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ABSTRACT Bartonella spp. are bacteria of worldwide distribution that cause asymp-
tomatic to fatal infections in animals and humans. The most common zoonotic spe-
cies is Bartonella henselae, for which cats are the major natural reservoir host. To
better understand Bartonella sp. diagnostic limitations, we determined the frequency
of bloodstream infection in 112 cats by comparing and combining the results of
multiple conventional and nested PCRs from blood and liquid culture samples. Using
liquid culture conventional PCR, Bartonella sp. DNA was amplified from 27.7% of
samples (31/112) compared to 90.2% of samples (101/112) by combining nested PCR
from blood and liquid culture, indicating that PCR testing of more than one type of
sample provides better sensitivity than a standalone PCR and that bloodstream in-
fection is very frequent among cats in southeastern Brazil. This study reinforces the
need for multistep testing for Bartonella sp. infection to prevent false-negative diag-
nostic results, even in reservoir hosts such as cats that typically maintain higher bac-
teremia levels.
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Bartonella spp. are a group of reemerging bacteria that are distributed worldwide (1).
These bacteria cause diverse disease manifestations in humans, ranging from

asymptomatic bacteremia to chronic debilitation and death (2). Despite their fastidious
behavior, we use the term bacteremia only for samples with Bartonella colony isolation
on solid agar and bloodstream infection for any positive Bartonella DNA sample.

Bartonella henselae is the most relevant zoonotic species (3). Cats are considered the
major reservoir of this species, and their fleas are considered the principal vector for
transmission among cats and potentially humans (4). Previous studies from Brazil found
a bloodstream infection prevalence in cats varying between 1.6% and 97.0% (5, 6), a
rate much higher than that in asymptomatic human blood donors (2). Subsequently,
cat contact was reported to be a risk factor associated with Bartonella sp. infection in
asymptomatic Brazilian blood donors (7). We also found that the predictive value of
serology for confirming Bartonella infection in asymptomatic blood donors was low.
Only three of 16 Bartonella-infected donors were B. henselae or Bartonella quintana
seroreactive. Therefore, antibody status should not be used as the sole diagnostic
method to determine Bartonella infection status (2).

The fastidious growth characteristics and requirements for special culture condi-
tions, combined with low bacteremia, make the laboratory isolation of Bartonella spp.
from opportunistic hosts, such as humans, diagnostically challenging (8–10).
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Many reports describe these challenges and show the utility of enrichment blood
culture and subculture in enhancing the diagnosis of Bartonella sp. bloodstream
infections (11–13).

We performed a study to gain a better understanding of diagnostic sensitivity when
using the different techniques for the documentation of Bartonella bloodstream infec-
tion in cats.

Cats were selected because they are a natural reservoir host for several Bartonella
spp. (14, 15) and are frequently and chronically B. henselae bacteremic (16) and because
of their close proximity with human at-risk populations, including children, the elderly,
and immunocompromised individuals (7, 17). Therefore, the specific objective of this
study was to compare the frequencies of Bartonella bloodstream infection in cats from
Campinas, Sao Paulo, Brazil, using a conventional and a nested PCR assay to test DNA
extracted from cat blood, DNA extracted from liquid blood culture medium, and DNA
extracted from agar subculture isolates.

MATERIALS AND METHODS
Study design. This project was submitted to and approved by the Institutional Animal Care and Use

Committee of the University of Campinas (UNICAMP) under protocol number 2284-1. Between May and
September 2009, a convenience sampling of 112 cats from Campinas, Sao Paulo, Brazil (22°54=20�S,
47°03=38�W) was enrolled. Approximately 3 ml of blood was aseptically obtained from each cat by a
jugular venipuncture when the cat was presented for ovariohysterectomy or orchiectomy at a local
veterinary clinic. Each whole-blood sample was collected into an EDTA tube and stored frozen at �20°C
for 9 to 13 months prior to analysis. Sex, estimated age, and origin (stray or pet) data were collected. All
experiments were performed at the Laboratory of Applied Research in Dermatology and Bartonella
Infection (LARDBI), UNICAMP, Brazil.

Blood culture. Blood culture using liquid medium was performed as previously described by Duncan
et al. (18) and Maggi et al. (19) with modifications. After blood was thawed, an aliquot of 500 �l was
inoculated into filter cap cell culture flasks with 2 ml of liquid Bartonella alphaproteobacterium growth
medium (BAPGM). A negative-control flask (liquid culture without inoculation) was prepared simultane-
ously with the cat blood cultures. All flasks were incubated at 37°C in 5% CO2 in a water-saturated
atmosphere and maintained with a constant shaking motion for 10 days. After this incubation, a 500-�l
aliquot was seeded over solid medium slant tubes prepared as follows: 6 g of Bordet-Gengou agar base
in 117 ml of distilled water and 1.167 ml of glycerol and, after sterilization and cooling until 50°C,
supplementation with �30% (50 ml) sheep blood (Bartonella negative). Sheep blood was confirmed
Bartonella sp. negative by PCR and culture, as suggested in previous studies (20, 21). Slant tube cultures
were incubated at 37°C in 5% CO2 in a water-saturated atmosphere and examined weekly for up to 45
days. If growth was detected, colonies were Gram stained, and those isolates with consistent Bartonella
sp. morphology were suspended and frozen in brain heart infusion (BHI) for future identification by PCR
amplification and DNA sequencing. All Bartonella sp. culture methods were carried out in a class 2
biosafety cabinet in order to prevent the possibility of specimen contamination and to protect laboratory
personnel.

DNA extraction and quality control. DNA was extracted from 200 �l of whole blood, 1 ml of BAPGM
liquid culture, and colonies using a QIAamp DNA minikit (Qiagen Inc., USA), according to the manufac-
turer’s instructions. We added one positive control (B. henselae) and one negative control (flask only with
reagents) per 28 test subject samples. We also performed a PCR specific for glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) to test all samples for quality of extracted genomic DNA and for the absence
of amplification inhibitors in samples extracted from blood and liquid culture.

Molecular techniques were performed in five separate rooms to avoid DNA contamination as
previously described (2).

DNA amplification. Conventional PCR was performed using DNA extracted from liquid and solid
cultures, using the primers 314A-s/314B-s and 357-as targeting a hypervariable region of the Bartonella
genus 16S-23S rRNA internal transcribed spacer (ITS) region, as previously described (2). Depending on
the Bartonella sp., the length of the expected ITS amplicon was between 157 and 271 bp. Because of the
presence of nonspecific bands under LARDBI conditions, the ITS PCR was not utilized to test DNA samples
extracted from cat blood samples. A known concentration of B. henselae DNA was serially diluted 10-fold
from 109 to 1 genome equivalent (GE) per microliter to determine the sensitivity of the PCR assay. The
sensitivity of this PCR assay was established at a minimum of 50 GE of B. henselae per reaction tube. Thus,
all blood, liquid culture, and isolate DNA extraction samples were tested by a nested PCR that amplifies
the ftsZ gene and is B. henselae specific (22). The detection limit for this reaction was 10 GE of B. henselae
per reaction tube, and the expected amplicon length was 218 bp.

The initial concentration of B. henselae GE was estimated as follows: the number of base pairs from
the complete B. henselae genome was obtained from GenBank. The molecular weight of the entire
genome was calculated using an online mathematical tool (http://www.changbioscience.com/genetics/
mw.html). Using the type strain of B. henselae (Houston-1, ATCC 49882), DNA was extracted and
quantified by spectrophotometry (NanoDrop). From these two pieces of data, it was then possible to
calculate the number of copies per microliter present in the DNA extracted from B. henselae Houston-1.
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Tenfold serial dilutions were performed and then were tested with 10 independent PCRs. The lowest
copy number amplified in all 10 reactions was used as the limit of detection. The limit of detection for
the conventional ITS PCR used in this study was more than 25 GE per �l compared to 4 GE per �l for the
fstZ nested PCR.

All PCR products were analyzed by horizontal electrophoresis in a 2% agarose gel stained with
ethidium bromide. Amplicons generated from conventional ITS PCR were sequenced for bacterial species
identification.

In summary, the approach and methodologies used to document Bartonella sp. bacteremia from
each cat blood sample were as follows (Fig. 1).

Data analysis. All cats with at least one PCR amplification from any sample source were considered
positive for Bartonella bloodstream infection, which was used as the gold standard for further analyses.
The associations between the positive results from the three methods, coupled with approximate cat age
(� or �1 year), origin of the animal (stray or pet), and sex (male or female), were also analyzed. Potential
associations were first compared in a univariate analysis using Fisher’s exact test or the Fisher-Freeman-
Halton test. All risk factors significant at the P � 0.25 level were entered into a stepwise logistic
regression model, and variables significant to P � 0.05 were retained. Univariate odds ratios (OR),
adjusted odds ratios (aOR), and 95% confidence intervals (CI) were calculated. PCR-positive bloodstream
infection and the prevalence of Bartonella sp. bacteremia were described as absolute frequencies and
percentages, with 95% confidence intervals computed using the score method. Sensitivity and specificity
were also determined for each PCR assay, with 95% confidence intervals. A chi-square automatic
interaction detection (CHAID) method was used to determine the assay most significantly associated
with Bartonella bloodstream infection. Significant values were considered �0.05 and adjusted using the
Bonferroni method where appropriate analyses were performed with JMP Pro 13 for Windows (SAS
Institute Inc., Cary, NC).

RESULTS

Of 112 cats, 28 (25.0%) were classified as pets and 84 (75.0%) were classified as
strays. Seventy-one cats (63.4%) were under 1 year of age, and 41 (36.6%) were more
than 1 year of age. Eighty-three (74.1%) were female, and 29 (25.9%) were male.

The results of each PCR assay for each type of sample (blood and liquid culture) are
provided in Table 1. All samples were tested for the constitutive gene GAPDH and were
PCR positive. All negative controls from each stage in the PCR process (DNA extraction,
culture, and master mix) remained negative throughout the study.

FIG 1 Flow chart of culture- and PCR-based procedures performed to determine Bartonella sp. blood-
stream infection in cats from Campinas, Sao Paulo, Brazil.

TABLE 1 Bartonella multistep microbiological and molecular method results for pet and
stray cats in Brazil

Group (n)

No. of Bartonella-positive PCR samples by method
(% of total per group) No. (%) with positive

result in at least one
sample source and
one PCR

Blood, nested
(ftsZ)

Liquid culture

Nested (ftsZ) Conventional (ITS)

Pet (n � 28) 15 (53.6) 18 (64.0) 11 (39.3) 21 (75.0)
Stray (n � 84) 71 (84.5) 33 (39.0) 20 (23.8) 80 (95.0)

Total (n � 112) 86 (76.8) 51 (45.5) 31 (27.7) 101 (90.2)
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Using ftsZ nested PCR, B. henselae DNA was amplified from 86/112 (76.8%) cat blood
specimens and 51/112 (45.5%) liquid culture samples. Amplicons of sufficient quality for
DNA sequencing from 11 blood and 19 liquid culture samples had 100% similarity with
the B. henselae complete genome (GenBank accession number HG969191). By combin-
ing results from both PCR assays and all sample sources, bloodstream Bartonella sp. was
detected in 90.2% (101/112) of cats. The ftsZ species-specific nested PCR was positive
for at least one sample source for each of the 101 B. henselae-infected cats. Figure 2
represents the results using an area-proportional Venn diagram that demonstrates that
15/26 blood-negative cats had positive results following liquid culture (13.4%) (23).

By conventional PCR, Bartonella 16S-23S ITS DNA was amplified from only 31/112
(27.7%) cat BAPGM liquid culture DNA extractions. Eleven of 16 Gram-negative slant
subculture isolates with suggestive Bartonella sp. morphology were Bartonella sp. PCR
positive. From these 11 isolates (9.8% from total samples), six ITS amplicons of sufficient
quality for DNA sequencing had 100% similarity with the B. henselae Brazil-1 strain
(GenBank accession number DQ346666.1), and seven ftsZ amplicons of sufficient
quality for DNA sequencing had 100% similarity with the B. henselae complete genome
(GenBank accession number HG969191). Three isolates were the first samples of B.
henselae isolated in Brazil to be deposited at the Adolfo Lutz Culture Collection in Brazil
under accession numbers IAL 3714, 3715, and 3716.

By multiple logistic regression analysis, young cats (�1 year old) were 6 times more
likely than adult cats to be PCR positive (aOR, 6.18; 95% confidence interval [CI], 1.24 to
38.77). Four cats less than and seven cats more than 1 year of age were PCR negative.
Bloodstream infection was more prevalent in stray cats (95%, 80/84 cats) than in
client-owned cats (75%, 21/28 cats). Stray cats were 13 times more likely to be PCR
positive than the pet cats (aOR, 13.15; 95% CI, 2.71 to 87.66). Based on the same
analysis, sex was not significantly associated with B. henselae bloodstream infection.

Compared to the ITS PCR, the ftsZ nested PCR from blood was a more sensitive assay
for the amplification of B. henselae DNA, with an 85.1% (95% CI, 2.7 to 87.7) sensitivity
and a negative predictive value of 42.3% (95% CI, 25.5 to 61.1), compared to ftsZ nested
PCR from liquid culture with a 50.5% (95% CI, 40.9 to 60.0) sensitivity and a negative
predictive value of 18.0% (95% CI, 10.4 to 29.5) and compared to conventional ITS PCR
from liquid culture, with a sensitivity of 30.7% (95% CI, 22.5 to 40.3) and negative
predictive value of 13.6% (95% CI, 7.8 to 22.7). The CHAID analysis also indicated that
the ftsZ nested PCR from blood was the single assay most associated with Bartonella
bloodstream infection, followed by the ftsZ nested PCR from liquid culture.

DISCUSSION

In this study, 90% of pet and stray cats from Brazil were PCR positive from blood,
liquid blood culture, or slant tube subculture isolates. The sensitivity of Bartonella sp.
PCR detection increased using liquid blood culture over PCR from DNA extracted
directly from blood samples. Besides the high bloodstream infection detection, bacte-
remia was confirmed in only 9.8% by bacterial isolation. As in previous studies, liquid

FIG 2 Area-proportional Venn diagram of Bartonella sp. PCR results from Brazilian cats.
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culture and nested PCR used together increased the analytical sensitivity (18, 19, 24,
25). If we had performed only the ITS conventional PCR assay, which in our lab is less
sensitive than ftsZ nested PCR (50 GE versus 10 GE, respectively), for testing the cats in
this study, Bartonella sp. bloodstream infection would have been detected in only
27.7% versus 45.5%. Bartonella PCR prevalence in cats has varied from 0% in Norway to
97% in Brazil, with a median worldwide prevalence of approximately 30.5% (6, 26). A
high Bartonella prevalence was detected in this study, compared to most other
Bartonella sp. cat prevalence studies reported from Brazil (Table 2) (5, 6, 8, 27–38).
Discrepancy among studies may be related to differences in the analytical sensitivity of
laboratory diagnostic methods used among different studies. As illustrated by this
study, the reported prevalence is dependent upon the methods used to establish the
presence or absence of bloodstream infection.

Another factor to consider in the context of bloodstream infection is that 63.4% of
cats in this study were under 1 year of age. Studies have reported a higher seropreva-
lence in older cats, whereas bacteremia is higher in younger cats (39, 40), which is
consistent with our findings where cats under 1 year of age were statistically more likely
to have bloodstream infection (P � 0.01). Statistically, B. henselae DNA was more
frequently amplified from stray cats than pet cats, which is also in agreement with
findings from previous studies (41, 42).

In this current study, B. henselae species-specific nested ftsZ PCR was more sensitive
than the conventional ITS PCR from liquid culture that we use. Pennisi et al. also found
that nested PCR increases the detection sensitivity of Bartonella sp. infection (25). Our
results reinforce the importance of multiple sample analyses to prevent false-negative
results and erroneous epidemiologic and diagnostic conclusions (43).

Bartonella sp. DNA was detected in 76.8% of cat samples from DNA extracted
directly from blood (without culture) using a nested PCR. It is possible that the amount
of Bartonella sp. DNA in the initial blood sample was below the minimum detection
threshold, and following culture, there were enough bacteria for detection due to
enhancement of bacterial replication during the 10-day incubation in liquid medium.
The nested PCR of liquid culture detected an additional 13.4% (15/112) of positive cats.

The lower number of liquid culture ftsZ nested PCR-positive samples (n � 51) than
of blood (n � 86) may indicate the amplification of nonviable bacteria in blood that
failed to grow in liquid culture. The fastidious characteristic of the genus, besides the
difficulty in cultivating a wild strain, could be the reason for these numbers. Blood
bacterial numbers would also have been affected by dilution in a large volume of
culture medium (dilution effect). Since there was no increase in the amount of bacteria
in the liquid culture medium, the concentration of bacteria in these samples was below

TABLE 2 Epidemiology of Bartonella spp. in Brazilian cats as reflected by culture, serology, and PCR findingsa

Publication yr Region of Brazil Cat origin Wild felid

Prevalence positive/total (%)

Bartonella species ReferenceCulture Serology PCR

2007 Southeast D/S NP 32/200 (16) NP B. henselae 27
2010 South S NP NP 8/47 (17)b 5 B. henselae, 3 B. clarridgeiae 28
2010 Southeast S NP 25/37 (68) 36/37 (97) Bartonella spp. 6
2010 Many regions Small neotropical felids NP NP 10/67 (15) 10 B. henselae 29
2011 Southeast D/S NP 19/40 (47) 17/40 (42) B. henselae 30
2012 Southeast D/S NP NP 2/26 (4.3) 2 B. henselae 31
2012 Northeastern D NP NP 9/200 (4.5) 6 B. henselae, 3 B. clarridgeiae 32
2012 Southeast Neotropical felids NP 40/84 (48) 2/109 (1.8) 1 B. koehlerae 33
2013 Midwest D/S NP NP 4/163 (2.5) 3 B. henselae, 1 B. clarridgeiae 38
2014 Southeast S NP NP 11/37 (30) 6 B. henselae, 5 B. clarridgeiae 34
2014 South S NP NP 12/47 (26)b 8 B. henselae, 6 B. clarridgeiae 8
2015 Southeast D/S NP NP 46/151 (30) B. henselae and B. clarridgeiae 35
2015 Midwest D/S NP NP 3/182 (1.6) 3 B. clarridgeiae 5
2016 South D NP NP 6/30 (20) Bartonella spp. 36
2017 Northeastern D NP 6/40 (15) 0/40 (0) Bartonella spp. 37
aAbbreviations: D, domestic; S, stray; NP, not performed.
bSame population of cats tested in the two studies.
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the nested PCR level of detection (44). It could happen for other reasons such as
antimicrobial treatment, besides the fastidious characteristic of the genus.

Table 3 estimates the number of bacterial DNA copies necessary in initial blood or
liquid culture samples that would be required to reach the minimum detection
threshold for the ITS and fstZ PCR assays in the LARDBI, Brazil, assuming that there was
no bacterial multiplication in liquid culture. We estimated these numbers using the
limit of detection for the conventional ITS PCR (25 GE per �l) and fstZ nested PCR (4 GE
per �l). We also considered (i) the amount of blood used initially in each step—200 �l
of whole blood and 500 �l of whole blood “diluted” in 2 ml of liquid culture medium,
(ii) the amount of sample used in DNA extraction (200 �l of whole blood and 1 ml of
liquid culture), (iii) the volume of resuspension at the end of extraction (200 �l for both),
and (iv) the amount of DNA sample used in each PCR (2.5 �l in nested PCR and 5 �l in
conventional PCR). Using these data, we calculated the limit of Bartonella sp. detection
in each method assuming that there was no bacterial multiplication in culture. Impor-
tantly, PCR sensitivity can vary within laboratories due to differences in thermocyclers
and between laboratories due to differences in primer design, DNA polymerases,
thermocyclers, and other factors. Although unsettling for clinicians and diagnosticians,
a negative Bartonella PCR result does not exclude the possibility of bloodstream
infection.

From 101 positive samples, only 11 Bartonella sp. isolates were obtained. Sequence
analysis revealed DNA sequence homology among the 6 isolates with the GenBank
Brazil-1 B. henselae strain. This low number of isolates reflects the Bartonella species’
fastidious nature: primary Bartonella isolation is difficult to achieve from reservoir and
nonreservoir sick patients (19). All six isolates came from cats that were ftsZ nested PCR
positive. Two of these came from cats that were positive only in blood or liquid culture
prior to slant subculture.

In a previous study from our laboratory, we found a 3.2% rate of Bartonella sp.
bloodstream infection in Brazilian blood donors (16/500, 15 for B. henselae and one for
Bartonella clarridgeiae), using only the 16S-23S conventional PCR assay to screen
BAPGM enrichment blood cultures and slant subculture isolates (2). Five of 6 B. henselae
isolates from donors were obtained from enrichment blood culture conventional
PCR-negative DNA amplifications. Importantly, only 3/16 Bartonella-infected human
donors were seroreactive to B. henselae or Bartonella quintana by indirect immunofluo-
rescent assay (IFA) and only 1/6 Bartonella enrichment culture PCR-positive donors was
confirmed bacteremic by liquid subculture isolation (2). The Brazilian blood donors
were recruited from the same region as the cats in this study, potentially explaining a
particularly high environmental exposure rate to B. henselae. The data reported in this
study reinforce the concept that there is no gold standard diagnostic test to confirm
Bartonella sp. infection.

Conclusion. By combining methods and samples, a higher prevalence of Bartonella
sp. bloodstream infection was documented in cats from Southeastern Brazil. Our results
support previous studies that recommend the use of multiple diagnostic modalities to
detect Bartonella sp. bloodstream infection. As documentation of Bartonella bacteremia
by isolation in humans is a very infrequent occurrence, our study reinforces the
importance of using several tests in combination to prevent false-negative epidemio-
logical and diagnostic test results.

TABLE 3 Limit of Bartonella sp. detection in each method

GE/�la in
initial blood
sample

Liquid culture
Blood,
nested PCRConventional PCR Nested PCR

Below 4 Negative Negative Negative
From 4 to 9 Negative Negative Positive
From 10 to 24 Negative Positive Positive
Over 25 Positive Positive Positive
aGE, genome equivalent; 1 GE/�l � 1,000 copies/ml.
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