply treated using tetracycline-class
antibiotics, it is critical for health professionals to begin differen-
tiating between these four types of pathogens. The possibility of
missing an acute infection that could become chronic could cause
serious complications for either the patient (R. conorit) [29], the
foetus of an infected pregnant woman [13] or a person receiving a
blood transfusion (C. burnetii) [16]. The low prevalence of B.
henselae among blood donors may actually be a positive finding,
indicating that this pathogen may not be as important as Q fever
and rickettsiae in the health of Namibians.

Knowing that healthy Namibians are encountering these
pathogens, future studies should concentrate on three main areas:
1) Determine the frequency of febrile illnesses caused by vector-
borne bacterial pathogens; 2) Further describe the occupational
risks factors for different professions, such as farmers, abattoir
workers, and veterinarians, and; 3) Systematically map the
occurrence of each pathogen in humans and animals, determine
the risk of transmission by different vector species, and develop
public health interventions to reduce vector populations or
transmission. Without vectors, most of these bacterial pathogens
(except C. burnetit) will not spread [14].

Acknowledgments

The research team would especially like to thank the blood donation team
at NAMBTS for their hard work in recruiting volunteers for this study as
well as processing and storing the samples. Special thanks to Mr. John
Pitman for editorial assistance.

Author Contributions

Conceived and designed the experiments: BHN BEV. Performed the
experiments: BHN FIT BEV. Analyzed the data: BHN. Wrote the paper:
BHN FIT BEV IC RW. Recruited, collected, and processed the blood
samples from volunteer donors: IC RW.

2. Hertz JT, Munishi OM, Ooi EE, Howe S, Lim WY, et al. (2012) Chikungunya
and dengue fever among hospitalized febrile patients in northern Tanzania.

Am J Trop Med Hyg 86: 171-7.

September 2014 | Volume 9 | Issue 9 | 108674



20.

21.

22.

23.
24.

28.

29.

30.

31.

. Prabhu M, Nicholson WL, Roche AJ, Kersh GJ, Fitzpatrick KA, et al. (2011) Q,

fever, spotted fever group, and typhus group rickettsioses among hospitalized
febrile patients in northern Tanzania. Clin Infect Dis 53: €8-15.

. Biggs HM, Bui DM, Galloway RL, Stoddard RA, Shadomy SV, et al. (2011)

Leptospirosis among hospitalized febrile patients in northern Tanzania.

Am ] Trop Med Hyg 85: 275-81.

. Lofgren SM, Kirsch EJ, Maro VP, Morrissey AB, Msuya LJ, et al. (2012)

Histoplasmosis among hospitalized febrile patients in northern Tanzania.
Trans R Soc Trop Med Hyg 106: 504-7.

. Bouley AJ, Biggs HM, Stoddard RA, Morrissey AB, Bartlett JA, et al. (2012)

Brucellosis among hospitalized febrile patients in northern Tanzania. Am J -
Trop Med Hyg 87: 1105-11.

. Alegana VA, Wright JA, Pentrina U, Noor AM, Snow RW, et al. (2012) Spatial

modelling of healthcare utilisation for treatment of fever in Namibia.
Int J Health Geogr 11: 6.

. Cotter C, Sturrock HJ, Hsiang MS, Liu J, Phillips AA, et al. (2013) The

changing epidemiology of malaria elimination: new strategies for new challenges.

Lancet 382: 900-91.

. Noor AM, Alegana VA, Kamwi RN, Hansford CF, Ntomwa B, et al. (2013)

Malaria control and the intensity of Plasmodium falciparum transmission in
Namibia 1969-1992. PLoS One 8: ¢63350.

. Noor AM, Uusiku P, Kamwi RN, Katokele S, Ntomwa B, et al. (2013) The

receptive versus current risks of Plasmodium falciparum transmission in
Northern Namibia: implications for elimination. BMC Infect Dis 13: 184.

. Noden BH, van der Colf BE (2013) Neglected tropical diseases of Namibia:

unsolved mysteries. Acta Trop 125: 1-17.

. Hotez PJ, Kamath A (2009) Neglected tropical diseases in sub-saharan Africa:

review of their prevalence, distribution, and disease burden. PLoS Negl Trop Dis
3: e412.

. Angelakis E, Raoult D (2010) Q Fever. Vet Microbiol 140: 297-309.
. Mosbacher ME, Klotz S, Klotz J, Pinnas JL (2011) Bartonella henselae and the

potential for arthropod vector-borne transmission. Vector Borne Zoonotic Dis
11: 471-7.

. Magalhides RF, Pitassi LH, Salvadego M, de Moraes AM, Barjas-Castro ML

(2008) Bartonella henselae survives after the storage period of red blood cell
units: is it transmissible by transfusion? Transfus Med 18: 287-91.

. Kersh GJ, Priestley R, Massung RF (2013) Stability of Coxiella burnetii in stored

human blood. Transfusion 53: 1493-6.

. Pretorius AM, Jensenius M, Birtles RJ (2004) Update on spotted fever group

Rickettsiae in South Africa. Vector Borne Zoonotic Dis 4: 249-60.

. Parola P, Paddock CD, Socolovschi C, Labruna MB, Mediannikov O, et al.

(2013) Update on tick-borne rickettsioses around the world: a geographic
approach. Clin Microbiol Rev 26: 657-702.

. Portillo A, Pérez-Martinez L, Santibafiez S, Blanco JR, Ibarra V, et al. (2007)

Detection of Rickettsia africae in Rhipicephalus (Boophilus) decoloratus ticks
from the Republic of Botswana, South Africa. Am J Trop Med Hyg 77: 376-7.
Mura A, Socolovschi C, Ginesta J, Lafrance B, Magnan S, et al. (2008)
Molecular detection of spotted fever group rickettsiae in ticks from Ethiopia and
Chad. Trans R Soc Trop Med Hyg 102: 945-9.

Mediannikov O, Diatta G, Fenollar F, Sokhna C, Trape JF, et al. (2010) Tick-
borne rickettsioses, neglected emerging diseases in rural Senegal. PLoS Negl
Trop Dis 4: 9.

Ndip LM, Biswas HH, Nfonsam LE, LeBreton M, Ndip RN, et al. (2011) Risk
factors for African tick-bite fever in rural central Africa. Am J Trop Med Hyg
84: 608-13.

Bitam I (2012) Vectors of rickettsiae in Africa. Ticks Tick Borne Dis 3: 382-6.
Tsai YL, Lin CC, Chomel BB, Chuang ST, Tsai KH, et al. (2011) Bartonella
infection in shelter cats and dogs and their ectoparasites. Vector Borne Zoonotic

Dis 11: 1023-30.

. Frean J, Arndt S, Spencer D (2002) High rate of Bartonella henselae infection in

HIV-positive outpatients in Johannesburg, South Africa. Trans R Soc Trop
Med Hyg 96: 549-50.

5. Pons I, Sanfeliu I, Nogueras MM, Sala M, Cervantes M, et al. (2008)

Seroprevalence of Bartonella spp. infection in HIV patients in Catalonia, Spain.
BMC Infect Dis 8: 58.

. Casalta JP, Gouriet F, Richet H, Thuny F, Habib G, et al. (2009) Prevalence of

Coxiella burnetii and Bartonella species as cases of infective endocarditis in
Marseilles (1994-2007). Clin Microbiol Infect 15(S2): 152-3.

Nett R], Book E, Anderson AD (2012) Q) fever with unusual exposure history: a
classic presentation of a commonly misdiagnosed disease. Case Rep Infect Dis
916142,

de Almeida DN, Favacho AR, Rozental T, Barcaui H, Guterres A, et al. (2010)
Fatal spotted fever group rickettsiosis due to Rickettsia conorii conorii mimicking
a hemorrhagic viral fever in a South African traveller in Brazil. Ticks Tick Borne
Dis 1: 149-50.

Karabay O, Gozdas HT, Ozturk G, Tuna N, Utku AC (2011) A Q fever case
mimicking Crimean-Congo haemorrhagic fever. Indian ] Med Microbiol 29:
418-9.

Premaratna R, Halambarachchige LP, Nanayakkara DM, Chandrasena TG,
Rajapakse RP, et al. (2011) Evidence of acute rickettsioses among patients
presumed to have chikungunya fever during the chikungunya outbreak in Sri
Lanka. Int J Infect Dis 15: e871-3.

PLOS ONE | www.plosone.org

32.

33.

34.

36.

37.

38.

39.

40.

41.

42.

43.

44.

46.

47.

48.

49.

50.

51.

52.

53.

54.

56.

57.

58.

Coxiella burnetti and Rickettsiae Exposure in Namibia

Schwartz RA, Kapila R, McElligott SC, Atkin SH, Lambert WC (2012)

“utancous leishmaniasis and rickettsial African tick-bite fever: a combination of
exotic traveler’s diseases in the same patient. Int J] Dermatol 51: 960-3.
Okabayashi T, Hasebe F, Samui KL, Mweene AS, Pandey SG, et al. (1999)
Prevalence of antibodies against spotted fever, murine typhus, and Q fever
rickettsiae in humans living in Zambia. Am J Trop Med Hyg 61: 70-2.
Dupont HT, Brouqui P, Faugere B, Raoult D (1995) Prevalence of antibodies to
Coxiella burnetii, Ricketlsia conorii, and Rickeltsia typhi in seven African
countries. Clin Infect Dis 21: 1126-33.

. Kelly PJ, Matthewman LA, Mason PR, Raoult D (1993) Q fever in Zimbabwe.

A review of the disease and the results of a serosurvey of humans, cattle, goats
and dogs. S Afr Med J 83: 21-5.

Wessels G, Hesseling PB, Cooper RC (1986) Q-fever, OX19, OX2 and
leptospirosis antibodies in patients with onyalai and in negroid, bushman and
white inhabitants of Kavango, Namibia. Trans R Soc Trop Med Hyg 80: 847
8.

Kelly PJ, Mason PR, Matthewman LA, Raoult D (1991) Seroepidemiology of
spotted fever group rickettsial infections in humans in Zimbabwe. J Trop Med
Hyg 94: 304-9.

Kilic S, Yilmaz GR, Komiya T, Kurtoglu Y, Karakoc EA (2008) Prevalence of
Coxiella burnetii antibodies in blood donors in Ankara, Central Anatolia,
Turkey. New Microbiol 31: 527-34.

Sun J, Fu G, Lin J, Song X, Lu L, et al. (2010) Seroprevalence of Bartonella in
Eastern China and analysis of risk factors. BMC Infect Dis 10: 121.

Hogema BM, Slot E, Molier M, Schneeberger PM, Hermans MH, et al. (2012)
Coxiella burnetii infection among blood donors during the 2009 Q-fever
outbreak in The Netherlands. Transfusion 52: 144-50.

Mansueto P, Pepe I, Cillari E, Arcoleo F, Micalizzi A, et al. (2012) Prevalence of
antibodies anti-Bartonella henselae in western Sicily: children, blood donors, and
cats. J Immunoassay Immunochem 33: 18-25.

Negri EC, Santarém VA, Rubinsky-Elefant G, Giuffrida R (2013) Anti-Toxocara
spp. antibodies in an adult healthy population: serosurvey and risk factors in
Southeast Brazil. Asian Pac J Trop Biomed 3: 211-216.

Cisak E, Chmielewska-Badora J, Mackiewicz B, Dutkiewicz J (2003) Prevalence
of antibodies to Coxiella burnetii among farming population in eastern Poland.
Ann Agric Environ Med 10: 265-7.

Elfving K, Lindblom A, Nilsson K (2008) Seroprevalence of Ricketlsia spp.
infection among tick-bitten patients and blood donors in Sweden. Scand J Infect
Dis 40: 74-7.

. Monno R, Fumarola L, Trerotoli P, Cavone D, Giannelli G, et al. (2009)

Seroprevalence of Q fever, brucellosis and leptospirosis in farmers and
agricultural workers in Bari, Southern Italy. Ann Agric Environ Med 16: 205-9.
Vardas E, Sitas F, Seidel K, Casteling A, Sim J (1999) Prevalence of hepatitis C
virus antibodies and genotypes in asymptomatic, first-time blood donors in
Namibia. Bull World Health Organ 77: 965-72.

WHO. Policy Statement (2011): Fluorescent light-emitting diode (LED)
microscopy for diagnosis of tuberculosis. http://www.ncbi.nlm.nih.gov/books/
NBK131929/pdf/ TOC.pdf. Accessed 2013 December 18.

La Scola B, Raoult D (1997) Laboratory diagnosis of rickettsioses: current
approaches to diagnosis of old and new rickettsial diseases. J Clin Microbiol 35:
2715-27.

Trataris AN, Arntzen L, Rossouw J, Frean J, Karstaedt A (2012) Bartonella
henselae and Bartonella quintana seroprevalence in HIV-positive, HIV-negative
and clinically healthy volunteers in Gauteng, South Africa. Onderstepoort J Vet
Res 79: E1.

Honarmand H (2012) Q Fever: an old but still a poorly understood disease.
Interdiscip Perspect Infect Dis 131932.

Agerholm JS (2013) Coxiella burnetii associated reproductive disorders in
domestic animals—a critical review. Acta Vet Scand 55: 13.

Walsh MG (2012) Assessing Q fever in a representative sample from the United
States population: identification of a potential occupational hazard. Epidemiol
Infect 140: 42-6.

Magwedere K, Hemberger MY, Hoffman LC, Dziva F (2012) Zoonoses: a
potential obstacle to the growing wildlife industry of Namibia. Infect Ecol
Epidemiol 2. doi: 10.3402/iee.v2i0.18365.

Noden BH, Morkel C, Manyarara R, Tubbesing U, Soni M (2011) Emerging
zoonotic diseases of companion animals in Namibia [abstract 98]. ASTMH 31.
http://www.astmh.org/AM/Template.cfm?Section=Meeting_
Archives& Template=/CM/ ContentDisplay.cfim&ContentID=3953. Accessed
2013 December 18.

. Matthewman L, Kelly P, Hayter D, Downie S, Wray K, et al. (1997) Exposure

of cats in southern Africa to Coxiella burnetii, the agent of Q fever.
Eur J Epidemiol 13: 477-9.

Vermeulen MJ, Verbakel H, Notermans DW, Reimerink JH, Pecters MF (2010)
Evaluation of sensitivity, specificity and cross-reactivity in Bartonella henselae
serology. ] Med Microbiol 59(Pt 6): 743-5.

Azad A, Radulovic S, Higgins J, Noden B, Troyer J (1997) Flea-borne
rickettsioses: ecologic considerations. Emerg Infect Dis 3: 319-27.

Sackal C, Laudisoit A, Kosoy M, Massung R, Eremeeva ME (2008) Bartonella
spp. and Rickettsia felis in fleas, Democratic Republic of Congo. Emerg Infect
Dis 14: 1972-4.

. Matthewman L, Kelly P, Hayter D, Downie S, Wray K, et al. (1997) Domestic

cats as indicators of the presence of spotted fever and typhus group rickettsiae.
Eur J Epidemiol 13: 109-11.

September 2014 | Volume 9 | Issue 9 | 108674



60.

61.

62.

63.

Kelly PJ, Matthewman LA, Hayter D, Downey S, Wray K, et al. (1996)
Bartonella (Rochalimaea) henselae in southern Africa—evidence for infections in
domestic cats and implications for veterinarians. J S Afr Vet Assoc 67: 182-7.
Kelly PJ, Eoghain GN, Raoult D (2004) Antibodies reactive with Bartonella
henselae and Ehrlichia canis in dogs from the communal lands of Zimbabwe.
J S Afr Vet Assoc 75: 116-20.

Hébert GA, Tzianabos T, Gamble WC, Chappell WA (1980) Development and
characterization of high-titered, group-specific fluorescent-antibody reagents for
direct identification of rickettsiae in clinical specimens. J Clin Microbiol 11: 503~
7.

Anacker RL, Mann RE, Gonzales C (1987) Reactivity of monoclonal antibodies
to Rickettsia rickettsii with spotted fever and typhus group rickettsiae. J Clin
Microbiol 25: 167-71.

PLOS ONE | www.plosone.org

64.

66.

67.

Coxiella burnetti and Rickettsiae Exposure in Namibia

Hechemy KE, Raoult D, Fox J, Han Y, Elliott LB, et al. (1989) Cross-reaction of
immune sera from patients with rickettsial diseases. ] Med Microbiol 29: 199
202.

. Leiby DA, Gill JE (2004) Transfusion-transmitted tick-borne infections: a

cornucopia of threats. Transfus Med Rev 18: 293-306.

Kazondovi L (2012) Stubborn HIV/Aids pandemic in Namibia. http://allafrica.
com/stories/201211150960.html. Accessed 2013 December 18.

Turnbull ER, Kaunda K, Harris JB, Kapata N, Muvwimi MW, et al. (2011) An
evaluation of the performance and acceptability of three LED fluorescent
microscopes in Zambia: lessons learnt for scale-up. PLoS One 6: €27125.

September 2014 | Volume 9 | Issue 9 | 108674



