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al. (1995) found impounded and former stray cats were 2.86 times more likely to be
bacteremic than pet cats and young cats (<l year old) were 1.64 times more likely than
adult cats to be bacteremic, and bacteremic cats were more likely than nonbacteremic
cats to be infested with fleas. In a study by Zangwill et al. (1993) in Connecticut, 46%
of the pet cats not associated with human disease and 81% of cats living in households
reporting human CSD were seropositive. Childs et al. (1995) found 44.4% (n=9) of
feral cats, 11.8% of stray cats (n=195), and 12.5% of cats (n=24) in veterinary hospitals
were seropositive in Baltimore, Maryland and that cats are more likely to acquire and
transmit B. henselae in the first year of their life. Childs et al. (1995) found that 28% of
the cats in a group of 1,370 cats from an animal shelter in Maryland had antibodies to B.
henselae. Jamerson et al, (1995) found a higher seroprevalence in southeastern United
States, Hawaii, coastal California, the Pacific Northwest and the south central plains
54.6%, 47.4%, 40.0%, 34.3%, and 36.7%, respectively. Alaska, the Rocky Mountain-
Great Plains region, and the Midwest had low average prevalence of 5.0%, 3.7%, and
6.7%, respectively. The overall seroprevelance throughout these regions was 27.9%
(n=628) (Jameson et al. 1995). The seroprevalence of B. henselae in cats in this study
appeared to be influenced by climate. Foley et al. (1998) surveyed a group of 11
catteries from diverse geographical locations in North America and found a
seroprevalence of 35.8%.

Bartonella henselae has a worldwide distribution. The seroprevalence varies widely
among different countries and geographic regions within countries. Seroprevalence of
B. henselae ranges from 3.7% to 65.4% in the United States, and from 6 to 22% in

Japan (Yoshida et al. 1996; Breitschwerdt and Kordick 1995; Childs, et al.1994;
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Chomel et al.1995; Jamerson et al.1995). In Autstralia the seroprevalence is 33%, in
Egypt 12%, and in Portugal 7% (Ueno et al. 1995; von Alleerberger et al.1995). Ina
study in the Netherlands by Bergman et al. (1997), using the enzyme-linked
immunoassay 50% (n=113) of sheltered cats were seropositive, 56% (n=50) of pet cats
were seropositive, and 22% of sheltered cats were bacteremic; none of the specific-
pathogen free cats were seropositive. In an Indonesian cat population Marston et al.
(1999) found 54% (n=70) were positive by IFA and 43% (n=14) of feral cats were
culture positive for B. henselae. The prevalence of B. henselae in Germany determined
by blood culture from household cats was 13% (n=100) (Sander et al. 1997). In this
study young, female cats (24 months of age or younger) were more likely to be found
positive for B. henselae.

Strain variability. B. henselae is a zoonotic agent and has adapted to survive and
replicate in the human host (incidental host) and the feline host (natural host) (Relman
1998). Both the diversity of strains within cat reservoirs and that cause various human
clinical syndromes has not been compared extensively. B. henselae genotype
differences have been described using various genotypic methods. B. henselae causes a
diverse spectrum of diseases in humans that range from self-limiting to severe. Because
of the diverse pathology and different host adaptation, strain variability would be
expected with B. henselae. The difference in the clinical presentation of B. henselae in
humans and cats suggest that different strains may exist. It is expected that there will be
greater strain diversity in the natural host (cat) than within the incidental human host

(Relman 1998). The majority of available clinically relevant B. henselae strains have
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been isolated in the United States (Dolan et al.1993; Koehler et al. 1992; Lucey et al.
1992).

The first isolate of B. henselae was named B. henselae Houston-1 and was isolated
from an HIV-infected patient in Houston and identified as the prototype strain (Regnery
et al. 1992). The next human strain was isolated from the blood of febrile patients with
AIDS in Oklahoma and designated B. henselae ATCC 49793 (Slater et al. 1990). These
two strains were identified by genotypic methods including ribosomal RNA gene
analysis and were similar. Arvand et al. (1997) isolated the first B. henselae from
Europe. This group isolated B. henselae from the bacillary angiomatosis lesions of an
HIV-infected patient in Germany and named it B. henselae Berlin-1. Using pulsed-field
gel electrophoresis of endonuclease-restricted chromosomal DNA, the Berlin-1 isolated
was compare to the B. henselae strains isolated from patients in the United States
(Arvand et al. 1997). The two strains were indiscernible suggesting that these strains
might represent one clone. The Berlin-1 strain was similar to the ATCC 49793
(Oklahoma strain) but did have one differing band, indicating a close relationship
between the strains. A feline blood isolate named Berlin-2 was also compared in the
Germany study and displayed a digestion profile with at least eight different bands
which would be a distinct clone (Arvand et al.1997). Using the 16S rRNA gene
sequence analysis, Bergmans et al. (1994) found a difference of 3 bp located at
positions 172 to 175 of the 16S rRNA gene of B. henselae from CSD patients. The B.
henselae isolates were then divided into 2 groups, genotype I and genotype II according
to 16S rRNA gene sequence. B. henselae genotype I has a TAG sequence and B.

henselae genotype II has a ATT sequence between the 172 and 175 region of the 16S
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rRNA gene (Bergman et al. 1994). Genotype I was identical to the sequence describe
by Regnery et al. (1992) as Houston-1 and genotype II was identical to the so called
“BA-TF sequence found by Relman et al. (1990) in patients with bacillary
angiomatosis. Using two type-specific PCRs that could discriminate between B.
henselae variants, Bergman et al.(1996) investigated the B. henselae strains in samples
from cat-scratch disease patients in The Netherlands. Bergmans et al. (1996) found 32
of 41 Bartonella DNA -positive samples from Dutch patients with CSD contained B
henselae genotype I , seven samples contained B. henselae genotype II and 2 samples
were found to be negative in both type-specific PCRs. Similarly, Sander et al. (1999)
found 23 of 39 of the PCR-positive patients in Switzerland were infected with B.
henselae genotype I, and 9 of 39 were infected with B. henselae genotype II. Heller et
al. (1999) found genotype I in 59% of Dutch patients and genotype II in 23% of these
patients with cat scratch disease.

Further work was done to investigate the genotypes isolated from cats. Several
studies suggest that B. henselae genotype Il is more common among cats than B.
henselae genotype I (Bergmans et al. 1997; Heller et al. 1997). Heller et al. (1997)
characterized B. henselae isolates from cats in France and found 34% of the isolates
were B. henselae genotype I and 36% of the isolates were B. henselae genotype I1.
Bergmans et al. (1997) found typed strains of B. henselae isolates from cats in the
Netherlands using Bartonella-specific PCR and hybridization assay and by 16S-23S
spacer PCR-restriction fragment length polymorphism (RFLP). Three B. henselae types
were found according to the RFLP pattens and were labeled A, B, and G (Bergmans et

al.1997). RFLP pattern A corresponds to 16S rRNA genotype I, while RFLP pattern B
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corresponds to genotype II. RFLP pattern G did not correspond to either 16S rRNA
genotype I or genotype II. RFLP pattern B (genotype II) was found more common
within the cats that typed as A or G. The various strains of B. henselae have been
shown to influence the immunological response of the host. Drancourt et al. (1996),
have documented CSD patients who were seronegative on a standard IFA diagnostic
test for B. henselae Houston-1 antigen but were seropositive for a Marseille strain of B.
henselae (Drancourt et al. 1996). Other studies have shown that up to 60% of CSD
patients may test negative in conventional B. henselae seroassays (Dupon et al.1996;
Yoshida et al.1996). Yamamoto et al. (1998) has shown the lack of cross protection
between B. henselae genotype I and genotype II. Freeland et al. (1999) demonstrated at
least three antigenic differences between genotype I strain (Houston-1) and a genotype
II strain LSU 16.

Pathogenesis. The pathogenesis of B. henselae in cats is not clearly understood.
The pathogenesis of an infectious disease is influenced by many factors involving the
host and the infectious agent. The immunological response of the host, the age, feline
genetic differences, additional infections, the dose, the route of entry into the host,
virulence factors of the microorganism, and the strain of the microorganism, are some
of the factors that influence the pathogenesis of an infectious agent. Clinical signs in
experimentally infected animals range from no overt clinical signs to fever, mild
anorexia, lymphadenopathy, central nervous signs including abnormal behavior and
vacant staring, signs of focal motor seizures, nystagmus, and rigidity (Kordick et
al.1999; O’Reilly et al. 1999a). Numerous experimental B. henselae infections have

been induced in cats and a wide range of clinical responses seen (Green et al. 1996;
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Kordick et al.1995; Regnery et al. 1996; Guptill et al. 1997; O’Reilly et al. 1999a).
Regnery et al. (1996) established a bacteremia and a Bartonella-specific IgG antibody
response in 31 cats inoculated with B. henselae Houston-1 strain and did not observe
clinical disease in any of the animals. In a study by O’Reilly et al. (1999a), acute
clinical disease with bacteremia, antibody response, and adverse clinical signs were
established in cats using a pathogenic strain of B. henselae called LSU 16. Bacteremia
can be established in most cats within 1 to 2 weeks after inoculation (Regnery et al.
1996; Guptill et al. 1997; O’Reilly et al. 1999a). The magnitude and duration of the
bacteremia is varied. The magnitude of bacteremia in experimental infection is reported
to be significant and sometimes exceeds 10° CFU/ml of blood (O’Reilly et al. 1999a).
Bacteremia can persist for weeks to months, and in some cats, a relapsing bacteremia
occurs in both experimental and naturally occurring Bartonella infections (Regnery et
al. 1996; Guptill et al. 1997; Kordick et al. 1999a). Intervals of culture-negative cats
can be random and vary in duration. Kordick et al. (1999) reported intervals of 1 to 4
months of culture negative results before recurrent bacteremia could be detected.
Pathogenesis of B. henselae at the cellular and molecular levels is poorly
characterized. Bartonella are most closely related to Brucella based on the
phylogenetic relationships of the 16S rRNA gene sequence analysis. Bartonella, like
Brucella are considered intracellular pathogens and can cause chronic bacteremia
probably because of the ability to survive in macrophages and because of the relative
low virulence of these organisms. Several studies have shown attachment and entry of
Bartonella into several types of cells. Batterman et al. (1995) has shown attachment to

and entry of B. henselae into human epithelial cells. Bundle-forming pili have been
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demonstrated by electron microscopy in B. henselae and are thought to be an important
virulence factor. A strong correlation between degree of attachment to epithelial cells
and degree of piliation has been shown (Batterman et al. 1995). Batterman et al. (1995)
demonstrated a relationship between piliation and phase variation. The two phases of
the colonies noted were dry colonies embedded in the agar and mucoid colonies. B.
henselae 87-66 (ATCC 49793) produced dry colonies which deeply embedded in the
agar where as B. henselae ATCC 49793 colonies were mucoid and did not pit the agar.
The heterogeneity in colony types suggests a phase variation and is seen in multiple
passages on laboratory media. Batterman et al. (1995) demonstrated that the rough
adherent colony type B. henselae 87-66 expressed pili and that most of the smooth
colony type of B. henselae ATCC 49793 had few pili (Batterman et al.1995). Zbinden
et al (1995) demonstrated intracellular location within the Vero cells mainly around the
nuclei. Presently however, mechanisms of entry have not been discovered. Clarridge
(1996) demonstrated a cohesive factor in B. henselae associated with organisms existing
in a tightly packed array. Clarridge suggested that the cohesive growth factor of B.
henselae might help in resistance to antibiotic penetration and contribute to the
recurrence of infection (Clarridge 1996).

Species of Bartonella have been shown to have a positive tropism for endothelial
cells and red blood cells. Entry of B. henselae into the human endothelial cells has been
demonstrated by Dehio et al. (1997). In vitro studies have shown B. henselae to
colonize the vascular tissue with vascular uptake of large bacterial aggregates by
engulfment (Dehio et al. 1997). The organism first accumulates and aggregates on the

endothelial surface and then enters and forms a structure called an invasome, which
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contains large and completely internalized bacterial aggregates (Dehio et al. 1997).
Histological analysis demonstrates the presence of bacterial clumps in close association
within proliferating endothelial cells (Dehio et al. 1997). In other human studies it has
been shown that B. henselae attaches and enters pericytes, macrophages and neutrophils
(Anderson et al. 1997; Maunn and Raoult 1996).

Evaluation of bacteremic cats during natural and experimental infections suggests
the presence of intracellular, epicellular, and extracellular bacteria in the blood, with
erythrocytes invasion being limited to a small percentage of the bacterial population
(Mehock et al. 1998). Intracellular location within the cat has been limited to the feline
erythrocytes (Kordick and Breitschwerdt 1995). In these studies erythrocytes of
persistently bacteremic cats, were studied, and identified 2.9% of the erythrocytes in cat
A were infected whereas 6.2% of the erythrocytes in cat B were infected with B.
henselae. Epicellular or extracellular organisms were not found in the blood of either
cat A or B in this study. Kordick and Breitschwerdt (1995) speculated that engulfment
of the bacteria by the erythrocyte membrane was a bacterium-induced or that forced
endocytosis was involved in the engulfment. In vitro studies have suggested a
intracellular location of B. henselae in the feline erythrocytes (Mehock et al. 1998).
Mehock et al. (1998) demonstrated invasion rates of the feline erythrocytes to be from 2
to 20% of the inoculum. Using laser scanning confocal microscopy to discriminate
between intracellular and epicellular B. henselae cells, less than 1% of the erythrocytes
were determined to be infected. The role that invasion of feline red blood cells plays in
the pathogenesis of B. henselae has been speculated to have at least four potential

benefits: 1) immune evasion, 2) hemin acquisition, 3) survival in the cat flea, and
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4) spread to other anatomical sites such as the liver or spleen (Mehock et al. 1998).

Identification of antigenic proteins and subunits of specific virulence factors of B.
henselae has been limited. Burgess (1998) found that a 43 k-Da outer membrane
protein was a major adhesin for human umbilical vein endothelial cells. A 17-kDa
outer membrane protein from B. henselae was shown reactive with human sera from
CSD patients (Anderson et al. 1995; Sweger et al. 2000). Freeland et al. (1999) showed
the 11.3, 13.3, and 16.9/18.0 k-Da antigens, to be immunodominant in 83% (n=482) of
seropositive cats naturally infected with B. henselae.

In vivo studies have demonstrated low endotoxin potency and diminished induction
of neutrophilic oxidative metabolism, degranulation, and cheomtaxis by B. henselae
when compared to E. coli and S. typhi (Fumarola et al. 1994).

Mode of transmission, vector. Several Bartonella species have been shown to
require an ectoparasite for transmission. B. bacilliform:s is transmitted by ihe
Phlebotomus sand fly, (Schultz et al. 1968), and B. quintana, the etiological for trench
fever is transmitted by the human body louse, Pediculus humanus (Strong et al.1918).
The association of B. henselae with the cat flea, Ctenocephalides felis, has been shown
in several studies (Foil et al. 1998; Higgins et al. 1996; Chomel et al. 1996). In an
epidemiological study by Zangwill et al. (1993), the risk factors associated with the
development of cat scratch disease were established. Ownership of a kitten was the
most significant risk factor noted. The finding of one kitten with fleas helped establish
the role of the flea as a biologic or mechanical vector in the transmission of B. henselae
in cats. Studies have detected B. henselae DNA by PCR from fleas of infected cats

(Koehler et al.1994; Bergmans et al.1997). Higgins et al. (1996) demonstrated that B.
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henselae was viable after 9 days in flea feces of fleas feed on infected cats. Tompkins
(1997) suggested that infection with B. henselae could occur by means of flea feces
inoculated into a cutaneous site. Chomel et al. (1996) demonstrated that the cat flea
transmits B. henselae from infected cats to noninfected cats by removing fleas from one
group to the other. In the study by Foil et al. (1998), experimental infection of cats with
B. henselae was established by inoculation of flea feces that had been collected from

infected cats.

Clinical manifestations. B. henselae infections in humans result in a wide array of
diseases. Because clinical infection in cats can be asymptomatic, natural infections may
have gone unnoticed for many years. Early reports suggested that cases of regional and
generalized feline lymphadenopathies of unknown cause were associated with
Bartonella infections in cats (Kirkpatrick et al. 1989). Argyrophilic bacteria were seen
in the lymph nodes of cats with persistent idiopathic lymphadenopathy (Kirkpathrick et
al. 1989). Epidemiological studies indicate that a large number of cats have been
exposed to B. henselae or are infected with the organism (Childs et al. 1995; Chomel et
al. 1995; Jameson et al. 1995; Koehler et al. 1994). Naturally infected cats appear to
tolerate chronic infections without obvious clinical abnormalities. Cats can remain
asymptomatic and bacteremic for many months (Koehler et al. 1994; Kordick et al.
1995). Several experimental infections have attempted to establish the clinical signs in
cats. Clinical presentations in experimentally infected cats have varied from no clinical
signs (Regnery et al. 1996; Abbott et al. 1997) to mild clinical signs with fever and
histopathologic lesions (Guptill et al.1997) to acute clinical disease with fever, anorexia,

and neurological signs (Kordick et al. 1997b; O’Reilly et al. 1999a). Lappin and Black
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(1999) have reported a case of anterior uvetis in a cat in which antibodies to Bartonella
species could be detected in serum and aqueous humor. Bacteremia in cats is a clinical
presentation that is consistent with infection with B. henselae. Bacteremia can be of
significant magnitude with counts ranging from 999 to 33,300 CFU/ml (Greene et al.
1996). Bacteremia can last for weeks to years and then relapse (Kordick et al. 1999).
In studies by Greene et al. (1996), recrudescent bacteremia in infected cats with lower
magnitude (6 to 3,300 CFU/ml) was seen. In the acute phase of the infection in cats,
bacteremia was associated with febrile signs, whereas in recurrent episodes of
bacteremia, fever not a usual clinical sign (Kordick et al. 1999).

Persistent infections. Persistent infections are known to occur in association with
many bacteria, viruses, and protozoa. Examples of microorganisms involved in
persistent infections include Salmonella typhi which can persist in the gall bladder and
urinary tract and is intermittently shed in urine and feces; Mycobacterium tuberculosis;
Herpes simplex; Varicella-Zoster; Plasmodium vivax; and Toxoplasma gondii. In
general, one way of explaining persistent infections is to regard them as a failure of the
host’s antimicrobial forces to eliminate the invading microorganism from tissue.
Persistent infections cannot by definition be acutely lethal and in fact, they tend to cause
only mild tissue damage or disease to the host. In certain acute infections, the patient
appears to recover, but there is a later relapse. Persistent infections are not usually
significant causes of acute illness but can be of particular importance because 1) They
enable the infectious agent to persist in the community. 2) They can be activated in
immunosuppressed patients. 3) Some are associated with immunopathological disease

i.e. feline leukemia virus, hepatitis B virus, malaria. 4) Some are associated with
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neoplasms. S) Some are immunosuppressive and permit disease caused by other
normally harmless persistent microorganisms. The persistent organism can then
continue to cause pathological changes or to be shed from the body. Bartonellosis in
humans causes a persistent bacteremic illness in patients infected with B. henselae and
B. quintana (Lucey et al. 1992; Welch, and Slater 1999). Fever with bacteremia is a
common clinical presentation of Bartonella infection. Relapsing fever with bacteremia
can occur in both immunocompromised and immunocompetent patients (Lucey et al.
1992). Prolonged and recurring episodes of bacteremia are associated with Bartonella
infections in cats. Kordick and Breitschwerdt (1997) demonstrated relapsing
bacteremia in experimentally infected cats in a study where the cats were observed for
213 days. Eleven of these cats were inoculated via blood transfusion and developed
relapsing bacteremia. The reasons for relapsing bacteremia are unclear. Possible
reasons for relapsing bacteremia in cats may result from repetitive evasion of the
immune system through antigenic variation by the organism via alteration of surface
antigens, escape from the phagocytic cell, location in an immunologically privileged
site, or sequestration in the host with intermittent release into the general circulation.
The bacteremia in these cats persisted in the presence of variable antibody titers,
suggesting that B. henselae antibodies are not effective in clearing infection. Kordick et
al. (1999), followed a group of cats chronically infected with B. henselae for 454 days.
In this study, cats were intermittently bacteremic without obvious clinical signs except
for one cat with symptoms related to the central nervous system that resolved

spontaneously and did not recur (Kordick et al. 1999). Intervals of 1 to 4 months
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occurred in which cats were culture negative. Recurrent episodes of bacteremia were
not accompanied with fever and lasted for 454 days in two cats. (Kordick et al. 1999)

Immunological response. The spectrum of disease seen in humans associated with
Bartonella species is wide. The ability of Bartonella to elicit such different pathologic
responses is associated with the immune status of the host. B. henselae infection may
produce either the granulomatous lymphadenitis that is characteristic of cat scratch
disease in immunocompetent patients or vascular proliferation in patients with defects
in cellular immunity. The most severe manifestations of B. henselae infections occur in
individuals with a depressed cellular immune response. B. henselae in humans is an
intracellular pathogen and multiples within phagocytic cells and is considered a likely
candidate for a Th-1 [FN-y type of response (Anderson and Neuman 1997). The
persistence of a Th-1 response to an intracellular pathogen is likely to result in an
inflammatory tissue response as seen in infections due to Bartonella.

Results from studies of B. henselae infections in the murine model (BALB/c)
demonstrated granulomatous inflammation in the liver with lesions consisting of
lymphocytes, monocytes, and epithelioid cells (Regnath et al. 1998). Mononuclear cells
were predominately CD4+ lymphocytes or CD1 1b+ monocytes. CD8+ lymphocytes
were found in low numbers. Karem et al. (1999), found B. henselae-specific IgA in
fecal samples of infected BALB/c mice 28 days after infection. In addition, a positive
delayed-type hypersensitivity and IFN response in mice following in vitro stimulation
of splenocytes indicated B. henselae-specific cellular responses.

Humoral immunity against B. henselae was studied in vitro by Rodriguez-Barradas

et al. (1995). In this study, Bartonella was killed by complement-mediated cytolysis,
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and the presence of specific antibodies did not increase the serum bactericidal activity
or complement activation. Nonimmune sera killed more than 99.5% of the inoculum
within 2 hours, suggesting that specific antibodies did not contribute to the bactericidal
activity of serum. Complement activation proceeded by both classical and alternative
pathways. Activation of the alternative pathway is explained by the lipopolysaccharides
of gram negative bacteria that activates C3. The classical pathway assays suggested in
this study that B. henselae activated this pathway independent of the presence of
specific antibodies. In this study phagocytosis and production of oxygen radicals,
evaluated by flow cytometry, were significantly enhanced in the presence of bacteria
previously opsonized with immune sera.

The indirect fluorescent-antibody assay (IFA) is widely accepted as a diagnostic
assay for B. henselae infection. The limitation of the IFA is the inability to differentiate
species-specific serologic reactivity from cross-reactivity with other antigens of the
same genus i.e. B. quintana. Western blot has been used to dissect the humoral immune
response to B. henselae antigen in patients infected with B. henselae. McGill et al.
(1998) used serum specimens from 69 humans diagnosed with Bartonella infection
(CSD) to investigate subclass level of IgG and other immunoglobulin (Ig) isotypes
using western blot assay. The ranges of B. henselae-reactive proteins recognized were
17, 48, 69, 97, and 116 k-Da and multiple bands at 200 Da. Reactivity to proteins did
not occur in all specimens. In this study, a strong IgG response was detected to total
antigen with the response limited to subclass IgG,. A lack of IgG3 and high levels of
IgG, activity against B. henselae in CSD infection suggest increased opsonization

activity during CSD rather than complement fixation. Ig isotype differences were
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investigated in this same group of infected patients, and I[gA was detected in 15 of the
69 patients whereas IgM and IgE antibodies were essentially absent in these patients.

Anderson et al. (1995) identified a strong antibody response in patients with CSD to
a 17 kDa antigen he expressed as a fusion protein. This type of antigen would have
value as a diagnostic reagent for rapid serologic diagnosis of Bartonella infections.

A cellular-mediated delayed-type hypersensitivity has been shown to occur in 95 to
98% of humans with CSD when the Hanger-Rose skin test is used for traditional CSD
diagnostics (Szelc-Kelly et al. 1995). Other implications of cellular immune induction
was seen in immunocompromised humans when they develop severe disease involving
internal organs such as liver, spleen and central nervous system.

The immunological response of cats to B. henselae is unclear. The different
contributions of antibody and cellular immunity are difficult to determine. The only
cell in the cat that Bartonella has been associated with is the erythrocyte. An
intracellular location of Bartonella other than in the erythrocyte has not been
demonstrated in the cat. Other difficulties involved in the present interpretation of the
immunological response seen in cats are the differences in the route of inoculation and
the source of the inoculum. Intravenous, intradermal, intramuscular, and oral routes of
inoculation have been performed in experimental infections of B. henselae in cats
(Abbott et al. 1997; Guptill et al. 1997; Kordick and Breitschwerdt 1997). Sources of
inoculum used in these studies include infected blood and urine and pure cultures of B.
henselae (Abbott et al. 1997; Guptill et al. 1997; Kordick and Breitschwerdt 1997;
Regnery et al. 1996). Other difficuities in the interpretation of the immunological

response seen in cats is the various strains of B. henselae used to experimentally infect
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cats, and the number of passages of the culture before the inoculum was prepared. B.
henselae Houston-1, the prototype strain and a genotype I originally isolated from a
human patient, has been used in many studies but genotype I strains are less commonly
isolated from cats than are the B. henselae genotype II strains (Bergmans et al.1997;
Heller et al. 1997). The seroprevalence of B. henselae in cats varies throughout regions
of the United States and in Europe. Seroprevalence ranges from 3.7% to 65.4% in the
United States (Jamerson et al. 1994; Childs et al. 1994; Chomel, 1996). An
understanding of the role of humoral antibodies and the cellular responses in cats is
incomplete. High levels of circulating antibodies to B. henselae can be detected in cats
with bacteremia. Bacteremic cats have been shown to have higher B. henselae antibody
titers than nonbacteremic cats (Chomel et al. 1995). Using an enzyme-linked
immunosorbent assay (ELISA) for detection of B. henselae specific antibodies,
Freeland et al. (1999) demonstrated B. henselae specific IgM and IgG responses in
experimentally infected cats with a pattern of a peak IgM level followed by a rise in IgG
antibodies. Western blot analysis has been performed in infected cats to identify the
immunodominant antigens. Freeland et al. (1999) identified 24 Bartonella-specific
antigens recognized by cats during infection, and antigens of the 11.3-13.3 kDa and
16.9/18.0 kDa range were common and useful for an antibody screening test. Using the
pathogenic strain B. henselae LSU 16, O’Reilly et al. (1999) demonstrated by ELISA
measurable levels of IgM at 3 week post exposure and high levels of IgG by 4 weeks
postinfection. Of interest in this study was the IgM response that began to wane by
week 6 but remained elevated in the infected cats throughout the study, suggesting

continued antigenic stimulation. In the study by Greene et al. (1996), cats infected with
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