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Serologic testing for the presence of antibodies to Bartonella henselae is a widely accepted diagnostic proce-
dure for laboratory confirmation of the diagnosis of cat scratch disease (CSD). In this study a commercially
available indirect immunofluorescence assay (IFA) based on B. henselae-infected human larynx carcinoma cells
(test A) was evaluated. Sera from 42 patients with CSD (20 confirmed by PCR) and 270 sera from healthy
controls (consisting of 63 cat owners, 65 individuals whose last close contact with cats was >6 months pre-
viously, and 142 persons who had never been exposed to cats) were investigated for antibodies to B. henselae.
All patients with CSD had titers of immunoglobulin G (IgG) to B. henselae of 128 or higher (test A; sensitivity,
100%). Of the 270 controls 189 (70%) were seronegative (titer, <64), 38 (14.1%) had titers of 64, 30 (11.1%) had
titers of 128, 9 (3.3%) had titers of 256, and 4 (1.5%) had high titers, 512 (test A; specificity, 70%). Of the cat
owners and individuals who had never had close contact with cats, 71.4 and 71.12%, respectively, were sero-
negative, and titers of 64, 128, 256, and 512 were found in 14.3 and 16.2%, 1.6 and 10.5%, 9.5 and 0.7%, and
3.2 and 1.4%, respectively. The sera from the patients and from the first 100 healthy adults without a history
of close contact with cats were additionally tested with a second commercially available IFA, based on Vero cells
infected with B. henselae and Bartonella quintana (test B). The sensitivity and specificity of test B were 93 and
73%, respectively. For patients with CSD the cross-reactivity between B. henselae and B. quintana in this test
was 95%. Both systems are highly sensitive but less specific for detection of IgG antibodies to B. henselae in
samples from patients with clinically apparent CSD. For detection of IgM antibodies, test A seems to be more
sensitive (88%) and more specific (95%) than test B (sensitivity and specificity of 64 and 86%, respectively). The
data show that the seroprevalence of antibodies to B. henselae in German individuals is high (30%). Low anti-
body levels are not sufficient evidence of active or prior infection.

Bartonella henselae is now accepted as the causative agent of
cat scratch disease (CSD). Until recently the diagnosis of CSD
was by exclusion. The diagnosis required the presence of at
least three of the following: a history of contact with a cat and
the presence of a scratch or a primary lesion, a positive cat
scratch skin test reaction, regional lymphadenopathy with neg-
ative results for other causes of lymphadenopathy, and char-
acteristic histopathologic features in a lymph node biopsy spec-
imen (2). CSD occurs mainly in children and young adults, and
uncomplicated CSD-mediated lymphadenopathy usually re-
solves spontaneously within 2 to 6 months (4). Moreover, the
histopathological findings are typical, but not specific, for
CSD, and obtaining them requires the surgical removal of a
lymph node or a biopsy. In the last few years, serological
tests to detect antibodies to B. henselae have been developed
(7, 8) and serologic testing for antibodies to B. henselae was
proposed as an adequate alternative to skin testing (5).
To evaluate the reliability of serological tests, we studied the
specific antibody responses to B. henselae in 270 healthy
German students and 42 patients with CSD. Two commer-
cially available indirect immunofluorescence assays (IFAs)
were compared.

MATERIALS AND METHODS

A total of 42 patients with CSD ranging in age from 3 to 53 years (mean, 19.2
years) were enrolled in this study. CSD was suspected clinically in 22 patients
with regional lymphadenopathy together with a history of close contact with cats,
in most of them associated with cat scratches and subsequent skin lesions ap-
pearing within 3 months before the onset of illness. In the other 20 patients CSD
was diagnosed histologically. For each of these 20 patients a lymph node biopsy
showing characteristic histologic findings consistent with CSD was available.
DNA was extracted from all lymph nodes with a commercial kit (Qiagen GmbH,
Hilden, Germany). The extracted DNA was used as a template in the PCR assay.
The primers p24E and p12B, designed by Relman et al. (9), were used to amplify
a 241-bp fragment from the Bartonella 16S rRNA gene fragment as described
elsewhere (10). The control group consisted of 270 clinically healthy students
(age range, 21 to 30 years; mean, 23 years) without symptoms of CSD. The
controls were classified into three groups according to their contact with cats:
group A, cat owners (n 5 63); group B, those whose last close contact with cats
was more than 6 months previously (n 5 65); and group C, those who never had
had close contact with cats (n 5 142). Additionally, sera from patients with
serologically confirmed infections by Epstein-Barr virus (EBV; n 5 9), cytomeg-
alovirus (CMV; n 5 16), Toxoplasma gondii (n 5 15), and Chlamydia pneumoniae
(n 5 15) were assessed for cross-reactive antibodies to B. henselae.

All sera were examined with a Bartonella IFA (BION Enterprises, Park Ridge
Chicago, Ill.; distributed in Germany by BIOS GmbH Labordiagnostik, Munich)
(test A) for immunoglobulin G (IgG) antibodies. The patients’ sera and the first
100 sera from group C volunteers were also tested for IgM antibodies by test A,
and these sera were additionally examined for the presence of IgG and IgM
antibodies with a second commercially available test (MRL Diagnostics, Cypress,
Calif.; distributed in Germany by Genzyme Virotech GmbH, Rüsselsheim) (test
B). Serum testing for IgG and IgM antibodies to Bartonella species and inter-
pretation of the results were performed as recommended by the manufacturers.
Each test was read independently by two persons who were blinded regarding the
clinical data. Interobserver differences never exceeded one dilution step. Titers
are reported as the reciprocals of serum dilutions.

For both IgG and IgM, test A incorporates human larynx carcinoma cells
which have been infected with B. henselae Houston (ATCC 19882). Titers of $64
were defined as positive for both Ig classes by the manufacturer.
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For IgG antibodies test B incorporates Vero cells which have been infected
with either B. henselae or Bartonella quintana, the individual substrates permit-
ting the qualitative detection and quantification of human serum IgG antibodies
to Bartonella. For this test as well titers of $64 are considered positive. For IgM
antibodies test B includes purified B. henselae and B. quintana cells diluted in
yolk sac fluid, which permits the qualitative detection and quantification of
human serum IgM antibodies to Bartonella. Titers of $20 were regarded as
positive. In contrast to all the other tests, the serum dilution recommended for
IgM detection in test B starts at 1:20.

RESULTS

The results of test A for the students’ sera are shown in Fig.
1. Of the 270 control sera 189 (70%) were seronegative (titer,
,64); 84% of all students had titers of #64, and 95% had titers
of #128. Four (1.5%) individuals had titers of 512, and none of
the control sera showed titers above 512. The data show a
relatively high seroprevalence (30%) of antibodies to B. hen-
selae at low titers in German individuals. It remains to be
clarified if the high seroprevalence in healthy individuals is
evidence of prior or active infection or merely of cross-reac-
tivity to other agents. There were no differences between the
cat owners and the other controls. Of the 55 sera from patients
with other lymphadenopathy diseases (due to CMV, EBV,
T. gondii, or C. pneumoniae) only 5 (9%) had a titer of 64 (2
from patients infected with EBV and 3 from patients infected
with C. pneumoniae). These results suggest that there is appar-
ently no substantial serological cross-reactivity between B. hen-
selae and these infectious agents.

Comparison of the two tests (A and B) for IgG antibodies
(Fig. 2) showed concordant results for 83% of the 100 control
sera (both negative for 66% and both positive for 17%); 8 and
9 sera were positive only in test A and only in test B, respec-
tively. The results for the patient group showed an overall con-
cordance, with 39 sera (93%) found to be positive in both tests;
3 sera were positive only in test A. However, of the concordant
sera only 10 had the same titers in both tests; 16 and 14 were
one dilution step higher and two or more steps higher in test A,
respectively, and only 2 sera had higher titers in test B.

Comparison of the IgM test results (Fig. 3) is possible only
if the different dilutions steps (multiples of 1:64 in test A and

of 1:20 in test B) are accepted as equal. For 83% of sera from
the control group the two test results were concordant (82
negative and 1 positive). Thirteen percent were negative in test
A but positive in test B, while only 4 sera negative in test B
were positive in test A. Of the 42 sera from patients with CSD
30 (71.4%) showed concordant results, either positive (26 sera)
or negative (4 sera). Eleven sera (26.2%) were positive in test
A but negative in test B, and only 1 serum was negative in test
A but positive in test B. A comparison of titers is not feasible
because of the differences in dilution. In general test A seems
to result in higher titers than test B. The sensitivities and
specificities of the two B. henselae IFAs are shown in Table 1.

A high percentage of the sera tested (5% of the control sera
and 95% of the patients’ sera) showed antibodies to B. quin-
tana, at titers ranging from 64 to 32,000 (test B). Among the 38
patients with CSD with titers of antibodies to both B. henselae
and B. quintana of $64, 6 had higher titers of antibody to
B. henselae, 14 had higher titers of antibody to B. quintana, and
18 had equal titers of antibodies to both species. Of the 100
sera from group C tested by both assays only 5 had antibodies
to both B. henselae and B. quintana, 22 had antibodies only to
B. henselae, and none had antibodies only to B. quintana.

DISCUSSION

Since B. henselae was identified as the etiologic agent of
CSD several diagnostic laboratory procedures have been de-
veloped. Isolation of Bartonella is time-consuming and often
not successful. PCR is a rapid and specific method of detecting
the organism in clinical samples but requires appropriate lab-
oratory facilities and equipment. For histopathologic or immu-
nohistochemical examination lymph node excision or biopsy is
required. Therefore, for many clinical laboratories the most
practical diagnostic method of confirming clinically suspected
CSD is serologic testing. Specific serological tests have been
evaluated recently and are available.

In 1992, Regnery et al. (8) developed a Bartonella IFA at the
Centers for Disease Control and Prevention. Eighty-eight per-
cent (36 of 41) of patients with suspected CSD were seropos-

FIG. 1. Prevalence (expressed as percentages) of IgG antibodies to B. henselae (test A) in healthy young adults. A, group A; B, group B; C, group C; D, groups
A, B, and C.
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itive for B. henselae, with titers of $64, and 94% (101 of 107)
of the sera of healthy controls were negative. Antibodies to
B. quintana were not detected in sera from the control group.
Using the same Bartonella IFA, Zangwill et al. (12) confirmed

a sensitivity of 84% (38 of 45 patients with CSD were found to
be seropositive) and a specificity of 96% (108 of 112 control
sera were negative) for this test. However, they found that a
high percentage (18%) of asymptomatic family members had

FIG. 2. Comparison of B. henselae IgG detection by the two IFAs. F, patients (n 5 42); p, controls (the first 100 healthy adults who reported never having had close
contact with cats).

FIG. 3. Comparison of B. henselae IgM detection by the two IFAs. F, patients (n 5 42); p, controls (the first 100 healthy adults who reported never having had close
contact with cats).
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elevated B. henselae antibody titers. In a study performed in
Switzerland, 20 of 20 (100%) children with CSD had IFA titers
of antibody to B. henselae of $512, and 26 to 60% of controls
living in various urban and rural regions were seropositive
(titer, $64) (6). In contrast, only 3% (11 of 332) of the controls
had titers of $256, and a cutoff level of 256 was proposed for
this assay (6). In another study over 3,000 serum samples
submitted for Bartonella serology to the Centers for Disease
Control and Prevention were tested by IFA (3). Of 91 patients
with profiles meeting a strict clinical definition of CSD, 86
(91%) had titers of antibody to either B. henselae or B. quin-
tana of $64 (3). The majority of the first 600 patients’ sera
were positive for both B. henselae and B. quintana (94%),
indicating a high cross-reactivity between these two Bartonella
species (3). The concordance for these two antigens in our
study was 95% in the patient group but only 18% in the con-
trols. Cross-reactivity between B. quintana and B. henselae was
less frequently found in controls than in the patient group. This
difference is probably caused by the high prevalence of low
titers of antibody to Bartonella spp. in the control group. As the
results indicate a considerable cross-reaction between the two
species at higher titers, the IFA does not seem useful for
etiological differentiation in cases which could be caused by
either Bartonella species.

Barka et al. (1) described an enzyme immunoassay (EIA) for
detection of B. henselae-reactive IgG, IgM, and IgA antibodies
and suggested that the EIA was highly specific and more sen-
sitive (95%) than the IFA. In contrast, serological investiga-
tions performed by Szelc-Kelly et al. (11) showed that the IFA
measuring IgG antibodies was the most sensitive (83 to 93%)
and the most specific (98%) serologic test and that the IgG
EIA is not sensitive enough (sensitivity, 16 to 35%) for use in
the clinical diagnosis of CSD.

We found a high seroprevalence of antibodies to B. henselae
among the healthy young adults. Of the 270 individuals tested,
81 (30%), 43 (16%), 13 (5%), and 4 (1.5%) had titers of serum
antibody to B. henselae of $64, $128, $256, and 512, respec-

tively. Similar results were also found in Switzerland (6), and it
seems possible that the seroprevalence in Europe is higher
than that in the United States (6, 8, 11). Surprisingly, no dif-
ferences in seroprevalence were found among the control sub-
groups. Of cat owners and individuals who reported never
having had close contact with cats, 71.4 and 71.12%, respec-
tively, were seronegative for B. henselae, and titers of 64, 128,
256, and 512 were found in 14.3 and 16.2%, 1.6 and 10.5%, 9.5
and 0.7%, and 3.2 and 1.4%, respectively. Our data suggest
that cat owners are not more often infected by B. henselae. It
remains to be clarified if there are additional vectors for trans-
mission of B. henselae. Moreover, an influence from cross-
reactions, especially with antibodies to B. quintana or other
agents, cannot be excluded.

EBV, CMV, and T. gondii infections are important differ-
ential diagnoses of lymphadenitis, especially in children. No
significant serological cross-reactivity was found between B. hen-
selae and these infectious agents in the sera we tested. The two
commercially available tests are both highly sensitive but not as
highly specific for detection of B. henselae IgG antibodies (Fig.
2). Based on our results, titers of 256 or higher in both tests
together with symptoms of CSD strongly indicate an active
disease (predictive values, 95% for test A and 90% for test B).
This supports the results of Nadal and Zbinden (6). Concern-
ing the detection of IgM antibodies, there was a marked dif-
ference between the two IFA systems, with sensitivity and
specificity of 88 and 95%, respectively, for the BION IgM IFA
and 64 and 86%, respectively, for the MRL IgM IFA. The
positive predictive value for test A, with titers of $128, (100%)
is sufficiently high. Test B, with titers of $40, is less reliable
(positive predictive value, 70%).

In both test systems, IgM antibodies were less often detected
in patients with histologically diagnosed CSD than in the pa-
tients with clinically diagnosed CSD. Usually lymph node bi-
opsies are performed at a later stage of lymphadenopathy, and
for these patients serological investigations for CSD are prob-
ably done later in the course of the illness than for the patients
with early clinically diagnosed CSD.

The application of these serologic tests is very useful in the
diagnosis of CSD, avoiding invasive surgical diagnostic proce-
dures and the CSD skin test. Serologic titers in symptomatic
patients with CSD, when positive, were usually high (referenc-
es 3 and 6 and our results). Low antibody levels could indicate
the onset of CSD or prior contact with B. henselae. If in the
case of clinically suspected CSD the first titer is low, a titer
increase in a serum specimen obtained later in disease should
confirm the diagnosis.
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