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Detection and Experimental Transmission of a
Novel Babesia Isolate in Captive Olive Baboons
(Papio cynocephalus anubis)

Mason V Reichard,'” Kristene M Gray,' Ronald A Van Den Bussche,? Jean M d’Offay,’
Gary L White,® Christine M Simecka,! and Roman F Wolf?

Babesia spp. are tick-transmitted apicomplexan hemoparasites that infect mammalian red blood cells. Our purpose was
to determine the prevalence of Babesia infection in a colony of captive baboons and to evaluate potential experimental
routes of the transmission of the hemoparasite. DNA was extracted from the blood of baboons and tested for infection with
Babesia by PCR and primers that amplify the 18s rRNA gene of the parasite. The overall prevalence of infection of Babesia
in the baboon population was 8.8% (73 of 830). Phylogenetic analysis of the sequenced DNA from 2 baboons revealed that
the Babesia isolate found in captive baboons was a novel species most closely related (97% to 99%) to B. leo. Blood from
a Babesia-infected donor baboon was inoculated intravenously, intramuscularly, or subcutaneously into 3 naive baboons.
The intravenously inoculated baboon was PCR-positive at 7 d after inoculation; the 2 baboons inoculated by other routes
became PCR-positive at 10 d after inoculation. All 3 baboons remained PCR-positive for Babesia through day 31. Baboons
experimentally inoculated with the new Babesia isolate did not exhibit clinical signs of babesiosis during the experiments.
We demonstrated that captive baboons are infected with a novel Babesia isolate. In addition we showed that Babesia can be
transmitted in the absence of the organism’s definitive host (ticks) by transfer of infected blood through intravenous, intra-

muscular, and subcutaneous routes to naive baboons.

Babesia spp. are apicomplexan hemoprotozoan parasites trans-
mitted to mammals through the bite of an infected ixodid (that
is, hard) tick. Sporozoites of Babesia spp. are transferred to an
appropriate mammalian host with the saliva of the tick. Once in-
side their mammalian host, sporozoites enter RBC and undergo
asexual reproduction through binary fission. When inside RBC,
Babesia spp. often are called piroplasms due to their piriform
(that is, pear-shaped) and ‘signet ring” appearance (Figure 1).
Babesiosis can range from subclinical infection to hemolytic ane-
mia, persistent fever, and lethargy in vertebrate hosts. Clinical
infections of Babesia spp. have been reported as complications
in immunocompromised baboons."® In a xenotransplantation
study,® a baboon (Papio cynocephalus anubis) obtained from the
breeding colony at our institution received a pig heart. After a
course of immunosuppressive therapy and approximately 5 wk
after the transplant, the baboon became lethargic, developed a
fever (39.3 °C, 102.9 °F), had a maximum of 39,000 WBC/mm?,
and became anemic with hematocrit levels dropping to around
20%. Based on the morphology of the piroplasm and DNA
sequencing, the immunosuppressed baboon was diagnosed as
being infected with Babesia microti.5

The purpose of the current study was to determine the
prevalence of Babesia infection in baboons in our colony, phy-
logenetically compare the 18s rDNA sequences from infected
baboons with orthologous sequences published in GenBank,
and ascertain whether Babesia can be transmitted experimentally
through the transfer of contaminated blood among baboons
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without the definitive host (ticks). We found that 8.8% (73
of 830) of baboons in the conventional breeding colony were
infected with Babesia. Phylogenetic analyses showed that the
Babesia isolate in the colony baboons is novel and most closely
related to B. leo. We further demonstrated that the novel Babesia
isolate could be transmitted experimentally by the intravenous,
intramuscular, and subcutaneous routes.

Materials and Methods

Experimental design. Captive adult and juvenile olive baboons
were used in the present study. PCR using primers that am-
plify the 18s rRNA gene of Babesia spp. was used to determine
the prevalence of Babesia infection within the population of
baboons in the conventional breeding colony. The 18s rDNA
PCR products from Babesia-infected baboons were sequenced
and phylogenetically compared with orthologous sequences
of piroplasms published in GenBank. Blood from a baboon
confirmed infected with the new Babesia isolate was inoculated
into 3 baboons by intramuscular, intravenous, or subcutaneous
injection.

Animal housing and husbandry. All baboons were housed and
cared for according to the standards detailed in the Guide for the
Care and Use of Laboratory Animals.'! Protocols for maintenance
of the baboon colonies were approved by the University of
Oklahoma Health Sciences Center Institutional Animal Care
and Use Committee. Baboons in the breeding colony were
housed in corrals, with approximately 80 animals per corral.
Each corral had an open-air outdoor pen as well as an indoor
area. Adult baboons housed at the Comparative Medicine annex
originated from the breeding colony and were housed separately
in approved cages. Cages are designed so feces and urine can
pass through the bottom. Rooms where the animals are housed
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Figure 1. Blood smear from baboon IVBab at 10 dpi. The signet-shaped
piroplasm is indicated by the arrow. Diff-Quik (Dade Behring, Deer-
field, IL) stain; bar, 10 um.

are cleaned twice daily. Baboons were fed Primate Diet 2055
(Harlan, Indianapolis, IN) as well as fresh fruit, vegetables, trail
mix, and dry cereal.'” Potable water was available ad libitum
from automatic waterers.

Specimens. Blood samples were collected from individual
adult and juvenile olive baboons housed at the conventional
colony. Baboons were anesthetized by using ketamine (5 to
10 mg/kg IM; Fort Dodge, Fort Dodge, IA), and blood was
drawn from either the femoral region or the forearm. Blood was
collected every 6 mo from spring 2007 through spring 2008 at
the time of the semiannual health check and tuberculosis test.
Samples were transported back to Oklahoma State University
on ice, processed within 1 to 2 d, and stored at —20 °C.

DNA extractions. DN A was extracted from blood samples by
using DNeasy Blood and Tissue Kit (Qiagen, Valencia, CA) ac-
cording to manufacturer’s instructions. Briefly, 20 uL proteinase
K was added to 200 pL anticoagulated blood, 200 pL Buffer AL
was added to each sample, and the tubes were mixed thoroughly
by vortexing and incubated at 56 °C for 10 min. After incubation,
200 pL 100% ethanol was added, and samples were vortexed.
This mixture was pipetted into DNeasy spin columns placed
in 2-mL collection tubes, centrifuged at 6000 x g for 1 min, and
collection tubes discarded. Each spin column was placed in a
new 2-mL collection tube, 500 uL buffer AW1 was added, and
tubes were centrifuged again at 6000 x g for 1 min. The spin
column again was placed in a new collection tube, 500 uL of
buffer AW2 added, and tubes centrifuged for 3 min at 20,000 x g.
The spin columns were placed in clean 1.5-mL microcentrifuge
tubes, and 200 pL PCR-grade water warmed to 56 °C was added
directly to the membrane. The samples were incubated at 56 °C
for 1 min and centrifuged at 6000 x g for 1 min to elute DNA.
The elution step was repeated with another 200 uL of warm
PCR-grade water for maximal DNA yield. DNA was stored at
—20 °C until analyzed by PCR.

PCR assay. An approximately 1700-bp product of the Babesia
18s rDNA region was amplified by PCR using primers BabAF
and BabAR (Table 1). Amplifications were performed in 25-uL
volumes containing 0.25 U Tag polymerase (Promega, Madison,
WI), 2.4 uL. 10x Taq buffer (Promega), 1.5 uL. 25 mM MgCl,, 2 uLL
10 mM dNTP mixture (Promega), 0.5 uL of a 40-puM solution of
each primer, and 5 pL template DNA. For the primary reaction,
there was an initial denaturation at 94 °C for 5 min, followed by
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35 cycles of denaturation for 1 min at 94 °C, 1 min for annealing
at 56.6 °C, and extension for 2 min at 72 °C. To ensure reactions
had gone to completion, a final extension cycle was run at 72
°C for 5 min. A nested PCR reaction was run with 1 uL of the
primary PCR product (all other reagents and quantities were
the same as used in the primary reaction), and a 460- to 520-bp
fragment was amplified by using primers RLBF and RLBR (Table
1). The nested protocol consisted of an initial denaturation at
94 °C for 5 min, followed by 35 cycles of denaturation at 94 °C
for 1 min, annealing at 50 °C for 1 min, and extension 72 °C for
2 min, followed by the final extension cycle of 72 °C for 5 min.
Primers used were previously described.”'* PCR was carried
out in an Eppendorff thermocycler (Eppendorf, Westburg, NY).
Amplified products (10 uL) were separated on 1.5% agarose gels
stained with ethidium bromide and observed under UV light.

Purification and sequencing. Nested PCR products were pu-
rified by using the Wizard SV Gel and PCR Clean Up System
(Promega) and sequenced at the Oklahoma State University
Recombinant DNA-Protein Research Facility (Stillwater, OK)
by using an automated DNA sequencer (model 373, Applied
Biosystems, Foster City, CA). Three sets of forward and reverse
sequencing primers (Table 1) were used to obtain overlapping
sequences on both strands of the 18s rDNA. To confirm that
each baboon with a positive PCR assay result was infected
with Babesia, the nested PCR product was sequenced by using
the reverse primer.

Phylogenetics analysis. Sequences were aligned using Clus-
talW2 option in Geneious Pro 4.6.1.4?? For visual inspection
and to determine hypervariable regions of the multiple se-
quence alignment that potentially violated the assumption of
positional homology, aligned sequences were imported into
MacClade.’® To compare phylogenetic affinities of the Babesia
isolate from baboons with other known sequences of Babesia
spp. and orthologous sequences of related taxa (Figure 2), we
performed phylogenetic analyses under the criteria of maxi-
mum parsimony and maximum likelihood by using PAUP?!
and Bayesian phylogenetics by using MRBAYES.!? Clades were
considered strongly supported if bootstrap values of at least
70% and Bayesian posterior probabilities of at least 0.95 were
obtained in at least 2 of the 3 analyses.

For maximum parsimony, stability of clades was evaluated
by performing 1000 bootstrap pseudoreplicates with 25 random
additions of input taxa and tree-bisection—reconnection branch-
swapping. Prior to maximum likelihood analysis, jModelTest
was used to determine the model of DNA sequence evolution
that best fit the data.®!¢ The GTR + I + T model of evolution
was chosen with the following parameters: base frequencies
=0.2647, 0.2007, 0.2561, 0.2785; nst = 6; Rmat = 0.9028, 1.8402,
0.9916, 0.4458, 3.8929; rates = I with shape parameter (o) =
0.6290, and proportion of invariant sites = 0.5551.%1¢ Stability of
clades on the resulting tree was evaluated by using a bootstrap
analysis with 100 replications and nearest-neighbor interchange
branch-swapping. Bayesian analysis was performed by using
the GTR + I+ I'model. Four simultaneous Markov chains were
run for 5,000,000 generations with random, unconstrained,
starting trees. Trees were sampled every 500 generations, with
a ‘temperature’ set at 0.02. Finally, percentage sequence diver-
gence calculated by using the GTR + I + I" model of sequence
evolution was computed within and among supported clades.

Inoculation of baboons with Babesia. Five adult baboons were
used for experimental transmission of Babesia. An adult baboon
(donor) identified as being infected with the baboon Babesia
isolate through PCR and DNA sequencing (as described earlier)
was used as the source of infection. Three baboons tested by
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Table 1. Oligonucleotides used to amplify and sequence the 18s rRNA gene of Babesia from baboons.

Primer Primer sequence (5" — 3') Reference
BABAF CCG AAT TCG TCG ACA ACC TGG TTG ATC CTG CCA GT 14
BABAR CCC GGATCC AAG CTT GAT CCT TCT GCA GGT TCA CCT AC 14
RLBF GAG GTAGTG ACAAGA AAT AAC AAT A 7
RLBR TCT TCG ATC CCC TAACTIT TC 7
BSP1F TGG CTT ATT CGG ATT CGT CGC TCT Current study
BSP1R CGC GCA AAT TAC CCAATC CAG ACA Current study
BSP2F ATG GCC GTT CTT AGT TGG TGG AGT Current study
BSP2R CAT CCT TGG CAA ATG CTT TCG CAG Current study
BSP3F AAG CGC TGT GAA CCC TAT CAC TCT Current study
BSP3R TGG CTT ATT CGG ATT CGT CGC TCT Current study

Sequence GenBank identification Sequence GenBank identification

Toxoplasma gondii L37415 Babesia odocoilei AY661502

Neospora spp. U17345 Babesia gibsoni AF205636

Babesia leo AF244911 Babesia canis canis AY072926

Babesia spp. AF244913 Babesia canis vogeli AY072925

Babesia leo AY452708 Babesia canis rossi L19079

Babesia spp. ‘Baboon” FJ897741 Babesia caballi AY309955

Babesia spp. ‘Baboon’ GQ225744 Babesia bigemina X59604

Babesia spp. ‘Baboon’ AF081465 Babesia ovis AY150058

Babesia felis AY452706 Babesia ovis AY150058

Babesia felis AF244912 Theileria annulata M64243

Babesia spp. 'Spanish dog' EU583387 Theileria parva L02366

Babesia spp. 'Spanish dog' AF188001 Theileria taurotragi L19082

Babesia microti AY693840 Theileria cervi AY735117

Babesia microti AB190459 Theileria buffeli Z15106

Babesia microti AF231348 Theileria equi 715105

Babesia microti AB085191 Cytauxzoon felis L19080

Babesia microti U09833 Cytauxzoon manul AY485690

Babesia rodhaini AB049999 Theileria youngi AF245279

Babesia rodhaini DQ641423 Babesia conradae AF158702

Babesia rodhaini M87565 Piroplasmida gen. spp. WA1 AF158700

Babesia divergens U16370 Piroplasmida gen. spp. CAl AF158703

Figure 2. Known sequences of Babesia species and orthologous sequences of related genera from GenBank.

PCR for infection with Babesia were determined to be negative
and used as principals for experimental transmission. Each
baboon received 1 mL EDTA-anticoagulated blood from the
donor baboon intravenously, intramuscularly, or subcutane-
ously. A fifth baboon served as an uninfected control and did
not receive blood from the Babesia-infected donor baboon. Blood
was collected from the principal and control baboons on days 0,
3,7,10,14, 17,21, 24, and 31 after inoculation for PCR analyses
as described earlier.

Statistics. 2 tests?® were performed to determine differ-
ences in the prevalence of Babesia infection among age groups
(younger than 4y, 5 to 10 y, 11 to 20 y, and 21 y or older), sex,
and housing corrals (northeast, northwest, southeast, and
southwest). Analyses were performed by using SigmaStat 3.1
statistical software package (Systat Software, Point Richmond,

CA). P values of 0.05 or below were considered statistically
significant.

Results

Prevalence of Babesia infection. Overall, the prevalence of
infection with Babesia (Figure 1) within the baboon breeding
colony was 8.8% (73 of 830). Spring 2007, the first sample period,
showed the highest prevalence (12.6%, 34 of 269) of Babesia infec-
tion among the breeding population (Table 2), compared with
fall 2007 (8.2%, 23 of 281) and spring 2008 (5.7%, 16 of 280; y2 =
8.31,df =2, P =0.01). There was no difference in the prevalence
of Babesia infection between male and female baboons during
any of the collection periods (Table 2). However, there was a
significant difference (x?2=23.21,df =4, P <0.0001) among age
groups for all 3 test periods (Table 3). Adult baboons 11 to 20
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Table 2. Prevalence of the novel Babesia isolate according to sex and housing corral of baboons

Total no. of ba- Northeast Northwest Southeast Southwest

Sample period boons Sex corral corral corral corral Prevalence

Spring 2007 269 (34) Male 15 (4) 20 (3) 11 (1) 16 (0) 12.60%
Female 58 (11) 50 (11) 49 (4) 50 (0)

Fall 2007 281 (23) Male 15 (1) 20 (4) 11(1) 16 (0) 8.20%
Female 60 (3) 52 (8) 51 (5) 56 (1)

Spring 2008 280 (16) Male 9(0) 14 (2) 6 (0) 15 (0) 5.70%
Female 56 (3) 45 (5) 54 (6) 65 (0)

Numbers in parentheses are the numbers of baboons that tested positive for Babesia.

Table 3. Numbers of baboons tested and infected with the novel Babesia isolate within the Oklahoma breeding colony according to age and

housing corral

Total no. of ba-

Sample period boons Age (y) Northeast corral Northwest corral Southeast corral Southwest corral
Spring 2007 269 (35) <4 35(1) 27 (0) 26 (1) 20 (0)
5-10 19 (7) 28 (6) 18 (1) 18 (0)
11-20 5(3) 9(5) 8(2) 22 (0)
>21 1(1) 1(1) 2(0) 0
unknown 5(3) 8(3) 8(1) 9(0)
Fall 2007 281 (23) <4 40 (0) 28 (1) 28 (0) 22 (0)
5-10 19 (3) 26 (3) 18 (1) 18 (0)
11-20 4(1) 7 (6) 10 (4) 22 (1)
>21 1(0) 1(1) 2 (0) 0
unknown 5(0) 8(2) 7 (0) 9(0)
Spring 2008 280 (16) <4 34 (0) 28 (0) 29(0) 26 (0)
5-10 21(2) 25(3) 21(2) 21 (0)
11-20 12 (1) 7 (3) 11(4) 24 (0)
>21 1(0) 2(0) 2(0) 0
unknown 0 4 (1) 3(0) 9 (0)

Numbers in parenthesis are number of baboons positive for Babesia.

y old showed the highest prevalence of infection with Babesia
(Table 3). According to housing areas, the northeast corral had
the highest prevalence of the 4 different corrals (x> = 17.95, 3 df,
P <0.001) in spring 2007, but the northwest corral had the higher
prevalence (%> =14.2,3 df, P = 0.01) in fall 2007; in spring 2008,
there was no significant difference among the 4 housing corrals.
Repeat sampling. Over the 1-y time during which the present
study took place, samples were collected 3 times from each
animal. There were 7 individual baboons that remained posi-
tive for Babesia over the course of the study. Eight baboons that
tested positive in the spring of 2007 tested negative in fall 2007
and spring 2008. One baboon was positive for Babesia during the
spring 2007 sampling, but that same animal tested negative 6 mo
later, in the fall of 2007. Six months later (spring 2008), the ba-
boon again tested positive. When we compared the prevalence
of Babesia infection among the 3 sampling periods (Table 2), the
prevalence of infection appeared to be decreasing. However, 3
baboons were negative for Babesia infection during the first test
sampling but were positive during fall 2007 and spring 2008.
Phylogenetic analysis. Alignment of 18S rDNA sequences for
the 40 ingroup and 2 outgroup taxa resulted in 1745 aligned
positions. Of these, 286 occurred in hypervariable regions and

were excluded from all phylogenetic analyses because they pos-
sibly violated the assumption of positional homology. Maximum
parsimony analysis resulted in 32 equally parsimonious trees of
597 steps (consistency index excluding uninformative characters
= 0.5796; retention index = 0.8408). Bootstrap analysis revealed
21 clades supported in at least 70% of the bootstrap iterations.
Maximum likelihood analysis under the GTR + I + I" model of
nucleotide substitution produced a single optimal tree (score =
-5870.278), and bootstrap analysis revealed 18 clades supported
in at least 70% of the bootstrap iterations. Bayesian analysis
reached stationary at 5000 generations and revealed 21 clades
supported with a posterior probability of at least 0.95. Figure 3
shows the results of the Bayesian phylogenetic analysis, along
with maximum parsimony and maximum likelihood bootstrap
results.

Results of Bayesian, maximum likelihood, and maximum
parsimony analyses were concordant in documenting 2 large,
strongly supported clades, with each clade consisting of several
strongly supported polytomys (Figure 3). In addition to contain-
ing the Babesia isolate obtained from baboons, clade I consists of
representatives of B. leo, B. felis, B. microti, and B. rhodaini. Clade
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Figure 3. Phylogenetic relationships among species of Babesia. Numbers above clades are Bayesian posterior support, maximum likelihood, and
maximum parsimony bootstrap support values, respectively.
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2 contained representatives of 8 additional species of Babesia as
well as representatives of Cytauxzoon and Theileria.

Although not supported based on bootstrap or Bayesian
analyses, all 3 methods of phylogenetic analysis produced a
tree topology of Babesia ‘baboon’ that was sister to the clade of
B. leo. Further support for the closer phylogenetic affinities of
the Babesia-positive baboon sequences to B. leo than B. microti
comes from comparisons of corrected percentage sequence di-
vergence. Corrected percentage sequence divergence between
Babesia ‘baboon” and B. leo is 0.94% whereas the comparison of
Babesia ‘baboon” and B. microti is 1.19%. Taken together, these
data support the conclusion that the Babesia isolate in captive
baboons is most likely not a member of B. microti and likely
represents an undescribed species of Babesia most closely re-
lated to B. leo. Two sequences of the novel Babesia isolate from
baboons in the present study were designated BabBabesiaSeq1
and BabBabesiaSeq2, were submitted to GenBank, and given
accession numbers of FJ897741 and GQ225744, respectively.

Experimental transmission. Baboons inoculated intravenously,
intramuscularly, or subcutaneously with 1 mL whole blood from
the donor baboon each became infected with Babesia (Table 4).

The baboon inoculated intravenously became PCR-positive
for Babesia on day 7 after inoculation, whereas those inocu-
lated intramuscularly or subcutaneously were PCR-positive
beginning on day 10 after inoculation. All of these baboons
remained PCR-positive for Babesia through day 31, when the
study ended. None of the experimental baboons exhibited any
clinical signs of babesiosis. The control baboon did not become
infected with Babesia.

Discussion

Infections of Babesia in captive baboons typically are reported
as being complications in immunocompromised animals. In one
report,! 2 baboons demonstrated acute hemolytic crises due to
infection of a B. microti-like piroplasm after experimental stem
cell transplantation. Other authors® reported anemia, leuko-
cytosis, fever, and anorexia due to infection of baboons with
B. microti after heart transplantation and immunosuppressive
therapy.

Asurvey of 65 baboons housed at a Regional Primate Research
Center revealed 20 (31%) baboons subclinically infected with
Babesia.! Of the 65 baboons surveyed, 23 originated within the
facility’s breeding colony, 26 were from an out-of-state breeding
facility, and 16 were imported from Africal Through sequencing
of a 500-bp 5 portion of the nuclear single-stranded rDNA and
phylogenetic analysis, the authors deduced that a Babesia isolate
found in one of their baboons was 97.9% similar to B. microti.!

In the current study, we found that the prevalence of Babesia
within our facility’s baboon breeding colony averaged 8.8%,
with no significant difference between male and female baboons.
Prevalence of Babesia infection differed among age groups, with
baboons 11 to 20 y old being most likely to be infected with
Babesia. Throughout the 3 sampling periods over 1 y, most of
the baboons that were infected maintained their infection and
were still infected a year later. Eight baboons initially tested
positive but later tested negative on the next 2 samplings.
These baboons may have cleared their infections, or perhaps
they represented false-positive results, which could have been
due to errors in sample collection, DNA extraction, or PCR as-
says. Three baboons that tested positive for Babesia during the
second and third sampling periods were negative for Babesia
during the first sampling.

Although the phylogenetics of piroplasmids have been
studied in depth,? little is known regarding Babesia spp. found

Babesia in baboons

Table 4. PCR results of baboons inoculated with Babesia spp.

Route
No. of days after inoculation Iv. IM SC

0 _ _ _ _
3 _ _ _ _
7

10
14
17
21
24
31

Control

+ o+ o+ o+ o+ o+ o+
+ o+ o+ o+
+ o+ o+ o+

I

in captive or wild baboons. Previous reports of Babesia spp. of
captive baboons indicated that the piroplasms were B. microti®
or most similar! to B. microti. Here we report a novel species
of Babesia in colony-reared baboons. The 18s rDNA Babesia se-
quences we obtained from 2 captive baboons were most similar
to B. leo, which is a piroplasm of African lions.!® Our facility’s
breeding colony includes wild-caught baboons that were im-
ported from Africa. We speculate that some of these wild-caught
baboons were infected with the novel Babesia isolate when they
were captured. For example, one of our baboons that yielded a
novel Babesia sequence was a wild-caught 14-y-old female from
Africa; another animal that yielded sequence from the novel
isolate was a 7-y-old male that had been born in our facility’s
breeding colony.

One previously reported baboon with babesiosis® was born in
our facility’s breeding colony and then shipped to the authors’
institution, where the transplantation study occurred. The
authors of the cited study?® stated that the baboon was infected
with B. microti and that the baboon almost certainly carried the
parasite when admitted to their clinic. However, the authors
did not publish their sequencing data to allow independent
analyses to confirm or refute their taxonomic identification of
B. microti. In our study, we found a novel species of Babesia in
our baboon colony. The novel species of Babesia in the baboons is
more closely related to B. leo than B. microti. In the United States,
B. microtiis most prevalent in the northeastern and north central
regions of the country.?® B. microti is a piroplasm of rodents
and can be transmitted to humans by the bite of infected Ixodes
scapularis (black-legged tick or deer tick). B. microti is considered
an emerging infectious agent of humans because of increased
contact with ticks and reservoir hosts.!8

Babesia spp. are found throughout the world and usually are
transmitted to vertebrate hosts by ixodid (that is, hard) ticks.
However, the habitat conditions (for example, sandy ground,
no live foliage, concrete floors) under which the baboons are
housed at our facility’s breeding colony, as well as the social
grooming behavior among baboons, are not conducive to
maintaining tick populations. For a related piroplasm, B. gib-
soni in dogs, it has been postulated that the hemoparasite can
be transmitted and maintained in dog populations without
an ixodid vector by blood-to-blood contact through fighting
among dogs.!>?* Baboons in our breeding colony frequently
fight to determine and maintain dominance. In addition in the
current study, we demonstrated iatrogenic transmission of the
novel Babesia isolate through intravenous, intramuscular, and
subcutaneous routes of inoculation. We speculate that Babesia
can be transmitted among baboons within the colony through
infected blood during fights. Passage of contaminated blood
during fighting has also been proposed for the transmission of
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simian T-lymphotrophic virus 1 among baboons in this same
captive breeding colony.?

In addition, vertical transmission of B. gibsoni from an infected
dam to offspring may also be possible.® We found that baboons
11 to 20 y of age had the highest prevalence of infection (21.3%;
30 of 141), whereas only a few (0.9%, 3 of 343) baboons 4 y or
younger were infected with Babesia. Because few immature and
young baboons were infected with Babesia spp. in our colony,
we speculate that vertical transmission does not play a major
role in the transmission of the hemoparasite. However, more
rigorous investigation with controlled studies will be neces-
sary to determine the role of vertical transmission of Babesia
in our colony.

Here we report a novel species of Babesia that infects captive
baboons in our facility’s breeding colony. The novel Babesia
isolate is most closely related to a B. leo from African lions.
The prevalence of Babesia within the baboons colony was
relatively low, averaging about 8%, with baboons 11 to 20 y
old being the most likely to be infected. Because baboons are
fastidious groomers and due to the fact that they are housed
under conditions that do not support populations of ticks, we
speculate that Babesia is being maintained in colony baboons
through the transfer of contaminated blood during fights. Due
to the physiologic similarities between baboons and humans,
these nonhuman primates are becoming important models in
biomedical research.’® As the role of baboons in biomedical
research continues to expand, so will the need to recognize la-
tent or subclinical infections that could introduce confounding
variables in subsequent studies.?
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