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Bartonella henselae is the major etiological agent of cat scratch disease in humans. Cats act as the natural reser-
voir of B. henselae and can transmit the infection to humans by a bite or scratch. The prevalence of B. henselae
in cat populations was evaluated by serological and bacteriological tests. A total of 769 stray cats from three urban
and three rural areas in northern Italy were sampled between January 1999 and December 2000. The positive and
the negative predictive values of serological tests with respect to bacteremic status were evaluated. Tests of a
total of 140 cats (18%) resulted in detection of bacteremia. A total of 540 cats were tested by serology; 207 (38%)
were seropositive. Of the 531 cats tested by both methods, the results for 65 (12.2%) showed both bacteremia
detection and seropositivity. The molecular typing of the isolates showed that 20.6% of bacteremic cats were
infected with B. henselae type I strain, 61.1% were infected with B. henselae type 11, and 18.3% were coinfected
with both. A statistically significant difference in antibody and bacteremia prevalences among geographical
areas was detected. Statistical analysis showed no association between characteristics such as seroprevalence-
bacteremic status, sex, general health status, and the presence of ectoparasites. The negative predictive value of
serological test was 84.7%, and the positive predictive value was 31.8%. Receiving operator characteristic
analysis of the data showed that serological tests had a low predictive value in relation to the bacteremic status
of a cat; in surveys aimed at assessing the real risk of B. henselae infection in a human population, therefore,
we suggest the use of blood culture as the reference test. Nevertheless, both blood culture assays and serological

tests for Bartonella infection should be performed for a complete evaluation of the health status of cats.

Although cat scratch disease (CSD) was recognized in 1930
and first reported in 1950 by Debre et al. (8), the etiological
agent was identified only in 1992 when Bartonella henselae was
definitely associated with CSD in humans (23, 24). Several
years later, another Bartonella species, B. clarridgeiae, was
identified as a causative agent of CSD in humans (20, 21). Cats
act as a natural reservoir of the bacteria and can transmit
Bartonella to humans by a scratch or bite. Bartonella infection
in cats is usually not characterized by clinical manifestations,
but infected cats can remain bacteremic for long periods, thus
playing a major role as a reservoir for the bacteria (5, 19). The
cat flea, Ctenocephalides felis felis, plays an important role in
cat-to-cat transmission of the infection (7, 10, 18). A similar
role may also be played by ticks (Ixodes pacificus) (4).

Epidemiological studies worldwide have shown a high level
of variability of Bartonella seroprevalence in cats. Seropreva-
lence levels ranging from 1 to 8.5% in Germany and Switzer-
land (1, 12, 15) and up to 56% in The Netherlands (2) and 81%
in California (6) have been found. In Europe, the highest
prevalence of bacteremia was reported from The Netherlands,
where 22% of 113 domestic cats were found positive with
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blood cultures. In France, 16.5% of domestic cats in Paris were
found to be bacteremic and 41.1% were seropositive (14).

Relatively little data on Bartonella infection in stray cats are
available. Bartonella was isolated in 53% of urban stray cats in
France, where 34% of isolates were identified as B. henselae
type I, 34% were identified as B. henselae type 11, and 30%
were identified as B. clarridgeiae (16). Interestingly, a high level
of B. clarridgeiae (32%) in domestic cats in France was re-
ported by Gurfield et al. (14). In the same epidemiological
study, however, the bacteremic status of cats was significantly
associated with the stray origin of adopted cats. Furthermore,
Arvand and coworkers reported that 18.7% of stray cats in
Berlin, Germany, were infected with B. henselae type II (1).
These data underline the role of stray cats (mainly in urbanized
areas) as a reservoir of B. henselae. Furthermore, contact with
stray cats can be the cause of infection in pet cats.

Here we present the results of an epidemiological survey of
Bartonella spp. in stray cats in northern Italy. Since the risk of
infection for humans is posed by bacteremic animals, the pos-
itive predictive values (PPV) and negative predictive values
(NPV) of serology with respect to bacteremic status have also
been evaluated.

MATERIALS AND METHODS

The survey was carried out as part of a national program for the control of
stray animals. A nonprobabilistic sampling procedure of convenience was used to
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TABLE 1. Distribution of B. henselae isolates from stray cats in northern Italy between bacteremic and seropositive cats

Results
Location Blood culture Serology
No. of No. (%) of cats No. of No. (%) of cats
cats examined testing positive 95% Cl cats examined testing positive 95% Cl
Milan 114 6(5.39) 1.9-11.1 87 14 (16.1) 9.1-25.5
Brescia 56 5(8.9) 3.0-19.6 56 6 (10.7) 4.0-21.8
Pavia 43 16 (37.2) 23.0-53.3 60 29 (48.3) 35.2-61.6
Lomellina 178 25 (14.1) 9.3-20.1 89 48 (53.9) 43.0-64.6
Oltrepo 292 46 (15.7) 11.8-20.4 172 83 (48.3) 40.5-56.0
Garda Lake environs 86 42 (48.3) 37.4-59.2 84 27 (31.8) 22.1-42.7
Total 769 140 548 207

sample cats from January 1999 to December 2000. Cats were captured from
courtyards of urban areas (Milan, Brescia, and Pavia) and from neighborhoods
of developed rural areas (Lomellina, Oltrepo Pavese, and Garda Lake environs)
in the Lombardia region (northern Italy). For each animal, sex, general health
status, and (when possible) the presence or absence of ectoparasites were re-
corded. Age was estimated according to the level of erosion of the permanent
teeth. Approximately 4 ml of blood (2 ml in a EDTA-containing sterile tube and
2 ml in a sterile tube without anticoagulant) was collected aseptically from each
cat by jugular phlebotomy. The blood samples were kept at 4°C when analyzed
within 3 to 4 days; otherwise, they were stored at —20°C until processing.

Blood culture. Culture assays of refrigerated blood samples were performed
with approximately 1.5 to 2 ml of blood previously centrifuged at 1,500 X g for
10 min.

The pelleted erythrocytes were osmotically lysed by adding sterile water. The
frozen blood samples were directly plated onto the medium without previous
osmotic lysis. Bartonella recovery from erythrocytes lysed by freezing was previ-
ously compared to that achieved by adding sterile water; the two methods
showed comparable levels of efficiency (unpublished data). The medium used for
culture assays was a blood agar base heart infusion (Biolife Italiana S.r.l., Milan,
Italy) containing 5% defibrinated fresh rabbit blood. Rabbit blood was collected
aseptically by intracardiac puncture. Incubation of the plates was carried out at
37°C for at least 1 month in a moist atmosphere containing 5% CO,. Enumer-
ation of bacterial colonies was performed for each bacteremic cat; results are
expressed as CFU per milliliter of blood.

Serological analysis. The B. henselae indirect immunofluorescence antibody
test was performed according to the method described by Chomel and coworkers
(6). HEP-2 cells (human larynx carcinoma cells; provided by Maura Ferrari,
Laboratorio Substrati cellulari, Istituto Zooprofilattico Sperimentale della Lom-
bardia e dell’Emilia Romagna, Brescia, Italy) were used for the cultivation of B.
henselae. Sera were diluted at 1:64 (cutoff value), 1:128, 1:256, 1:512, and 1:1,024
in phosphate-buffered saline. The intensity of specific fluorescence was evaluated
subjectively (with scores from 1 to 4 assigned), and the antibody titer was defined
by the major dilution with a score of =2.

PCR subtyping. Bartonella strains isolated by blood culture techniques were
characterized by PCR for specific Bartonella species by the method of Norman
and coworkers (22) on the basis of a restriction fragment length polymorphism
of the Tagl enzyme of a 400-bp amplified region of a git4 gene. Binding patterns
were compared with those of reference strains B. henselae Huston 1 (ATCC
49882), B. henselae type II (University of California, Davis), and B. clarridgeiae
(ATCC 51694) (all kindly supplied by B. B. Chomel, Department of Population
Health and Reproduction, School of Veterinary Medicine, University of Cali-
fornia, Davis).

B. henselae subtyping was performed according to the method of Bergmans
and coworkers (3). Briefly, the assay is based on the variation in the 16S rRNA
gene between subtypes I and II of B. henselae and has produced species-specific
results. The PCRs were performed directly on a pool of three colonies for each
isolate after a 10-min incubation at 94°C.

Statistical analysis. The statistical unit of interest was the cat, and all variables
(dependent and independent) were measured at this level. Overall crude prev-
alence values (95% confidence interval [CI] values) for blood culture-positive
cats and serologically positive cats were calculated; then, prevalence values for
each geographic area and 95% CI values were calculated. The significance of
prevalence within the geographic areas was tested using a Pearson x> test. Blood
culture and serological tests were designated the dependent variables. Both of
the dependent variables were treated as binary outcomes and coded 0 (negative

or failure) or 1 (positive or success). All of the independent variables (age, sex,
presence of ectoparasites, and health status) were treated as categorical and
cross-categorized according to the blood culture and serological results. Crude
prevalence ratios of association and 95% CI values were calculated for all
variables (11). Mantel-Haenszl’s method was used to estimate an adjusted prev-
alence ratio for geographical areas (9). The accuracy of serological tests com-
pared to that of blood culture assays (considered the “gold standard”) was first
analyzed using a simple two-by-two table to calculate the specificity, the sensi-
tivity, the PPV, and the NPV. Because the PPV and the NPV depend on the level
of the prevalence of disease in the population, different estimations of these
parameters were assessed using Bayes’s formula (17):

(1 — prevalence) X specificity
[prevalence X (1 — sensitivity)] + [(1 — prevalence) X specificity]

NPV = )
prevalence X sensitivity

PPV = prevalence X [sensitivity + (1 — prevalence)] X (1 — specificity)

(2

The distribution of the serological titers in bacteremic and nonbacteremic cats
was assessed by the receiving operator characteristic (ROC) table method (13).
Associations between serological results and bacteremic status were tested with
a McNemar test. All statistical analysis were performed using STATA software,
version 7.0 (27).

RESULTS

Cat population. A total of 769 stray cats were sampled. Of
these, 213 were from urban areas (114 from Milan, 56 from
Brescia, and 43 from Pavia) and 556 were from rural areas (178
from Lomellina, 292 from Oltrepo, and 86 from the Garda
Lake environs). The sex was recorded for 595 cats; 76% (451)
were female and 24% (144) were male. The age was recorded
for 552 cats. The average age was 24 months (the range was
from 3 to 120 months). Of 538 cats examined, 93 (17%) were
affected by ectoparasites (ticks and fleas). The status of health
was recorded for 539 cats; 47 (9%) were found to be affected
by minor clinical conditions (mainly otoacariasis, conjunctivi-
tis, and dermatomycoses).

Bacteriological and serological data. B. henselae was iso-
lated from the blood cultures of 140 cats (18%; 95% CI = 15.5
to 21.0). A total of 131 isolates were typed by PCR and iden-
tified as B. henselae. A total of 27 (21%) isolated strains were
B. henselae type 1, and 80 (61%) were B. henselae type 1I; 24
bacteremic cats (18%) were found coinfected by both subtypes.
In this study no B. clarridgeiae was found. The prevalence of
bacteremia was significantly different in cats from different
geographical locations [Pearson x? df(5) = 82,4761; P < 0.001,
where df is degrees of freedom] and ranged from 5.3% in cats
from Milan to 48.3% in cats from Garda Lake (Table 1 and
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TABLE 2. B. henselae types in stray cats from different
locations in northern Italy
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TABLE 4. Comparison between antibody titers and
bacteremia in cats

No. of No. (%) of No. (%) of No. (%) of
Location . l;.ates B. henselae  B. henselae  B. henselae type 1

1solates type 1 type II and type II
Milan 6 2(333) 3(50) 1 (16.6)
Brescia 5 0 5(100) 0
Pavia 16 6(37.5) 7 (43.7) 3(18.7)
Lomellina 25 5(20) 10 (40) 10 (40)
Oltrepo Pavese 38 7(184) 25(65.8) 6 (15.8)
Garda Lake environs 41  7(17.1) 30(73.2) 4(9.7)
Total 131 27(21) 80 (61) 24 (18)

Table 2). Bacteremia levels ranged from 1 to 18,000 CFU/ml of
whole blood.

Opverall seroprevalence was 38% (CI = 33.6 to 41.9) (207
testing positive out of 548 cats examined). Seroprevalence
ranged from 10.7% in Brescia to 48.3% in Pavia and Oltrepo
Pavese (Pearson x* test) [df(5) = 56.96; P < 0.001] (Table 2).

The independent variables (age, sex, presence of ectopara-
sites, and health status) were not significantly associated with
the crude prevalence (95% CI) and adjusted prevalence (95%
CI) of bacteremia and seroprevalence. However, cats older
than 12 months showed a significantly higher Bartonella sero-
prevalence than younger cats.

Comparison between blood culture and serology tests. A
total of 531 cats were analyzed for both bacteremia and sero-
prevalence (Table 3). Of 115 bacteremic cats, 50 were found to
be seronegative (43.5%); 139 out of 416 nonbacteremic cats
were seropositive (33%), and tests of 65 out of 531 cats gave
both bacteremic and seropositive results (Table 3). Most of the
bacteremic cats had antibody titers ranging from 1:128 to
1:256. No bacteremic cat had the highest antibody titer (1:
1,024). The association between serological results and bacte-
remia in cats was highly significant (x,™Ne™ = 41.9; P <
0.0001).

With the blood culture assay considered the gold standard,
the diagnostic sensitivity of the serological test was 56.5% and
the specificity was 67%. However, seropositive cats had a
31.8% (65 of 204) probability of also being bacteremic (PPV)
and seronegative cats had an 84.7% (277 of 327) probability of
being nonbacteremic (NPV). The comparison between anti-
body titers and blood culture results is shown in Table 4. The
NPVs and PPVs of the serological test (using Bayes’s formula
to estimate the different prevalences of bacteremia found in
cats from the different locations) are shown in Table 5. The
NPV decreased when prevalence increased.

The ROC analysis showed that the area under the curve was

TABLE 3. Comparison between bacteremia and seropositivity
results in 531 cats in northern Italy

Results
Status of cat
Bacteremic Not bacteremic Total
Seropositive 65 139 204
Seronegative 50 277 327
Total 115 416 531

No. (%) of cats with indicated test result

Antibody titer

Bacteremic Not bacteremic Total

<64 50 (15) 277 327
64 38 (35) 71 109
128 20 (54) 37 57
256 4(21) 19 23
512 3(27) 8 11
1,024 0 4 4
Total 115 416 531

60.5% (95% CI, 55.3 to 66.7%) and was not significantly higher
than 50% (the value indicating no diagnostic utility) (Fig. 1).

DISCUSSION

In this study, the prevalence of anti-B. henselae antibodies
and Bartonella bacteremia in stray cats from various geo-
graphic areas in northern Italy has been assessed. Cats were
captured from January 1999 to December 2000. A large series
of 769 animals was included in the study; 213 cats were from
urban areas and 556 were from rural areas. B. henselae bacte-
remia was detected in 140 (18%) of 769 cats, whereas anti-
B. henselae antibodies were detected in 207 (38%) of 548 sera
examined. Seroprevalence was higher in cats older than 12
months. No associations between seropositivity, bacteremic
status, sex, and general health were found, confirming previous
observations (15).

Bacteremic animals were infected with B. henselae type I in
20.6% of cases, with B. henselae type 1I in 60% of cases, and
with both types in 18.3% of cases. Our results confirm the high
level of prevalence of B. henselae in stray cats and the spread
of type II in western Europe (1, 2, 16, 26). Further, association
between B. henselae types I and II appears to be not infrequent
in Europe, as recently observed by Gurfield et al. (14) with
respect to domestic cats from France. Coinfection was also
observed in experimental studies, suggesting the lack of cross-
protection between the two B. henselae types (28). B. clarridge-
iae was not found in any bacteremic cat. This could be due to
the low level of frequency and high level of variability of this
species in the cat population (5, 26). Though the number of
cats in this study was quite large, cats were sampled from a very
large geographical area and the isolation of species with low to
very low frequency levels is strongly related to the sample size
of a single cat colony. Nevertheless, our results suggest that
B. clarridgeiae is likely present at very low frequencies in cat
populations in northern Italy.

None of the bacteremic cats had a serum antibody titer of
1:1,024. Most bacteremic cats were either seronegative (<64)
or showed lower anti-Bartonella antibody levels (1:128). Fur-
thermore, a decrease in the number of bacteremic cats with
higher antibody titers (>256) was observed. Though no statis-
tical association was found for either antibody titers or CFU
counts, results suggest that the antibody response to B. hense-
lae might develop slowly and, at least in the first phase of the
infection, might not be efficient in controlling bacteremia. Pro-
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TABLE 5. PPVs and NPVs of serology estimated with Bayes’s formula for different prevalences of B. henselae bacteremia
in cats from six locations in northern Italy

Results

Blood culture

Predictive value for serological result

Location
No. of cats Prevalence (P) PPV Change in probability Prevalence (1 = P) of NPV Change in probability
. e Bartonella-free cats

examined (probability pretest) (%) (%) (PPV-P) (%) (pretest probability) (%) (%) NPV — (1 = P) (%)
Milan 114 53 8.7 34 94.7 96.5 1.8
Brescia 56 8.9 14.2 5.3 91.1 94.0 2.9
Pavia 43 37.2 50.1 12.9 62.8 72.1 9.3
Lomellina 178 14.1 21.8 7.7 85.9 90.3 4.4
Oltrepo Pavese 292 15.7 24.0 8.3 84.3 89.2 4.9
Garda Lake environs 86 48.3 61.3 13 51.7 62.1 10.4

tection may become more efficient when the antibody levels
are higher.

Both seroprevalence and bacteremia differed significantly
among geographical locations, probably as a consequence of
the environmental conditions prevalent where cats were sam-
pled. Bacteremia and seroprevalence levels in flea-infested cats
were 1.24 and 1.12 times higher, respectively, than those seen
with noninfested cats.

The results of this study show poor performance of a sero-
logical test in evaluating the actual prevalence of B. henselae
among cats (sensitivity, 56.7%; specificity, 66.7%; area under
the curve [ROC analysis], 60.6%). According to several re-
searchers, however, a high NPV (>89%) could make serology
a useful screening tool for excluding bacteremia (6). Here, we
also observed high NPV values (84.7%). However, predictive
values (which are strictly dependent on actual prevalence) may
not be reliable indicators for the utility of a diagnostic test.
According to Sackett and coworkers (25), the utility of diag-
nostic tests depends on the values obtained from the difference
between pretest (prevalence) and posttest (predictive values)
probabilities. In this survey, for example, 5.3% of cats in the

Area under ROC curve = 0.6049
|

Milan area were bacteremic for B. henselae, a result which we
consider the actual prevalence or pretest probability. Follow-
ing serological screening, cats tested either positive or nega-
tive. In the case of a positive result, we can see from Table 5
that (using Bayes’s formula) the posttest probability that a
serologically positive cat was bacteremic is 8.7% (PPV). There-
fore, serology increased the predictive value by 3.4% (a change
from 8.7 to 5.3%; i.e., a difference of 3.4). In the case of a
negative serological result, remembering that the pretest prob-
ability that a cat was nonbacteremic is 94.7%, the posttest
probability increases by only 1.8% to 96.5% (NPV).

Clearly, serology for use in investigations of cats from the
Milan area does not appear to offer increased predictive values
with respect to ascertaining the prevalence of nonbacteremic
cats. When we compare the pre- and posttest probabilities
for positive and negative serological test results, we observe
greater utility in the case of positive results. Indeed, the
increase in pretest probabilities (prevalence) is larger in the
case of positive serology than that seen with negative serology.
When we consider the values reported in Table 5, we can see
that the highest values for the differences between pre- and
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FIG. 1. Accuracy (shown using an ROC curve) of a serological test for Bartonella diagnosis.
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posttest probabilities for both positive and negative serological
tests are observed in those areas where prevalence is approx-
imately 50%. In fact, according to Sackett and coworkers (25),
the utility of a diagnostic test is greatest when pretest proba-
bility values range from 40 to 60% and is at its highest when
prevalence is 50%. The results of ROC analysis confirm the
lack of diagnostic utility of serological testing.

In conclusion, we feel that serological testing for B.
henselae in cats to assess the risk of transmission to humans
should be used only when the actual prevalence of bactere-
mic cats in a given area is known and is shown to be ap-
proximately 40 to 60%. In all cases in which transmission to
humans (in particular, to immune-depressed individuals) is
a risk, we recommend both blood culture and serology test-
ing.

Transmission from cats to humans usually occurs via a
scratch or bite and is due to the presence of the bacterium on
claws and/or in the oral cavity. In our opinion, Bartonella can
reach the claws through contact with infected flea feces present
on the skin. Moreover, Bartonella can reach the oral cavity
directly from bleeding gums or indirectly by the licking of
contaminated skin and claws. Flea-infested cats tend to have
higher grooming activity than noninfested cats. These circum-
stances would make a bacteremic cat a major risk for humans.
Determination of the presence or absence of bacteremia is
crucial in assessing the actual risk of transmission for the cat;
however, a nonbacteremic cat with positive serology results
should be reevaluated for possible recurrent bacteremia.
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