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Abstract: Brucellosis is an endemic zoonotic disease of public health priority in many sub-Saharan
countries, where robust tools for detection of Brucella in animal populations are needed for sur-
veillance. Blood collected from 501 animals at a ranch suspecting brucellosis was tested for Brucella
infection using molecular and serological techniques. Information on animal species, sex and
abortion history were recorded. Blood clot DNA extracts were tested using two Brucella spp. genus
specific targets, IS711 and besp31. Samples positive for both targets were subjected to a multiplex
species-specific assay targeting alkB for B. abortus and BMEI1162 for B. melitensis. All sera were
tested using the Rose Bengal test. Brucella spp. DNA was detected by qPCR in a total of 58 (11.6%)
of 501 blood samples. B. abortus was identified in 18 and B. melitensis in 22 of the 58 samples posi-
tive for Brucella spp. A total of 73 (14.6%) of 501 sera tested positive by RBT with poor agreement
(kappa = 0.102) between the RBT and Brucella spp. qPCR assay results. Brucella abortus was found
in cattle and goats, while B. melitensis was detected in cattle, sheep and goats. These findings sup-
port the use of molecular assays alongside serology in brucellosis surveillance programs.
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1. Introduction

Brucellosis is an endemic, priority zoonosis of public health im-
portance in many low- and middle-income countries (LMICs) [1-4]. The
disease, caused by some species of the genus Brucella, affects a wide range
of terrestrial and aquatic animals, with suspected evolutionary origins in
wild animals [5]. The need for robust diagnostic tools and methods to
support the routine surveillance of brucellosis in human and animal pop-
ulations has been highlighted as a critical step in One Health control
strategies in Tanzania [6]. Sero-prevalence studies conducted in Tanzani-
an livestock have revealed animal level prevalence of brucellosis varying
from 0.9% [7] to 48% [8] of cattle in cross-sectional and targeted suspect
farms respectively. Sero-prevalence studies in humans have reported
higher prevalences among agro-pastoral (4.2%) and pastoral (58.1%)
communities [9,10] compared to studies conducted in urban and pe-
ri-urban communities.

Twelve species of Brucella, with a range of strain and serotype vari-
ants, have been reported from different geographical areas [11,12]. The
main species transmitted to humans and implicated in clinical illness in-
clude B. melitensis, B. abortus, and B. suis, with a number of studies show-
ing host association of these species with small ruminants, cattle and pigs,
respectively [8,13-15]. The small number of molecular epidemiology
studies of brucellosis conducted in Tanzania have shown B. abortus and B.
melitensis to be the main species affecting livestock and humans [8,14,16].
The identification of Brucella species is critical to the design of control
strategies; the association of multiple hosts with different zoonotic Bru-
cella species indicates the need for vaccination across livestock hosts [6].
The host-pathogen association can also provide information on what an-
imal hosts are principally involved in the transmission of Brucella be-
tween animals and from animals to humans [17,18]. Breaking pathways
of transmission of brucellosis from animals to humans can be achieved
through careful handling of animal products, heat treatment of milk and
use of protective equipment during assisted parturition [19]. Animal to
animal transmission can be reduced by isolation and culling of infected
animals [20]. However, other interventions including routine surveillance
and vaccination are yet to be fully implemented in many resource-limited
settings in the sub-Saharan Africa (sSA) [1-4]. Robust diagnostic tools
that can rapidly detect and speciate Brucella are central to understanding
the epidemiology of brucellosis, thus informing the design of brucellosis
control and elimination strategies in resource-limited settings, where high
burdens of brucellosis has been reported [1,2,4,21].

The Rose Bengal Test (RBT) is the World Organization for Animal
Health (OIE) recommended test to screen for brucellosis in livestock [22].
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91 The RBT is relatively cheap and easy to perform, ideal for testing large
92 numbers of livestock, under field conditions. Serology-based tests offer an
93 overall picture of the herd brucellosis status and can also be used to in-
94 form control measures [23,24]. However, no single serological test has
95 perfect performance in all species and contexts and the OIE recommend
96 that reactivity of samples testing positive in screening tests should be
97 confirmed in many cases using an established confirmatory or comple-
98 mentary strategy [20]. In addition, most serological tests are limited in the
99 inability to distinguish between vaccinated and naturally infected ani-
100 mals and serological tests cannot be used to identify the species of Brucel-
101 la causing infection [23,24].

102 The World Health Organization and OIE recommend the speciation
103 of infectious Brucella species by the PCR-based, molecular characteriza-
104 tion from bacteria isolated on the culture media. PCR-based techniques
105 can also be used for direct detection of Brucella spp. DNA in a range of
106 diagnostic samples [17,19,20]. The performance of these approaches is not
107 well characterized and sensitivity may be low due to the low concentra-
108 tion of bacteria in many samples and low sample volumes tested [20]. The
109 performance of molecular diagnostic assays used may vary depending on
110 the source sample, clinical condition and timing of sample collection,
111 sample preparation as well as the choice of targets used [25,26]. Varia-
112 tions in the performance of molecular diagnostic assays may also be at-
113 tributed to differences in reagent types, reaction platforms, and laborato-
114 ry settings from those previously reported [22,27].

115 The insertion sequence IS711 and the cell surface protein bcsp31 gene
116 targets are common to all species of Brucella, with 1S711 expressed in
117 multiple copies (5 to 7) per genome, depending on the species in question
118 [28]. Assays exploiting the detection of IS711 and besp31 have been widely
119 used, and the combination of IS711 and besp31 targets has been success-
120 fully applied for genus level detection of Brucella spp. across a range of
121 hosts [3,28-32]. For the purpose of species-level identification, an assay
122 targeting alkB and BMEI1162 sequences to distinguish B. abortus from B.
123 melitensis has been applied [3,33]. Real-time PCR techniques can be used
124 in surveillance programs for rapid pathogen detection of Brucella spp.,
125 although these are yet to be routinely applied in Tanzania and many sim-
126 ilar LMICs [34,35].

127 A number of studies conducted in sub-Saharan Africa (sSA) have ex-
128 ploited molecular techniques for the detection of Brucella using whole
129 blood, serum, amniotic fluid, and abortion materials [13,15,36,37]. How-
130 ever, the molecular detection of Brucella in DNA extracted directly from
131 blood clots, a sample type readily accessible and routinely generated by
132 any sero-surveillance work, has been minimally reported in the literature
133 [38]. The goal of this study was to determine the prevalence and species
134 of infecting Brucella in blood clot extracts from animals at a livestock

135 ranch in northwestern Tanzania. The ranch population had a history of
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136 abortions and reduced milk production and brucellosis was suspected in
137 this population.

138 2. Materials and Methods

139 2.1. Study sample populations

140 A total of 501 blood samples were collected from cattle (n=451), goats
141 (n=30), and sheep (n=20) from a ranch in Kagera region, situated in
142 northern Tanzania. The ranch, which comprised 14 cattle herds, one goat
143 and one sheep herd, reported a reduction in milk production and a his-
144 tory of abortions in its cattle herds, suspected due to brucellosis. Alt-
145 hough the 16 herds were separated overnight, all were communally
146 grazed. Assuming a 50% prevalence in the cattle population, a minimum
147 sample size of 365 of the 6,400 cattle present on the ranch was considered
148 sufficient to determine the prevalence of cattle brucellosis with a confi-
149 dence level of 95% and precision of 0.05 [39,40]. To collect blood samples
150 from the cattle population, animals in each of the 14 herds were guided
151 through a crush and every fifth animal was sampled until a maximum of
152 35 animals (minimum of 20) were selected from each cattle herd. Sheep
153 and goat herds were opportunistically sampled-

154 2.2. Sample collection

155 Field sample collection was conducted by ASL, JMA, CM, RMS and
156 RRM. Blood samples were drawn from the jugular vein of animals into
157 plain, plastic 10 ml Vacutainer tubes (BD Vacutainer, UK) and allowed to
158 coagulate at room temperature before being stored on ice in a cool box for
159 transportation to the testing site. Serum for testing with the RBT was de-
160 canted off into 1.5 ml screw cap micro-centrifuge tubes (Thomas Scien-
161 tific,c USA). Both the blood clots and serum were stored in liquid nitrogen
162 for transportation to the testing laboratories.

163 2.3. DNA spiking experiments

164 Spiking experiments and clot manipulation were conducted at the at
165 the Kilimanjaro Clinical Research Institute — Biotechnology Laboratory
166 (KCRI-BL) by ASL, NBA and JSN. For the estimation of the yield of
167 Brucella from blood clots, samples were experimentally spiked with
168 ten-fold serial dilutions of 16M B. melitensis referene strain genomic DNA.
169 Blood was collected from an adult femal goat on two occassions, two
170 weeks apart. At the first instance blood was drawn from the jugularvein
171 of the animal into four ml Vacutainer tubes; with sodium hepatin
172 antiguagulant for culture and plain tubes for serum separation alongside
173 vaginal swabs. The animal was screened for exposure to Brucella by the
174 RBT, qPCR on serum and vaginal swab DNA extracts and also by culture
175 of anticoagulated whole blood and vaginal swab smear. Two weeks later,

176 10ml of blood was drawn and proportioned as follows: four ml blood was
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177 collected into a sodium heparin anticoagulated tube and six ml
178 distributed into 12 plain Vacutainer tubes at 500 ul each. In each plain
179 tube, the blood was mixed with two ul of B. melitensis genomic DNA
180 serially diluted ten-fold down to 1*10° dilution. One tube was not spiked
181 as a negative control for the extraction experiments. All tubes were mixed
182 thoroughly with a pipette and left to stand at room temperature for one
183 hour. Any serum formed was decanted off and both serum and blood clot
184 were stored at -80° C for 5 days before prepartion and extraction.

185 2.4. Clot preparation and DNA extraction

186 DNA was extracted from livestock blood clots using the Qiagen
187 DNEasy extraction kit (Qiagen, Germany) as adapted from the manufac-
188 turer’s instructions. The blood clots were disrupted as adapted from to
189 achieve separation of remnant serum and white cell fractions from the
190 packed red cells [41,42]. Briefly, 400 ul of sterile, distilled water was add-
191 ed to approximately 500 ul of frozen clot volume in the sample collection
192 tube and mixed briefly on a shaker at 4° C for 20 seconds. An additional
193 200 pl of sterile phosphate-buffered saline (PBS) was then added to min-
194 imize haemolysis and the total volume stored upright overnight at 4° C .
195 The next day, the liquid supernatant phase including the white cell layer
196 visible in most samples was separated from the remnant solid clot and an
197 additional 100 ul of PBS added to this liquid phase. The mixture was
198 shaken for 20 seconds on ice then centrifuged at 14,000 g for 10 minutes
199 and the supernatant separated off. This centrifugation step was repeated
200 twice and the final liquid supernatant stored at -20 °C until extraction of
201 DNA. For DNA extraction, the supernatant volume brought to room
202 temperature and vortex mixed. A volume of 250 uL of the sample was
203 digested with 25 uL proteinase K, mixed with lysis buffer, and incubated
204 for 30 minutes at 56° C. After washing and separation steps in spin col-
205 umns, two elution steps of 50 uL each were done. The resultant 100 uL
206 eluate was then stored at -20° C until analysis. Negative controls were in-
207 cluded in each extraction batch.

208 2.4. Brucella spp. detection assays

209 For Brucella spp. detection, the genus-specific assays targeting 1S711
210 and besp31 were set up on a qPCR Rotor Gene 5-plex (Qiagen, Germany)
211 platform as adapted from elsewhere [31,43]. Each sample was tested in
212 parallel with primers for 1S711 and bcesp31. Details of the primer and
213 probe sequences for the genus specific assays are summarised in the sup-
214 plementary Table S1. All reaction mixtures (25 ul) were prepared by
215 mixing 2.5 pl of DNA template with 0.25 uM of the fluorescent probe, 0.5
216 uM of each primer, 12.5 ul of the Quantinova Tag powermix (Qiagen,
217 Germany), and 5 pl of nuclease-free water. All test runs were performed
218 with the following conditions; pre-treatment at 50° C for 2 minutes, pol-

219 ymerase activation and DNA denaturation at 95° C for 10 minutes, fol-
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220 lowed by 45 cycles at 95° C for 15 seconds of denaturation, then one mi-
221 nute of annealing at 57° C. A positive control (B. melitensis 16M) and no
222 template control (nuclease-free water) were included in every run. All
223 samples (including extraction controls) and controls were tested in du-
224 plicate with both IS711 and bcsp31 assays. A test run was classified as
225 valid if amplification was observed for positive controls and no amplifi-
226 cation was observed for the negative controls. All sample extracts that
227 showed amplification and a cycle threshold (Ct) value below 40 in one or
228 both duplicate wells for the IS711 and bcsp31 assays were considered as-
229 say positive. Samples positive in both the IS711 and bcsp31 assays were
230 classified as Brucella spp positive.

231 2.5. Species-specific qPCR detection assays

232 Extracts from all samples classified as Brucella spp. positive were fur-
233 ther tested using the speciation assay. The reaction mixture (25 pL) was
234 run on the Rotor Gene 5-plex platform as adapted from Probert et al. [43].
235 Briefly, 2.5 pL of template DNA was mixed with primers for the alkB tar-
236 get for Brucella abortus, and BMEI1162 target for B. melitensis under run
237 conditions previously reported [43]. Details of the primer and probe se-
238 quences for the Brucella species-specific assays are given in the supple-
239 mentary Table S1. All reaction mixtures (25 pl) were prepared by mixing
240 2.5 ul of DNA template with 0.25 uM of the fluorescent probe, 0.5 uM of
241 each primer, 12.5 pl of the Quantinova Tag powermix (Qiagen, Germany),
242 and 7.5 ul of nuclease-free water. Positive controls (B. melitensis 16M and
243 B. abortus 544 strains) and negative template controls were included in
244 each run. All sample extracts were tested in duplicate and samples that
245 amplified at a cycle threshold (Ct) value below 40 in one or both duplicate
246 wells for a given target were considered positive for B. melitensis
247 (BMEI1162) or B. abortus (alkB).

248 2.6. Serology testing with the Rose Bengal Test

249 Serology testing of livestock samples was done by ASL, JMA, CM and
250 RRM. Serum from all 501 animals was tested with the RBT on site at the
251 time of sampling. The test for cattle sera was run as follows: RBT antigen
252 and serum samples were brought to room temperature and 30 pl serum
253 was mixed with an equal volume of antigen (Rose Bengal antigen,
254 RA-0060, Animal and Plant Health Agency (APHA)-Scientific,
255 Weybridge-UK) on a white tile using a sterile, wooden splint. For sheep
256 and goat sera, an antigen to serum ratio of 1:3 (i.e., 25 pl of RBT antigen to
257 75 pl of serum) was used [22]. Brucella abortus positive control serum
258 (APHA, RAB1003) and Brucella abortus negative control serum (APHA,
259 RAB0701) were included on each plate, as controls. In all cases, the tile
260 was gently rocked at room temperature for four minutes before observing
261 agglutination under natural light. Any sample with visible agglutination

262 was considered RBT positive [44].
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263 2.7. Data analysis

264 The assay run data and corresponding metadata on the samples test-
265 ed were analyzed using the R software [45]. The standard curve for Log
266 concentration against cycle threshold of the spiked clot experiments was
267 plotted using Microsoft Excel. Descriptive statistics were estimated for
268 proportions of animals positive for Brucella spp. and metadata variables.
269 Logistic regression models were run to estimate associations between
270 three qPCR defined outcome variables (Brucella spp. positivity of indi-
271 vidual animals, Brucella abortus positivity and Brucella melitensis positivi-
272 ty) and a set of potential explanatory variables; animal species, sex, RBT
273 result, abortion history and history of retention of placenta. Significant
274 associations were defined by a p-value < 0.05. For each model, maximal
275 models were constructed and then simplified using likelihood ratio tests.
276 The performance and level of agreement (Kappa score) of the Brucella
277 spp. assay was evaluated by cross-tabulation with the RBT results. Data
278 analysis and interpretation were done by ASL, CM, RY, G.M.S, CJK, JEBH
279 and RRK.

280 2.8. Ethical consideration

281 This research was approved by Kilimanjaro Christian Medical Uni-
282 versity College (KCMUCo) Ethics Committee (698), the National Institute
283 of Medical Research Tanzania (NIMR/HQ/R.8a/Vol.IX/3102). All study
284 protocols were carried out in accordance with institutional guidelines and
285 regulations as stipulated in the study approvals. Questionnaire admin-
286 istration and animal sampling was done after obtaining written, informed
287 consent from ranch owners. Test results were fed back to the ranch man-
288 agement and advice on transmission control was provided to the veteri-
289 narians and managers of the ranch.

290 3. Results

291 3.1. Population structure of livestock samples tested

292 The majority of samples, 90.0% (451/501), were collected from cattle,
293 while 6.0% (30/501) were from goats and 4.0% (20/501) were from sheep.
294 Of the samples tested, 96.2% (482/501) came from female animals. Three
295 (0.6%) of the 451 cattle had a reported abortion history, and one (0.2%)

296 had a retained placenta (Table 1).
297
298
299
300

301
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Table 1. Summary of livestock population characteristics and Brucella spp. qPCR results. 95% CI
(95% confidence interval) (N = 501).

o
Variable Level Number tested ng;{u ;‘:}lsl;lﬁsvip('% ) 95% C1
iy Cattle 451 53 (11.8) 8.9 -15.1
Spoctes | G0aIS 30 4(13.3) 3.8-30.7
Sheep 20 1 (5.0 0.1 24.9
Soy  Female 482 58 (12.0) 93-15.3
Male 19 0 (0.0) 0.0-17.6
geos 479 0(0.0) 0.0-7.7
Abortion 8 3 3 (100) 29.2 - 100.0
19 NA NA
(males)
No
. 481 0 (0.0) 0.0-0.7
1;16;2?5: E;S 1 1 (100) 25.0 - 100.0
19 NA NA

(males)

3.2. Extraction and spiking experiments on blood clots

Brucella DNA was detected by both Brucella Spp. qPCR assays in the
serially spiked clots down to the 1*10° dilution aproximately, 6*10e2 fg/ ul
(Figure 2, Supplementary file). All sera separated from the spiked blood
clots also tested positive on both Brucella Spp. assays, while the RBT
screening done on all the spiked clot serum separated was negative. All
tests done to screen the goat for exposure to Brucella were negative,
including the culture on anticoagulated whole blood and vaginal swab
smear.

3.3. Brucella spp. detection by gPCR in livestock blood clot extracts

The overall proportion of animals that tested positive for Brucella spp.
by qPCR detection (IS711 and bcsp31 target positive) in this livestock
population was 11.6% (CI, 8.9 - 14.7). Of the 501 DNA extracts, 58 that
amplified with both the IS711 and bcsp31 targets were classified as Brucel-
la spp. positive. These samples had a mean cycle threshold (Ct) of 34.5
(range 26.3 — 39.9) with the IS711 assay and 37.8 (range 31.9 — 39.9) with
the besp31 assay. Of the Brucella spp. qPCR positive samples, 91.4%
(53/58) were from cattle, 6.9% (4/58) from goats and 1.7% (1/58) were from
sheep. An additional 16 extracts amplified in the IS711 assay alone, while
14 were amplified in the besp31 assay alone. These samples were conser-
vatively classified as negative for Brucella spp. in this analysis. The three
samples (100%) from the animals with a reported history of abortion and
the single animal with a retained placenta were Brucella spp. qPCR posi-
tive (Table 1). The logistic regression modeling showed no significant as-
sociation between any of the three outcomes evaluated (Brucella spp. pos-
itivity, B. abortus positivity and B. melitensis positivity) and the inde-
pendent variables evaluated in this population.
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3.4. Speciation of Brucella in livestock blood clots

The 58 clot extracts classified as Brucella spp. positive were also tested
using the species-specific assays with B. abortus and B. melitensis specific
targets. Of the 58 Brucella spp. positive extracts, 31.0% (18/58) were classi-
fied as positive for the B. abortus target, 38.0% (22/58) were classified as
positive for the B. melitensis target, and the remaining 31.0% (18/58) did
not amplify with either species-specific target. Brucella abortus was de-
tected in 16 (30.2%) of the cattle samples, and two (50.0%) of the goat
samples that were positive for Brucella spp. B. melitensis was detected in
19 (35.8%) of the Brucella spp. positive cattle samples, two (50.0%) goat
samples and one (100.0%) sheep sample. The 18 samples that did not am-
plify in either target for B. abortus or B. melitensis were from cattle blood
clots. All samples (100.0%) from cattle that had abortion history and re-
tained placenta were positive in the B. abortus qPCR assays (Table 2).

Table 2. Summary of the characteristics and speciation of Brucella spp. qPCR positive samples (N =
58).

Speciation assays (%)

Number

Variable  Level tested abortus (alk B) (l;n]‘ellg;;;z) Undetermined
. Cattle 53 16 (30.2) 19 (35.8) 18 (34.0)
g“;‘c‘l‘:sl Goats 4 2 (50.0) 2 (50.0) i
P Sheep 1 0 (0.0) 1 (100) :
Female 58 18 (31.0) 22 (37.9) 18 (31.0)
Sex
Male 0 - - -
RBT Neg 52 15 (28.8) 19 (36.5) 18 (34.6)
Pos 6 3 (50.0) 3 (50.0) 0 (0.0)

. Ne 55 - - -
Abortion p © 3 3 (100) i i
Retained Neg 57 - - -
Placenta Pos 1 1 (100) - -

The mean Ct from the IS711 Brucella spp. detection assay and animal
species of origin of the samples that were characterized by the spe-
cies-specific assays are shown in Figure 1. The IS711 assay Ct range of the
Brucella spp. positive samples that remained undetermined in the specia-
tion assay (26.3 — 39.5) spanned the Ct range of samples that were classi-
fied as B. abortus (30.1 — 37.4) or B. melitensis (26.5 — 39.9) positive across
the different animal host species.
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B. abortus B. melitensis Speciation negative

ﬁ 35 -

- speciation

(Z) B. abortus

'E Lé_] B. melitensis

(&)

% Speciation negative

%

2

-
Calt’.c- GCI'J[S S"é»:-p Ca’(tr) Go.ata S":EC'D .';al‘,'.\»: Gc.::ts. Shv':c-:

356 Livestock Species
357 Figure 1. Box plot of animal species of origin, Ct of the IS711 qPCR assay and result of the Brucella
358 species-specific assays. Extracts that amplified in the B. abortus specific assay are shown in the left
359 panel (red), B. melitensis specific assay in the middle panel (green), while samples that did not am-
360 plify for either of the species-specific targets (speciation negative) are shown in the right most
361 panel (blue). Boxes show the median and interquartile range of the IS711 qPCR Ct values. Points
362 show the observed average Ct values for tested samples.
363
364 3.5. RBT results and cross-tabulation with Brucella spp. gPCR detection assay
365 Of the 501 samples tested, 73 (14.6%) were positive by the RBT. This
366 population of RBT positive animals comprised 95.9% (70/73) cattle, 2.7%
367 (2/73) goats, and 1.4% (1/73) sheep. The proportion of RBT positive sam-
368 ples that were also qPCR positive was 8.2% (6/73). The characteristics of
369 animals tested using the RBT are summarized in Table 3. Out of the 58
370 samples that were qPCR positive, six (10.3%) samples were also positive
371 by the RBT. These six samples were further classified as three (50.0%) B.
372 abortus, and the other three (50.0%), as B. melitensis. The 52 samples that
373 were RBT negative but positive by qPCR were further classified using the
374 species-specific assays as 15 (28.8%) B. abortus positive, 19 (36.5%) B.
375 melitensis positive and 18 (34.6%) remained undetermined.
376
377
378
379
380

381
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Table 3. Summary of livestock population characteristics and RBT test results. 95% CI (95% confi-
dence interval) (N = 501).

Variable Level Numlzg/l;)tested RBT positive (%) 95% CI
Animal Spe- Cattle 451 70 (15.5) 12.3-19.2
cies Goats 30 2 (6.7) 0.8-22.1
Sheep 20 1(5.0) 0.1 —24.8
Sex Female 482 71 (14.7) 11.7-18.2
Male 19 2 (10.5) 1.3-33.1
No 479 2(0.4) 0.05-1.5
Abortion Yes 3 1 (33.3) 0.8-90.6
NA 19 - -
. No 481 1(0.2) 00-1.2
1;;’;2:;;: Yes 1 0(0.0) 0.0-97.5
NA 19 - -

The overall level of agreement between the RBT and Brucella spp.
qPCR for all sampled animals (n=501) was poor (kappa = 0.102). The de-
tails of the cross-tabulation between the RBT and Brucella spp. qPCR as-
says are summarized in Table 4.

Table 4. Cross-tabulation of the RBT against the Brucella spp. assay on livestock samples (N =501).

Brucella spp. qPCR

RBT Negative Positive Total (%)
Negative 376 52 428 (85.4)
Positive 67 6 73 (14.6)

Total 443 (88.4) 58 (11.6) 501 (100)

Kappa score 0.102

4. Discussion

This study sought to determine the prevalence and species of infect-
ing Brucella spp. using blood samples from livestock on a ranch situated
in northern Tanzania. The overall proportion of animals positive by Bru-
cella spp. qPCR was 11.6%. The proportion of Brucella spp. positive ex-
tracts in cattle was 11.8%, goats was 13.3% and sheep was 5.0%. Spe-
cies-specific qPCR assays used to detect B. abortus and B. melitensis specif-
ic targets in genus positive extracts revealed B. abortus positive samples
collected from cattle and goats while B. melitensis was detected in all three
livestock species. The overall proportion of animals that were RBT posi-
tive in this population was 14.6% with 15.5% in cattle, 6.7% in goats, and
5.0% in sheep. There was poor agreement (kappa = 0.102) between the
Brucella spp. infection status of animals as indicated by the qPCR assays
on blood clot extracts and RBT on serum collected from the same animals.

This study exploited blood clots for DNA extraction and Brucella spp.
detection. There have been very few reports of studies using this sample
type for Brucella detection by molecular assays to date [38]. The direct ex-
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407 traction of DNA from blood clots, as explored in this study, presents a
408 means to exploit a commonly generated sample type that is often other-
409 wise discarded. Livestock health surveillance programs routinely collect
410 blood samples to determine exposure to or detection of multiple patho-
411 gens and could thus exploit the residual blood clots for Brucella testing as
412 demonstrated in this study. Blood clots have been reported to give poor
413 yield (low sensitivity) with bacterial isolation [46]. The reported low sen-
414 sitivity Brucella detection from clots has been attributed to the typically
415 short bacteremia caused by Brucella early in infection and at varying
416 points during the course of untreated illness [46]. Future studies could
417 focus on the quantification and optimization of different extraction tech-
418 niques from blood clots, for the detection of Brucella DNA.

419 The findings of this study indicate higher proportions of blood clots
420 testing positive by qPCR for Brucella spp. detection than might be ex-
421 pected from these previous studies. In this study, there were similar pro-
422 portions of samples positive by the RBT (14.6%) and the Brucella spp.
423 qPCR assays (11.6%). However, only six samples were positive in both
424 assays. This observation of poor correspondence between these two di-
425 agnostic approaches has been reported in previous studies [34,47] and
426 emphasizes the difference in information on infection status obtained by
427 antibody detection with serological tests compared to DNA detection by
428 molecular assays. In contrast to the findings of this study, a previous
429 study in humans showed RBT positivity to be a statistically significant
430 predictor of animal level positivity by the same Brucella spp. qPCR assays
431 used in this study in mixed livestock and human ecosystems, although
432 there were also discordant samples [15]. In combination, these findings
433 suggest that serological and molecular assays for Brucella spp. detection,
434 as used in this study, provide distinct and complementary information on
435 individual exposure and infection status [48]. Serological status provides
436 information on the past exposure of animals to Brucella, while the qPCR
437 provides information on the presence and species classification of Brucella
438 DNA in host tissues [49]. The interpretation of the results obtained from
439 qPCR techniques directly applied to clinical and field samples to under-
440 stand animal infection status remains unclear to date. DNA detection
441 does not necessarily mean detection of viable Brucella in a sample matrix
442 [50]. It is plausible that the level of agreement seen between the results of
443 these different diagnostic approaches might vary based on the time
444 course of infection in the sampled population. The population investi-
445 gated for this study was selected based on the suspicion of brucellosis on
446 the ranch. All samples that were collected from individual animals with a
447 reported history of abortion and retained placenta tested positive by the
448 Brucella spp. qPCR assays although not all were positive by the RBT (Ta-
449 ble 1). Potentially, the animals testing qPCR positive and not also RBT
450 positive were sampled early in the time course of infection, when the

451 presence of Brucella DNA in the bloodstream is most likely and before the
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452 development of antibodies detectable by RBT. Potentially, the animals
453 positive by RBT and not also positive by qPCR may represent animals
454 sampled later in the time course of infection, when the probability of de-
455 tection of Brucella DNA in the bloodstream has declined but antibodies
456 persist. One potential advantage of qPCR based assays for brucellosis
457 case detection lies in their ability to detect DNA present in the blood-
458 stream much earlier after infection than antibody development, making
459 qPCR based diagnostics potentially more sensitive to detect early evi-
460 dence of infection [49]. Although not exhaustively characterized, it is
461 likely that antibodies against Brucella persist for long periods
462 post-infection in livestock [51]. Antibody detection by serology and DNA
463 detection by molecular diagnostic approaches may both give accurate in-
464 dications of brucellosis exposure, but show poor agreement between the
465 test results at animal level due to variation in the time course of infection
466 within the sampled population and variable performance of these diag-
467 nostic approaches at different stages of infection. There have been very
468 few studies to rigorously document the results of qPCR based Brucella
469 spp. detection in different sample types over the course of infection in
470 different species [48]. The performance and interpretation of qPCR assay
471 results from different sample types when used alongside classical serolo-
472 gy and bacteriological techniques still requires further investigation.

473 Seventy-three (14.6%) of the samples collected from the animals in
474 this study were positive by the RBT screen test. This observed proportion
475 is comparable to previously reported sero-prevalences obtained in Kagera
476 region [14] and other parts of Tanzania using the RBT [8,15,52,53]. The
477 Brucella spp. qPCR assay indicated Brucella detection in 11.6% of the sam-
478 pled animals and species-specific classification of positive samples was
479 achieved for 40 of these 58 samples (Table 2). Diagnostic assays that dis-
480 tinguish between infecting Brucella species can provide data that cannot
481 be obtained using serological tests [27,54], but could be crucial in guiding
482 decision-making processes for brucellosis control strategies [6,17,55]. The
483 findings of this study therefore indicate the potential benefits of enriching
484 serological surveillance data on brucellosis with the additional infor-
485 mation that can be obtained using molecular diagnostics [48].

486 The Brucella species-specific assays utilized in this study detected B.
487 abortus and B. melitensis [43] in samples positive by the Brucella spp. qPCR
488 assays. Over 30% of the Brucella spp. positive samples were not positive
489 in either of the species-specific assays. Previous studies from the region
490 that have exploited the same assays observed similar patterns in terms of
491 the proportion of samples that were species typed [15,36]. The inability to
492 identify the Brucella species for all genus level positive samples could be
493 due to the lower sensitivity of the IS711-based downstream targets for B.
494 abortus and B. melitensis as compared to the genus level assay (with am-
495 plification of both IS711 and bcsp31 targets). In this study, the IS711 assay

496 Ct ranges for samples that were not classified by the species-specific as-
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497 says overlapped the Ct range of samples that were classified as either B.
498 abortus or B. melitensis. This could imply that in some cases at least the
499 lack of amplification in either species-specific assay may not be due to the
500 quantity or quality of DNA in the clot extracts. It is also plausible that
501 other species of Brucella that would be detected in the Brucella spp. assay
502 [8,43,56] but not the B. abortus and B. melitensis specificassays were pre-
503 sent in this study population. This observation indicates the need for fur-
504 ther investigation and genomic characterization of Brucella species and
505 strains present in the region and assessment of the performance of diag-
506 nostic assays for these strains. In this study population, Brucella abortus
507 was detected in cattle and goat samples while B. melitensis was detected
508 in all three livestock species. Studies conducted previously in Tanzania
509 and Kenya utilizing the same Brucella qPCR assays have also detected B.
510 abortus and B. melitensis among different livestock hosts as well as wildlife
511 species [13,15,36].

512 This study had a number of limitations. The low number of Brucella
513 spp. positive samples limited the exploration of associations between
514 qPCR outcomes and the livestock characteristics observed, including the
515 animal host association with different species of Brucella. The Brucella
516 speciation assay used in this study was limited to the classification of B.
517 abortus and B. melitensis and could not detect any other Brucella species
518 that may be present in this population. Only limited clinical data were
519 available for the animal population investigated. Finally, the use of addi-
520 tional serological assays to compare with the RBT results and application
521 of qPCR based approaches to other sample types to enable cross compar-
522 ison of diagnostic findings at the animal level was beyond the scope of
523 this study.

524 This study has demonstrated the use of qPCR assays to reveal Brucella
525 spp. infection using blood clots collected from common livestock hosts of
526 public health importance. Speciation of Brucella spp. positive samples de-
527 tected Brucella abortus in cattle and goats while B. melitensis was detected
528 in all three livestock species. There was poor agreement between RBT and
529 Brucella spp. qPCR assay results. The findings from this study show po-
530 tential for the use of blood clots in the detection and speciation of Brucella
531 in livestock using molecular methods. The study findings also indicate
532 the need for further evaluation of the performance of qPCR based and
533 serological testing approaches when used in combination, with the poten-
534 tial to improve understanding of brucellosis epidemiology and thus im-
535 prove brucellosis surveillance and control programs in much of sSA.

536 Supplementary Materials: The following supporting information can be downloaded at:
537 www.mdpi.com/xxx/s1, Table S1: Summary of the primer and probe sequences for the Brucella
538 spp. and species-specific qPCR targets.
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