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POS Parinaud’s oculoglandular syndrome 
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SUCD Sudden unexpected cardiac death  
Spp/Sp  Species, plural/ Species, singular 
U Univariate logistic regression 
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INTRODUCTION 

Historical overview 
The genus Bartonella has undoubtedly achieved a level of undisputed 
clinical importance as both an emerging and re-emerging human pathogen in 
a relatively short expanse of time.  Prior to 1993, the genus Bartonella was 
composed of a single species, B. bacilliformis, the causative agent of Oroya 
fever, or Carrion’s disease, first described in South America in the late 
1800’s.  Subsequent to its isolation and identification in 1909, B. 
bacilliformis remained the sole member of the genus Bartonella for nearly a 
century.  As a consequence of various factors, highlighted by improved 
detection and diagnostic capabilities, as well as reclassification of several 
bacterial genera on the basis of phylogenetic relatedness using 16S rRNA 
gene sequences, the genus has undergone a substantial expansion.  In 1993, 
the genus was initially broadened through unification with the genus 
Rochalimaea (39), which was comprised of the species R. quintana 
(formerly Rickettsia quintana), R. henselae, R. vinsonii, and R. elizabethae, 
and again in 1995 through a subsequent unification with the genus 
Grahamella (29), which contained the species G. grahamii, G. taylorii, G. 
talpae, and G. doshiae.  Following these amalgamations, all of the 
aforementioned species were reclassified as Bartonella and the genus was 
removed from the order Rickettsiales (29).  The genus Bartonella has 
continued to grow in recent years with the isolation and characterization of 
numerous additional species, including multiple strains recovered from a 
broad range of rodents and other wild and domestic mammals in various 
regions of the world (10, 11, 27, 28, 31, 36, 38, 47, 51, 73, 108, 120, 124, 
125, 131, 137, 143, 153, 165, 166, 168, 183, 191, 214, 220, 241, 248).  
Currently, the genus has been broadened to include over 20 named species, 
more than half of which are recognized as human pathogens:  B. 
bacilliformis, B. quintana, B. henselae, B. elizabethae, B. clarridgeiae, B. 
koehlerae, B. vinsonii subspecies berkhoffii and arupensis, B. rochalimaea, 
B. washoensis, B. grahamii, B. tamiae, B. doshiae, and B. alsatica.  See 
Table 1 for a description of the clinical manifestations in humans and 
animals and the vectors and reservoirs associated with each of the currently 
recognized species of Bartonella.  
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TABLE 1.  Currently recognized Bartonella species and their associated clinical 
diseases in humans and animals, arthropod vectors and mammalian reservoirs 

Species Clinical disease Vector    Reservoir 
B. alsatica Endocarditis, 

lymphadenitis 
Unknown Wild rabbits 

B. australis  Unknown Kangaroo 
B. bacilliformis Carrion’s disease 

(Bartonellosis) [Oroya 
fever, verruga peruana], 
internal vascular 
proliferative lesions 

Sand fly Humans 

B. quintana Trench fever, “urban 
trench fever,” bacillary 
angiomatosis, fever and 
bacteremia, endocarditis 
(humans and dogs), lytic 
bone lesions, CNS 
manifestations 

Human body 
louse 

Humans 

B. henselae 
 (Houston-1) 

Cat scratch disease, 
bacillary angiomatosis, 
bacillary peliosis, peliosis 
hepatis (humans and 
dogs), granulomatous 
hepatitis (dogs), fever and 
bacteremia, osteomyelitis, 
endocarditis, 
encephalopathy, CNS 
manifestations, uveitis 
(humans, cats?) 

Cat flea, tick? 
fly? 

Domestic and wild 
cats 

B. henselae 
(Marseille) 

Cat scratch disease Cat flea? Domestic cats 

B. elizabethae Endocarditis Flea? Rodents 
B. grahamii Neuroretinitis Unknown Bank voles, rodents 
B. taylorii  Flea? Field mice, voles 
B. doshiae Cat scratch disease Flea? Field voles 
B. vinsonii subsp. 
vinsonii 

 Flea? Field voles 

B. vinsonii subsp. 
arupensis 

Fever and bacteremia, 
endocarditis, CNS 
manifestations 

Tick? Mice 

B. vinsonii subsp. 
berkhoffii 

Endocarditis (humans and 
dogs), neurologic disease, 
myocarditis (dogs), 
granulomatous 
lymphadenitis (dogs), 
uveitis (dogs) 

 Tick?, flea? Dogs, wild canids 

B. clarridgeiae Cat scratch disease, 
endocarditis (humans and 
dogs), lymphocytic 

Unknown Domestic cats, dogs 
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hepatitis (dogs) 
B. koehlerae Cat scratch disease, 

endocarditis 
Flea? Domestic cats 

B. talpae  Flea? Shrew moles, 
rodents 

B. peromysci  Flea? Deer mice 
    
B. tribocorum  Unknown Rattus norvegicus 
B. weissii (/bovis)  Tick? Domestic cats, 

ruminants? 
B. birtlesii  Unknown Field mice 
B. schoenbuchensis  Fly? Roe deer 
B. tamiae Fever Mite?  
B. washoensis Fever, myocarditis, 

endocarditis (dogs) 
Unknown Ground squirrels 

B. rochalimaea Fever and bacteremia, 
splenomegaly, cutaneous 
lesions 

Flea? Dogs, foxes, 
raccoons, coyotes 

B. rattimasiliensis  Unknown Unknown 
Candidatus B. 
melophagi 

Associated with 
pericarditis and 
dermotologic lesions 

Sheep ked? Sheep 

Bacteriology and epidemiology 
Bacteria within the genus Bartonella are classified as Gram-negative, 
aerobic, pleiomorphic bacilli belonging to the alpha-2 subgroup of the 
phylum Proteobacteria.  Organisms are urease, oxidase, and catalase 
negative and are nonreactive in carbohydrate utilization tests (252).  Further, 
as members of the genus are characteristically slow-growing and fastidious, 
axenic culture of the bacteria is typically rendered difficult to achieve.  
Notably, Bartonella species characteristically require highly specific 
conditions for optimal growth, including a CO2-rich environment, 
erythrocyte-enriched blood agar growth media, and extended incubation 
periods which typically exceed those of the majority of other bacteria (40).  
Primary colony formation can take up to 5 weeks to become evident; 
however with successive culture passaging, the incubation time required for 
colony generation has been found to decrease significantly to as few as 3-4 
days (252).  Multiple successive passaging also demonstrates alterations in 
the morphology of the bacteria, from rough, “cauliflower-like” 
autoaggregates deeply embedded in the medium initially, to smooth and less 
adherent cells after subculturing (252).  This exhibited phase variation, 
involving alterations in the expression of immunodominant outer-membrane 
proteins, may potentially play a role in the pathogenesis of Bartonella spp., 
enabling successful evasion of the host immune response and subsequent 
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colonization or persistence of the pathogens in host cells (310).  Polar 
flagellae, expressed exclusively by B. bacilliformis, B. clarridgeiae, B. 
rochalimaea and B. schoenbuchensis, have also been shown to play a role in 
the virulence and invasiveness of the organisms, mediating motility and 
contributing to deformations in erythrocyte membranes in the case of B. 
bacilliformis in particular (19, 267).  To date, no other Bartonella spp. have 
been found to possess flagellae.  Bartonella organisms have been shown to 
be susceptible to various antibiotics in vitro, with the highest susceptibility 
to ketolides such as telithromycin, macrolides, particularly clarithromycin, 
doxycyline and rifampin, as well as gentamicin, tetracycline, minocycline, 
azithromycin, clarithromycin, amoxicillin, cefotaxime, and deftriaxone (16, 
77, 204).  However, due to the intracellular propensity of the organism, as 
Bartonella spp. are facultative intracellular pathogens, clinical use of these 
antimicrobial agents in vivo has proven less efficacious, with frequent cases 
of relapse and treatment failure (300).  Further, the hemotropic nature of 
Bartonella organisms and their ability to persist in the erythrocytes of their 
hosts contribute to their infectivity via transmission by blood-sucking 
arthropods.  In fact, Bartonella is the only genus of bacteria capable of 
parasitizing and persisting in mammalian reservoir host erythrocytes and 
endothelial cells and inducing pathological angiogenesis and 
vasoproliferative growth in the vascular bed (219).      

Transmission via arthropod vectors and the unique pathogen-host cell 
interaction of colonization in mammalian host reservoirs within endothelial 
and red blood cells resulting in long-lasting hemotropic infection are 
commonalities shared among Bartonella species.  Various hematophagous 
arthropods have been implicated in Bartonella spp. transmission, primarily 
fleas, ticks, flies, and human body lice (See Table 1).  Transmission from an 
animal reservoir to human may also occur directly by way of skin trauma 
(i.e. scratch or bite), epitomized by the transmission of B. henselae by a cat 
scratch, resulting in cat scratch disease (CSD, discussed below).  Bartonella 
spp. have been isolated from an extensive range of animal species, most 
commonly from rodents, ruminants and carnivores, yet also from ungulates, 
lagomorphs, insectivores, and bats (288).  Notably, each single Bartonella 
species is typically capable of infecting only a limited range of reservoir 
mammalian hosts, exemplifying host specificity characteristic of the genus.  
To this end, humans are the only known reservoir hosts for both B. 
bacilliformis and B. quintana; likewise, cats have been shown to serve as the 
only known mammalian reservoirs for B. henselae and B. koehlerae.  The 
underlying factors contributing to the predilection for a given species of 
Bartonella to exhibit preferential infectivity in specific host species are not 
sufficiently understood, yet have become further elucidated through recent 
comparative genomic analyses of several pathogenic Bartonella species 
(discussed below).  Typically, Bartonella spp. induce prolonged, persistent, 
and asymptomatic bacteremia in their respective mammalian reservoirs, 
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although overt clinical manifestations rarely occur in such natural hosts; 
dogs, in particular, serving as natural reservoir hosts for Bartonella spp. have 
been shown to occasionally exhibit clinical manifestations mimicking the 
severity of clinical entities observed in incidental human hosts (38).  
Interestingly, induction of disease in incidental hosts may occur in the 
absence of intra-erythrocytic invasion, as evidenced by the intraerythrocytic 
presence of B. quintana in humans (natural host) in contrast to the absence 
of erythrocytic infection of B. henselae in humans (incidental host).  Given 
the multitude of domestic and wild animal reservoirs and arthropod vectors in 
addition to relatively high seroprevalence of antibodies to Bartonella spp. 
among various populations of humans and animals (discussed in further detail 
below), exposure to Bartonella spp. is likely more extensive than is 
commonly acknowledged (38).   

Bartonella spp. genomes 
Recent advancements in the genomic analyses of various Bartonella spp. 
have begun to elucidate the genetic factors contributing to the pathogenicity 
and host specificity characteristic of members of the genus Bartonella.   To 
date, the complete genome sequences of 4 Bartonella spp. have been 
deciphered: feline-specific B. henselae (1.9Mb) (3), human-specific B. 
quintana (1.6Mb) (3), rat-specific B. tribocorum (2.6Mb) (262), and rodent-
specific B. grahamii (2.3Mb) (22).  Additionally, the gene content of the 
feline-specific B. koehlerae has been estimated (1.7-1.8Mb) using 
comparative genomic hybridization with the known B. quintana genome 
(184), and the genome of human-specific B. bacilliformis (1.4Mb) has been 
completely sequenced, though has not been reported in detail to date 
(unpublished data).  With the exception of B. grahamii, which contains an 
additional 28 Kb plasmid, all currently known Bartonella genomes consist of 
single, circular chromosomes with backbones that are colinear and 
homologous to a large extent.  A core genome, consisting of over 900 genes, 
is common to all species sequenced to date.  However, variations in the 
genomic structure of each species outside of this core appear to relate to 
differences in the ecology and host specificity of the organisms (93).  For 
example, B. quintana exhibits a very narrow and strict vector-host ecological 
relationship, utilizing only the human as a reservoir host and body louse as a 
vector, whereas B. henselae is more diverse, thriving in both cats and 
humans and utilizing vectors of a broader host potential.  Genome 
comparisons of the two pathogens reveal a large degree of homology, yet 
distinct differences include the deletion in B. quintana of a prophage region 
and 3 genomic islands (GEIs) coding for filamentous hemagglutinin that are 
present in B. henselae, and a generalized genome reduction in B. quintana 
(3).  The vector-host specialization characteristic of B. quintana has been 
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associated with a degradation of extrachromosomal DNA and phage genes 
leading to inflexibility in the accommodation of change, notably in the 
expansion of environmental niches (3).  Likewise, sequences in the prophage 
and GEI regions present in B. henselae are partially absent in the genome of 
B. koehlerae, also considered a specialist with the cat as a limited host, as 
well.  The partial retention of these regions, however, has led to the 
hypothesis that B. koehlerae is a genomic intermediate of B. henselae and B. 
quintana (184).  In contrast to the genomic reductions apparent in B. 
quintana and B. koehlerae, the genomic sequence of B. tribocorum reveals a 
significant genome expansion, resulting from gene duplication and accessory 
gene regions, including host-adaptability genes encoding type IV (VirB, 
Trw) and Type V (adhesins, autotransporters) secretion systems, which 
appear to play limited roles in the host adaptation and specificity of not only 
B. tribocorum, but B. quintana, B. henselae, and B. grahamii as well (22, 
262).  The genome sequences of B. tribocorum and B. grahamii, both 
rodent-specific pathogens, represent the two largest genomes to date and 
contain the greatest abundance of genes for putative host-cell interaction 
systems (22).  B. grahamii, for example, contains 16 highly variable GEIs 
containing many gene clusters, several of which are also present in B. 
henselae GEIs to a lesser extent, encoding secretion systems (22).  The 
impact of genome sizes and interspecies heterogeneity on pathogenicity and 
inclination for host specificity will likely be further defined through 
continued genome sequencing of additional Bartonella spp.  

Bartonellae and their spectrum of clinical 
manifestations 
The spectrum of human disease and pathologic syndromes associated with 
these pathogens is remarkably diverse (see Table 2) and has continued to 
broaden since the identification of the first member of the genus Bartonella 
in the early 1900’s.  Bartonellae are considered emerging infectious agents; 
the array of clinical syndromes found to be associated with Bartonella spp. is 
broadening at nearly an equivalent pace as the number of species within the 
genus.  Pathologies attributable to Bartonella spp. range from 
vasoproliferative lesions to granulomatous inflammation and may have a 
relatively benign and self-limited evolution or potentially even a severe, life-
threatening one.  Largely attributable to recent advancements in molecular 
biology techniques and increased accessibility thereof, in addition to 
redefined phylogenetic classification systems, Bartonella spp. have been 
implicated as the zoonotic causative agents of a wide range of clinical 
pathologies in both immunocompetent and immunocompromised patients, 
with manifestations including culture-negative endocarditis, CSD, chronic 
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bacteremia, bacillary angiomatosis (BA), chronic lymphadenopathy, bacillary 
peliosis hepatitis, neuroretinitis, meningoencephalitis, osteomyelitis, 
granulomatous hepatitis, and recurrent fever.  The impact of Bartonella 
infections has thus become profound. 

B. bacilliformis 
The sole member of the genus Bartonella for decades, B. bacilliformis is the 
causative agent of Carrion’s disease, or classical bartonellosis, which was 
responsible for the historic outbreaks of Oroya fever in the late 19th century 
in the Andes Mountains and is still endemic to regions of Peru, Ecuador, and 
Columbia (50, 190, 263).  The biphasic nature of this disease demonstrates 
the two pathogenic features unique to the genus Bartonella; the first phase, 
Oroya fever, involves invasion of human erythrocytes and results in an often 
fatal acute hemolytic anemia; the second phase, verruga peruana, involves 
infection and prominent proliferation of endothelial cells, resulting in 
characteristic skin eruptions of papules and nodules.  The disease was named 
in 1885 after a medical student, Daniel Carrión, who inoculated himself with 
the agent to prove that Oroya fever and verruga peruana were manifestations 
of the same infection; he subsequently died of the illness (109).   Bartonella 
bacilliformis is transmitted by the sandfly (Lutzomya verrucarum).  In 
endemic regions, 45-77% of the human population may harbor antibodies to 
the organism (50, 164), 10-15% of which may be asymptomatic carriers, 
serving as the disease reservoirs (289).   

B. quintana 
B. quintana was also associated with a historic endemic, trench fever, which 
afflicted over one million soldiers in World War I and a smaller number in 
World War II.  Trench fever is characterized by a recurrent, cycling fever.  
Historically recognized as the etiologic agent of trench fever, B. quintana 
has also recently re-emerged as a cause of chronic bacteremia and 
endocarditis, termed “urban trench fever,” primarily among alcoholics and 
homeless men (42, 44, 78, 79, 88, 247, 278), as well as BA and bacillary 
peliosis in immunocompromised individuals (20, 111, 159).  BA is a 
vasoproliferative disorder characterized by cutaneous manifestations of 
vascular tumors of the skin and subcutaneous tissues, including single or 
multiple discolored cutaneous nodules, hyperpigmented lichenoid plaques, 
and subcutaneous nodules with the potential to ulcerate (65, 152, 157).  The 
lesions are often indistinguishable from those observed in the Oroya fever 
stage of Carrion’s disease (228).   Bacillary peliosis, often occurring in 
conjunction with BA, is also characterized by angiogenesis and involves 
dissemination of infection to the reticuloendothelial organs, the most 
common of which is the liver (peliosis hepatis) and spleen.  Bartonella 
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quintana is transmitted by the human body louse (Pediculus humanus 
corporis) and, like B. bacilliformis, utilizes the human as its sole natural 
reservoir.  

B. henselae 
First identified in 1990 as an etiologic agent of recurrent fever, BA and its 
parenchymal variant among a cohort of human immunodeficiency virus 
(HIV)-infected individuals (252, 256, 274, 293), B. henselae (Houston-1 
strain) is regarded as one of the most highly pathogenic species among all of 
the Bartonellae.  The domestic cat (Felis domesticus), asymptomatic during 
the course of bacteremia, serves as the primary vertebrate reservoir for 
human B. henselae infection (158, 161), though limited reports of CSD 
associated with dog contact have been forthcoming in recent years (147, 194, 
285).  Nearly 50% of cats in some regions, domestic and feral combined, 
have been shown to harbor B. henselae at a given time (203).  Experimental 
studies have substantiated the cat flea (Ctenocephalides felis) to be a vector 
responsible for feline horizontal transmission of the organism (56, 307); 
rarely, arthropod vectors such as flies and ticks may additionally be 
implicated in transmission of the disease to humans (60, 307).  Incidences of 
CSD, in particular, have been found to directly correlate with increasing 
climate temperature gradients, which directly correlate as well with 
increasing numbers of potential arthropod vectors, such as fleas (138).  The 
extensive spectrum of granulomatous and vasculoproliferative diseases 
stemming from this emerging pathogen, manifested in both 
immunocompetent and immunocompromised patients, exemplify the 
diversity of histopathologic lesions for which the organisms can be 
attributed.  Implicated in the etiology of BA, bacillary peliosis, endocarditis, 
fever of unknown origin, and persistent bacteremia with recurrent fever 
(132, 140, 247, 254, 293), B. henselae is perhaps most notably recognized 
for its role as the etiologic agent of CSD.  

CSD 
Cat scratch disease (CSD), a common infection afflicting primarily children, 
has a worldwide distribution and is the most common zoonotic human 
infection caused by Bartonella spp.  Documentation of the first report of 
symptoms consistent with CSD can be traced back to the late 19th century in 
association with the description of Parinaud’s oculoglandular syndrome 
(POS) and its link to animal contact in 1889 (235).  A direct association 
between cats and the disease was subsequently described by Debre et al. (72) 
six decades later.  Having remained elusive for decades, the definitive 
etiologic agent of CSD was only in recent years identified as Rochalimae 
henselae, now classified as B. henselae, by Regnery et al. in 1992 (252).  
Though B. henselae Houston-1 strain constitutes the primary etiologic agent 
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of CSD, B. henselae Marseille strain, B. clarridgeiae, B. koehlerae, and B. 
doshiae have also been identified as agents of the disease in limited cases 
(162, 176, 196, 300).  Initially, CSD presents clinically as an erythematous 
and nonpruritic papule on the skin at the site of inoculation, followed by 
tender regional, ipsilateral lymphadenopathy proximal to the inoculation site, 
typically affecting the axillary, cervical, submandibular, inguinal, pre-
auricular, and femoral lymph nodes (45, 193, 197).  Other less prevalent 
symptoms include malaise, fever, anorexia/emesis, headache, splenomegaly, 
pharyngitis, exanthema, conjunctivitis, arthralgia, and dermatologic 
manifestations, such as macular or papulovesicular rash, urticaria, erythema 
annulare, and erythema nodosum (144, 193, 197).  Interestingly, despite its 
designation as “cat scratch fever,” only approximately 10-30% of CSD 
patients actually develop a low-grade fever as a manifestation of infection 
(45, 197).  Typically, the course of CSD is benign and self-limited, with the 
majority of cases resolving spontaneously after a course of two to eight 
weeks in immunocompetent patients.  Severe immunosuppression, however, 
particularly secondary to HIV and its advanced stage of acquired 
immunodeficiency syndrome (AIDS), as well as organ transplantation, is 
associated with disseminated, often tissue-invasive forms of CSD which 
have the potential to be life-threatening (32).  Manifestations in such patients 
include BA, bacillary peliosis, and persistent or relapsing fever in 
association with bacteremia.  In the immunocompromised patient with 
severe manifestations and complications of CSD, a prolonged regimen of 
antibiotics is recommended (76, 300).   

Atypical sequelae of CSD manifest in 5-25% of immunocompetent 
patients, with ocular involvement representing the most prevalent 
presentation in such cases (144, 300).  Documented as the first description of 
CSD decades ago, POS is in fact the most common form of atypical 
infection in immunocompetent individuals.  Occurring in approximately 6% 
of all CSD cases (118), POS is a form of conjunctivitis characterized by a 
granulomatous nodular lesion of the palpebral conjunctiva at the site of 
inoculation with associated ipsilateral preauricular lymphadenopathy.  
Neuroretinitis, also an optical manifestation of atypical CSD, manifests as 
painless acute onset of unilateral visual field loss in association with optic 
nerve edema and stellate exudative macular lesions (251).  Symptoms of 
POS and neuroretinitis typically resolve with full recovery of vision within 
several months with or without antiobiotic treatment (187, 195).  Atypical 
CSD sequelae can also manifest as neurological involvement, accounting for 
1-7% of CSD cases (8, 217); encephalopathy is the most common such 
manifestation and presents as acute onset of severe headache, confusion, 
seizure, coma, or other focal neurologic deficit weeks following the initial 
presentation of lymphadenopathy (269).  Symptoms, however, are typically 
self-limiting and resolve without permanent neurological sequelae in the 
absence of antibiotic treatment (300).  
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B. elizabethae 
Regarded as a human pathogen among the Bartonellae, B. elizabethae has 
been isolated from a human only once, in 1992, from the blood of an 
immunocompetent patient with endocarditis (70).  Since that time, no other 
reports of B. elizabethae isolation from humans have been documented, with 
the exception of a recent study documenting the isolation of two genotypes 
of Bartonella with a 97.9% and 95.4% rate of similarity to B. elizabethae 
from febrile patients in Thailand (170).  Interestingly, these patients were 
among a cohort of which 71% and 36% reported rat exposure and dog or cat 
ownership, respectively (170).  Various recent studies primarily during the 
past decade have obtained isolates either identical or closely related to the 
organism from non-human vertebrates, however, namely rodents of the 
genus Rattus and other small mammals (10, 12, 30, 71, 89, 113, 123, 135, 
137, 151, 222, 283, 301, 304, 306) and dogs (216), as well as mouse and rat 
fleas (71, 198), in various countries around the world, including the U.S., 
China, Thailand, Israel, Taiwan, Spain, Portugal, Indonesia, Bangladesh, 
Japan, and Afghanistan.  A serological analysis of trapped Norway rats 
(Rattus norvegicus) in the U.S. (84) demonstrated that 39% of such rats had 
detectable antibodies against B. elizabethae.  Serological studies in the 
absence of isolation have indicated a potential link between B. elizabethae 
and other clinical manifestations, including Leber’s idiopathic stellate 
neuroretinitis (230) and myocarditis (130, 298).  Additionally, an increased 
rate of seropositivity to B. elizabethae of between 33% and 52% has been 
demonstrated among cohorts of homeless individuals (87, 276) and urban 
intravenous drug users (63, 64).  Limited by the paucity of confirmed 
clinical cases of B. elizabethae infection, the significance of the increased 
seroreactivity to the antigen among certain subgroups remains to be firmly 
established and is the focus of further discussion below. 

Other Bartonellae 
Several Bartonella species have been implicated as etiologic agents of 
endocarditis in addition to B. quintana, B. henselae, and B. elizabethae as 
mentioned above, namely B. vinsonii subsp. berkhoffii, B. vinsonii susp. 
arupensis, B. clarridgeiae, and B. koehlerae; however, B. henselae and B. 
quintana remain the most prevalent Bartonella etiologic agents of 
endocarditis (9, 70, 100, 176, 261).  B. grahamii has been implicated in 
neuroretinitis (148).  B. rochalimaea, B. vinsonii susp. arupensis, B. 
washoensis, and B. tamiae have all been associated with fever in the host 
(95, 167, 169, 176, 294). Additionally, B. washoensis has been implicated as 
an agent of myocarditis (167).  Finally, B. rochalimiaea has been involved 
with cases of bacteremia, splenomegaly, and cutaneous lesions (95).  
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Laboratory diagnosis of Bartonella infection 
As there are no clinical features of Bartonella infections that are 
pathognomonic among a wide range of potential differential diagnoses, 
laboratory testing is required for a definitive diagnosis of Bartonella 
infection.  Historically, the original criteria for clinical diagnosis of CSD 
dictated that 3 out of 4 given conditions be fulfilled: (i) history of contact 
with a cat with concomitant presence of a scratch or primary dermal or eye 
lesion, (ii) a positive skin test, utilizing pus derived from infected lymph 
nodes as antigen, (iii) regional lymphadenopathy in the absence of positive 
tests for other differential diagnoses of lymphadenopathy, and (iv) 
characteristic histopathologic changes in a lymph node biopsy specimen 
(292).   Given the potential for transmission of infectious agents, however, in 
addition to the current availability of advanced and standardized diagnostic 
assays, the skin test is no longer utilized.   

Bacterial culturing of blood or tissue samples is impractical and 
unreliable due to the fastidious nature of the organisms and the highly 
specific conditions they require for optimal growth, as described above.  The 
prolonged incubation period and fastidious growth requirements 
characteristic of Bartonellae are also associated with primary media 
contamination and low isolation sensitivities (6).  It has been found that 
successful isolation or detection of Bartonella spp. organisms from the blood 
or tissues of infected patients is rare in the absence of systemic disease; in 
the case of B. henselae infection, for example, the organisms can generally 
be isolated from immunocompromised patients with endocarditis, BA, 
peliosis hepatis, and relapsing fever, yet are rarely isolated from specimens 
of immunocompetent patients with CSD, as much of the lymphadenopathy 
and other pathologic manifestations of infection in CSD are considered 
secondary to a cell-mediated immune response against antigenic components 
of the pathogen rather than to actual bacterial invasion and proliferation  (6, 
112).  Further, as patient specimens are often collected subsequent to the 
administration of antimicrobial agents, the success rate for bacterial growth 
remains low (173).  For these reasons, Bartonella spp. are rarely cultivated 
in most microbiology laboratories for diagnostic purposes.   

PCR techniques are a highly sensitive and specific method for definitive 
species identification in the diagnosis of Bartonella spp. infections.  The 
genes and genetic loci most commonly targeted in diagnostic PCR assays, as 
well as phylogenetic analyses, include the 16S rRNA-encoding gene, the 
citrate synthase gene (gltA), the 16S/23S intergenic spacer region (ITS), the 
cell division protein-encoding gene (ftsZ), and the 60 kDa heat-shock 
protein-encoding gene (groEL) (133).  Advancements in PCR methodology 
using real-time PCR or quantitative PCR in the place of conventional PCR 
have led to decreased risk of carryover contamination and increased 
quantitative capability, speed, simplicity, and reproducibility (99).   
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Serological testing is currently the most frequently utilized means of 
clinically diagnosing infection with Bartonella spp., largely on account of 
accessibility and practicality.  Developed by Regnery et al. (253) as a highly 
sensitive and specific serologic diagnostic assay for the detection of 
Bartonella spp. in the diagnosis of CSD, the indirect fluorescent-antibody 
(IFA), which uses Vero cell co-cultivated antigen to reduce the autoadherent 
nature of the organism, has proven the most commonly employed diagnostic 
modality to date for the laboratory diagnosis of Bartonella infections (4, 25, 
69, 246, 253, 307, 309), though the enzyme-linked immunosorbent assay 
(ELISA), also referred to as enzyme immunoassay (EIA), is used routinely 
as well (14, 25, 114, 185).  High immunoglobulin (Ig) G titers of >1:64 are 
suggestive of recent infection, and a four-fold or greater rise in IgG titer in 
acute and convalescent serum samples is confirmatory of infection (65).  A 
positive titer to IgM is indicative of acute infection, though the window of 
IgM production is minimal.  Whereas titers of >1:64-256 are generally 
considered seropositive in cases of Bartonella spp. infection, a cutoff titer 
value of >1:800 is suggested in the clinical serodiagnosis of Bartonella 
endocarditis (107).  Though these serological methodologies are efficient, 
widespread, and practical, they are hindered by limitations as well, namely 
differences in sensitivities found in different laboratories, which routinely 
utilize differing methods of antigen preparation, and numerous reports of 
cross-reactivity (see below).  Additionally, in limited cases, individuals 
infected with Bartonella spp. may fail to mount a detectable antibody 
response (189), and, conversely, some infected individuals have been found 
to remain seropositive for years (69).  Modifications to improve the 
efficacies of serologic detection methods are pending a more comprehensive 
delineation of the factors influencing the pathogenesis of infection due to 
Bartonella spp. and the evoked human immune response, such that more 
refined antigens, such as purified organisms or recombinant antigens, 
specific to the various species at hand be substituted in order to enhance the 
sensitivities and specificities of the assays.  

Various attempts at identifying more specific antigens for incorporation 
into diagnostic serologic assays have been made via Western blot studies.  
Facilitated by the identification of species-specific epitopes, Western 
immunoblot has been used to differentiate Bartonella spp. infectious 
endocarditis from other Bartonella spp. infections as well as to serologically 
differentiate Bartonella spp. pathogens at the species level; 10-, 20-, 30-, 
45-, 65-, and 83-kDa proteins of B. quintana were found to be more highly 
recognized by patients with B. quintana endocarditis than by patients with B. 
henselae endocarditis (134, 192).  On account of the cross-reactive potential 
inherent in other serological assays as mentioned above, various additional 
investigations have sought to identify species-specific antigenic targets for 
inclusion in diagnostic assays for other Bartonella infections as well in order 
to improve their specificity; species-specific immunoreactive epitopes 
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identified thus far include 8-, 17-, 23-, 80-, 83-, 116-, 208-, 208.5-, 209-kDa 
B. henselae (Houston-1) antigens (5, 182, 185, 210).  Further 
immunoreactive proteins of 41-, 21-, 32-, and 26-kDa have been identified 
as species-specific epitopes for B. bacilliformis, B. henselae (Marseille), B. 
quintana, and B. elizabethae, respectively (182).  Anti-Bartonella adhesion 
A (BadA) antibodies have additionally been targeted for use in immunoblot 
assays for the laboratory diagnosis of B. henselae infections, with a reported 
sensitivity and specificity of 74% using IFA-positive sera (290).  For the 
diagnosis of chronic bartonellosis in association with B. bacilliformis 
infection, a diagnostic immunoblot utilizing a sonicated antigen preparation 
has been developed with a reported 94% sensitivity and 100% specificity 
(192).   

Other diagnostic means of more limited efficacies have been employed as 
well for the identification of Bartonella spp.  Microscopic evaluation of 
infected tissue using Warthin-Starry stain, immunohistochemistry, and 
transmission electron microscopy has been utilized to provide a histologic 
diagnosis of Bartonella spp. infection, particularly in the cases of 
endocarditis, BA, and CSD (65, 111, 181, 250); staining with murine 
monoclonal antibodies to detect the intracellular, polymorphic organisms 
directly has also been used either solely or in conjunction with Warthin-
Starry staining to visualize the pathogens (136, 259). 

Serological cross-reactivity 
Immunological cross-reactivity as a result of conserved epitope recognition 
across species, highlighted by the high degree of homologous overlap of 
Bartonella spp. genome backbones as discussed above, is a frequent 
occurrence in diagnostic serologic assays for a wide spectrum of bacterial 
genera.  The first documentation of a serological cross-reaction between a 
Bartonella species and a heterologous pathogen was published in 1976, 
when Coxiella burnetii sera was found to cross-react with Rochalimaea 
(later Bartonella) quintana antigen in the diagnosis of trench fever using a 
passive hemagglutination test (66).  Since that time, numerous reports have 
documented cross-reactivity in serologic assays between Bartonella and 
other heterologous agents, including Gram-positive and –negative bacteria as 
well as viruses, namely Afipia felis, Anaplasma phagocytophila, Brucella 
spp., Borrelia spp., Chlamydia pneumoniae, C. psittaci, C. trachomatis, C. 
burnetii, cytomegalovirus, Ebstein-Barr virus, Ehrlichia canis, Orientia 
tsutsugamushi, Rickettsia conorii, R. prowazekii, R. rickettsii, and R. typhi 
(57, 78, 90-92, 115, 117, 128, 129, 154-156, 172, 179, 186, 192,  205-208, 
210, 234, 242, 247, 253, 265, 273, 275, 280, 309, 311). 

Cross-reactions among the different species of the genus Bartonella have 
been the most extensively studied and documented cross-reactions in the 
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literature to date.  Numerous studies analyzing the serologic response to 
Bartonella spp. in the diagnosis of CSD and endocarditis have reported 
markedly high concordance rates of seropositivity to more than one 
Bartonella spp. antigen.  Elevated titers to both B. henselae and B. quintana 
in the serologic analyses of suspected or confirmed CSD patient sera with 
concordance rates as high as 94-100% on IFA is a frequent finding (69, 83, 
208, 242, 247, 265, 280, 291).  Studies employing serologic assays other 
than the IFA, such as EIA and immunoelectrophoresis, have also reported 
significant cross-reactivity for these antigens (90-92).  Additionally, 
immunoblot studies have evidenced cross-reactivity between B. henselae, B. 
vinsonii, B. quintana and B. elizabethae (134, 205).   

Due to the cross-reactivity seen within the species of Bartonella, several 
Bartonella spp. antigens are typically included in the antigenic panel of 
serologic assays, particularly the IFA, in the detection and diagnosis of 
infections for which more than one of several Bartonella spp. are potential 
etiologic agents, such as CSD or endocarditis.  In general, both B. henselae 
and B. quintana antigens are included in the assay, with the frequent inclusion 
of B. elizabethae as well; infrequently, other Bartonella agents are additionally 
tested, including B. clarridgeiae, B. grahamii, and B. henselae (Marseille 
strain).   

Table 3 provides a listing of the numerous heterologous pathogenic 
agents which have been shown to cross-react with Bartonella spp. antigen or 
antibodies in various serological assays. 

TABLE 3.  Studies reporting on the occurrence of heterologous cross-reactivity with 
Bartonella spp. 
Author (year) Year Antigen Cross-Reactive Antibodies Assay 

Cooper et al.  1976 R. quintana C. burnetii  PHA1 
Hollingdale et al.  1978 R. quintana R. tsutsugamushi, R. prowazekii, 

R. typhi,  R. rickettsii 
EIA2, CIE3 

Hollingdale  et al.  1980 B. quintana R. tsutsugamushi CIE 

Koehler et al.  1988 B. henselae A. felis  IPS4 

Knobloch et al. (a)  1988 B. bacilliformis 
(lipopolysaccha-
ride) 

C. psittaci ELISA5 

Knobloch et al. (b)  1988 B. bacilliformis C. psittaci ELISA 

LeBoit et al. 1988 B. henselae A. felis IPS 

Slater et al.  1990 EBV, CMV B. henselae IFA6 

Reed et al.  1992 B. quintana B. henselae IHC7 

Regnery et al. (b) 1992 B. henselae Brucella spp., Borrelia spp.  IFA 

Slater et al. (b) 1992 S. aureus B. henselae EIA 

Engbaek et al. (a) 1994 B. henselae 
B. quintana 
A. felis 

B. quintana, A. felis 
B. henselae, A. felis 
B. henselae, B. quintana 

RLIE8 

RLIE 
RLIE 

Engbaek et al. (b) 1994 B. quintana 
B. henselae 
B. abortus 

B. henselae, A. felis 
B. quintana 
B. henselae, B. quintana 

EIA 
EIA 
EIA 
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Maurin et al.  1994 B. quintana B. vinsonii, B. henselae WI9 

Drancourt et al.  1995 C. pneumoniae  
C. trachomatis, 
C. psittaci 

B. quintana 
B. quintana 

IFA, WI 
IFA 

Szelc-Kelly et al.  1995 A. felis B. henselae ELISA 
Zbinden et al. 1995 B. henselae EBV (IgM) IFA, WI 

La Scola et al.  1996 B. henselae 
B. quintana 
C. burnetii 

C. burnetii  
C. burnetii  
B. henselae  

IFA 
IFA 
IFA 

Raoult et al.  1996 C. pneumoniae, 
C. trachomatis, 
C. psittaci 
B. quintana 
B. henselae 
(Marseille) 

B. henselae, B. quintana 
B. henselae, B. elizabethae 
B. henselae (Houston) 

IFA 
IFA 
IFA 

Engbaek et al. 1997 B. henselae B. quintana, A. felis EIA 

Maurin et al.  1997 C. pneumoniae 
B. quintana 

B. quintana 
C. pneumoniae 

IFA, WI 
WI 

Pappalardo et al. 1997 E. canis B. vinsonii (berkhoffii) IFA 

McGill et al.  1998 B. henselae R. rickettsii, R. prowazekii, F. 
tularensis, T. pallidum, Chlamydia 
spp.,  M. pneumoniae, E. 
chaffeensis, E. coli, O. 
tsutsugamushi 

WI 

Sander et al. 1998 B. henselae EBV, C. pneumoniae  IFA 

Graham et al. 2000 C. burnetii B. henselae, B. quintana EIA 

Mallqui et al.  2000 B. bacilliformis 
(sonicated) 
B. bacilliformis 
(glycine-
extracted) 

Brucella spp., C. psittaci, C.  
burnetii  
 
Brucella spp., C. psittaci, C.  
burnetii 

WI 
 
WI 

Maurin et al. 2000 C. trachomatis B. henselae, B. quintana IFA 

Chomel et al. 2001 B. clarridgeiae E.(Anaplasma) phagocytophila IFA 

Maurin et al. 2002 B. henselae 
B. quintana 
B. henselae, B. 
quintana 

B. quintana 
B. henselae 
CMV,  C. burnetii, R. conorii   

IFA 
IFA 
IFA 

Gilmore et al.  2003 B. vinsonii 
(berkhoffii) 
(sucB gene) 

F. tularensis, C. burnetii, R. typhi, 
B. quintana, B. vinsonii (vinsonii), 
B. henselae (Houston), B. 
elizabethae 

WI 

Houpikian et al.  2003 B. henselae, B. 
quintana, B. 
elizabethae, B. 
vinsonii subsp. 
berkhoffii 

B. henselae, B. quintana 
(endocarditis antisera) 

WI 

Litwin et al.  2004 B. henselae 
(sucB gene) 

B. melitensis, M. pneumoniae, F. 
tularensis, C. burnetii, R. typhi 

WI 

Znazen et al. 2005 C. pneumoniae, 
C. psittaci, C. 
trachomatis 

B. henselae, B. quintana IFA 

Rahimian et al.  2006 C. burnetii 
B. quintana 

B. quintana 
B. henselae 

IFA 
IFA 

1PHA, passive hemagglutination test; 2EIA, enzyme immunoassay; 3CIE, counterimmunoelectrophoresis; 
4IPS, immunoperoxidase staining; 5ELISA, enzyme-linked immunosorbent assay; 6IFA, indirect 
fluorescent-antibody assay; 7IHC, immunohistochemistry;  8RLIE, rocket-line immunoelectrophoresis; 
9WI, Western immunoblot  
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Bartonella seroprevalence studies 
Seroprevalence in various human subpopulations 
As the spectrum of clinical manifestations with which Bartonella species are 
etiologically associated continues to unfold, seroepidemiological studies 
surveying the degree of exposure to different Bartonella spp. within various 
human subpopulations have aided the understanding of risk factors for 
infection and the susceptibilities of various individuals to disease.   A high 
degree of variation in prevalence of Bartonella spp. antibodies in select 
populations has been found in different studies conducted around the world.  
The seroprevalence of antibodies against B. henselae and B. quintana among 
blood donors and otherwise healthy individuals, for example, has been 
shown to range from 0.6% to 61.6% and 0% to 57%, respectively (2, 7, 33, 
41, 49, 61, 68, 87, 102, 110, 119, 122, 130, 139, 171, 177, 200, 202, 213, 
218, 232, 239, 265, 266, 268, 270, 279, 281, 305, 308)  (See Table 4 for a 
comprehensive listing of the Bartonella spp. seroprevalence reported among 
blood donors and healthy adults and children world-wide).  Among homeless 
individuals, the prevalence of antibodies against B. quintana varies widely 
by country as well, with reports of 1.8-54% (41, 43, 106, 119, 260), 57% 
(270), 48.3% (54), 4.2% (87), and 9-20% (139, 276) seroprevalence in 
France, Japan, Poland, Sweden, and the U.S., respectively.  In Sweden and 
the U.S., sera from the homeless population was tested against additional 
Bartonella antigens as well, with reported seroprevalence of 29.2%, 52.1%, 
and 2.1% to B. henselae, B. elizabethae, and B. grahamii antigens, 
respectively, in Sweden (87) and 3.5% and 12.5% to B. henselae and B. 
elizabethae, respectively, in the U.S. (276).  Among HIV-positive 
individuals, prevalence of antibodies against Bartonella spp. have been 
reported to be relatively high, with seroprevalence of 38.4% (177) and 
40.8% (175) in Brazil, 14% (245), 17.3% (34) and 22.3% (240) in Spain, and 
17% (160) in the U.S.   High levels of B. elizabethae antibodies have been 
reported among intravenous drug users (IVDU) in both the U.S. and 
Sweden, with seroprevalences of 33% and 46% in two different studies in 
the U.S. (63, 64) and 39% in Sweden (212).  Reported seroprevalence for 
other Bartonella spp. antigens among this cohort include the following: B. 
henselae, 11% (63), 10% (63), and 14% (212); B. quintana, 10% (63, 64), 
and 3% (212); B. grahamii, 3% (212); and total Bartonella spp., 14% (245).  
Investigations targeting veterinary-associated individuals have shown B. 
henselae seroprevalence of 65% in Austria (145), 10.3% in Chile (102), 
10.9-15% in Japan (150, 171), 45% in Poland (54), 1.7% in Taiwan (52), and 
7.1% in the U.S. (227).  Finally, B. henselae antibodies have been shown to 
be highly prevalent among cat owners in various distributions around the 
world, with 26%, 10.3%, 53.3%, and 28.9% seroprevalence reported in the 



 28 

countries of Austria (272), Chile (102), Poland (54), and Spain (33), 
respectively. 

TABLE 4.  Seroprevalence of Bartonella spp. among blood donors and other 
healthy adults and children in various countries 

Ref Country Assay N Study population Bartonella spp. 
tested 

Total 
sero-
positive 
(%) 

68 Brazil IFA1 437 Blood donors B. henselae 
B. quintana 

13.7 
12.8 

177 Brazil IFA 125 Blood donors B. henselae 34.4 
61 British 

Columbia 
IFA 142 Healthy Adults B. henselae 36.8 

102 Chile IFA 181 Healthy children B. henselae 13.3 
279 China IFA 351 Blood donors B. henselae 14.8 
49 China IFA 579 Healthy 

individuals 
Bartonella spp. 10.9 

232 Croatia IFA 100 Blood donors 
Healthy children 

B. henselae 50 

268 Denmark IFA 159 Blood donors B. henselae 
B. quintana 
B. elizabethae 

0.6 
0 
0 

41 France IFA 250 Blood donors B. quintana 0 
119 France IFA 53 Blood donors B. quintana 2 
265 Germany IFA 270 Healthy adults B. henselae 30 
266 Germany IFA 116 Healthy children B. henselae 13 
7 Greece IFA 63 Healthy children Bartonella spp. 15.9 
281 Greece IFA 500 Blood donors B. henselae 

B. quintana 
19.8 
15 

218 Greece IFA 491 Blood donors B. henselae 21.6 
202 Italy IFA 508 Healthy children B. henselae 61.6 
171 Japan IP2 155 Healthy students B. henselae 4.5 
270 Japan IFA 200 Blood donors B. quintana 57 
2 Jordan IFA 482 Healthy children B. henselae 

B. quintana 
11 
4.1 

308 New 
Zealand 

IFA 140 Blood donors B. henselae 5 

164 Peru WB3 544 Healthy 
individuals 

B. bacilliformis 77.5 

50 Peru IFA 690 Children and 
adults in endemic 
area4 

B. bacilliformis 45 

33 Spain IFA 85 Blood donors B. henselae 5.9 
110 Spain IFA 146 Healthy 

individuals 
B. henselae,  
B. quintana 

24.7 

239 Spain IFA 218 Healthy 
individuals 

B. henselae 8.7 

130 Sweden IFA 100 Blood donors B. henselae 1 
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B. quintana 
B. elizabethae 

0 
4 

211 Sweden IFA 322 Blood donors B. henselae 
B. quintana 
B. elizabethae 

1.6 
0.3 
6.8 

213 Sweden IFA 498 Blood donors B. henselae(H)5 
B. henselae (M)6 
B. quintana 
B. elizabethae 
B. grahamii 
B. vinsonii6 

1.2 
1.8 
0.2 
14.1 
2.6 
0 

87 Sweden IFA 61 Blood donors B. henselae 
B. quintana 
B. elizabethae 
B. grahamii 

1.6 
1.6 
14.8 
4.9 

200 Thailand IFA 163 Blood donors B. henselae 5.5 
305 Turkey IFA 800 Blood donors B. henselae 6 
139 U.S.A. IFA 199 Blood donors B. quintana 2 
122 U.K. IFA 200 Blood donors B. henselae 

B. quintana 
1.5 
1.5 

1IFA, indirect fluorescent-antibody assay; 2IP, immunoperoxidase test; 3WB, Western blot;  
4subjects derived from an endemic area of Carrion’s disease; 5B. henselae (H), Houston-1 
strain; 6B. henselae (M), Marseille strain; 6B. vinsonii subsp. vinsonii 

Seroprevalence in cats 
As the domestic cat serves as a natural reservoir for some Bartonella spp., 
namely B. henselae, B. clarridgeiae, B. koehlerae, and B. weissii, and is 
responsible for direct transmission of disease to humans, a multitude of 
seroprevalence studies over the past 2 decades have sought to investigate the 
degree of exposure of cats to Bartonella spp. in a worldwide distribution.  
The results of such serological studies indicate that cats harbor a significant 
degree of Bartonella spp. antibodies, primarily to B. henselae, with total 
seroprevalence of up to 93% (229).   See Table 5 for a complete listing of the 
results of the numerous feline seroprevalence studies conducted in various 
regions of the world.  Observed trends in the results of the studies below 
indicate that feral cats typically exhibit a higher prevalence of antibodies 
against B. henselae than domestic cats, presumably due to increased 
exposure to arthropod vectors.  There is also a temperature gradient such that 
higher B. henselae seroprevalences correlate with warmer regions of the 
world, as evidenced in the studies in Chile (85.6%), Spain (71.4%), Hawaii 
(73.7%), compared to the cooler regions of Sweden (1%), Alaska (5%), and 
Norway (1%).  
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TABLE 5.  Feline seroprevalence of Bartonella spp. in various cat populations of a 
world-wide distribution 

Ref. Country Assay No. of 
cats 

Type of cat (N) Bartonella spp. 
tested 

Pos. 
(%) 

Total 
Pos. 
(%) 

67 Brazil IFA1 40 Veterinary2 B. henselae 47.5 47.5 
180 Canada IFA 242 Farmed (242) B. henselae  

B. clarridgeiae 
17.8 
18.6 

NS3 

1 01 Chile IFA 187 Domestic (NS) 
Feral (NS) 

B. henselae 72.5 
90.4 

85.6 

58 Denmark IFA 93 Domestic (44)  
Feral (49) 

B. henselae 44.2  
46.9  

45.7 

121 Germany IFA 713 Veterinary 

(713) 
B. henselae 
(H)4 
B. henselae 
(M)5  
B. quintana 

6.2  
 
5.6 
 
14.3  

15 

96 Italy IFA 540 Feral (540) B. henselae 38 38 
97 Italy IFA 1581 Feral (1416) 

Domestic 
(165) 

B. henselae 39  
43.5  

39.5 

236 Italy IFA 79 Veterinary (79) B. henselae 21.5 21.5 
286 Japan IFA 199 Domestic 

(199) 
B. henselae 15.1 15.1 

199 Japan IFA 471 Domestic 
(471) 

B. henselae 9.1 9.1 

201 Japan IFA 1,447 Domestic 
(1,447) 

B. henselae 8.8 8.8 

1 Jordan IFA 153 Domestic 
(153) 

B. henselae 
B. quintana 

32 
1.5 

32 

26 Netherlands EIA 163 Sheltered (113) 
Domestic (50) 

B. henselae 50 
56 

51.8 

21 Norway IFA 
EIA6 

100 Veterinary 
(100) 

B. henselae 0 
1 

1 

238 Poland IFA 36 Domestic (36) B. henselae 86 86 
18 Scotland EIA 78 Domestic (61) 

Sheltered (17) 
Bartonella spp. 14.3 

20.0 
15.4 

225 Singapore IFA 80 Feral (80) B. henselae 47.5 47.5 
277 Spain IFA 168 NS B. henselae 71.4 71.4 
127 Sweden IFA 292 Veterinary B. henselae 

B. quintana 
B. elizabethae 

1 
0 
25 

25 

116 Switzerland IFA 728 Veterinary B. henselae 8.3 8.3 
52 Taiwan IFA 131 Domestic (30) 

Farmed (37) 
Sheltered (64) 

B. henselae 26.7 
0 
40.0 

23.7 

48 Turkey IFA 256 Domestic 
(154) 
Feral (102) 

B. henselae 13.0 
27.5 

18.8 
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15 U.K. EIA 148 Domestic (69) 
Feral (79) 

B. henselae 40.6 
41.8 

41.2 

53 U.S.A. IFA 1370 Veterinary 
(NS) 
Sheltered (NS) 

B. henselae 
B. quintana 

27.4 
21.8 

29.4 

75 U.S.A. 
(Hawaii) 

IFA 57 Veterinary (57) B. henselae 73.7 73.7 

142 U.S.A. 
Southeast 
Hawaii 
California 
Pacific NW 
S C7 Plains 
Alaska 
RM/GP8 
Midwest 

IFA 628 Diagnostic 
laboratory- 
associated 
(628) 

B. henselae  
54.6 
47.4 
40.0 
34.3 
36.7 
5.0 
3.7 
6.7 

27.9 

105 U.S.A. IFA 159 Cattery (159) B. henselae 35.8 35.8 
229 U.S.A. IFA 176 Domestic (76) 

Feral (100) 
B. henselae 75 

93 
88.2 

46 U.S.A. IFA 170 Domestic (20) 
Feral (36) 
Sheltered (114)

B. henselae 30.0 
38.9 
18.4 

24.1 

81 U.S.A. MAT9 210 Domestic 
(210) 

B. henselae 25.7 25.7 

17 U.S.A. EIA 458 Domestic 
(458) 

B. henselae 19.0 19.0 

80 West Indies MAT 176 Domestic (75) 
Feral (101) 

B. henselae 50.6 
52.4 

51.7 

1IFA, indirect fluorescent-antibody assay; 2Veterinary, domestic + feral cats; 3NS, 
not specified; 4B. henselae(H), Houston-1 strain; 5B. henselae(M), Marseille strain; 
6EIA, enzyme immunoassay or enzyme-linked immunosorbent assay (ELISA); 7S C 
Plains, South Central Plains, U.S.A.; 8RM/GP, Rocky Mountain-Great Plains 
Region, U.S.A.; 9MAT, modified agglutination test 

Bartonella in Sweden 
Swedish orienteering investigation 
During the 14-year period between 1979 and 1992, an accumulation of cases 
of sudden unexpected cardiac death (SUCD) occurred among Swedish 
orienteers, the majority of whom were nationally ranked as elite competitors 
in the exclusively outdoor sport pursued by 2% of the entire Swedish 
population.  That a total of 16 cases of SUCD (corresponding to an incidence 
of 10-100/100,000 person years) occurred in this relatively short expanse of 
time was indicative of an increased death rate among the group of ranked 
male orienteers <35 y when compared to an expected SUCD incidence of 
0.5-1/100,000 among young athletes (209, 298).  At autopsy, the clinical 
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diagnosis for cause of death in the majority (75%) of cases was 
histopathological myocarditis, with concomitant arrhythmogenic right 
ventricular cardiomyopathy (ARVC) present in 25% of the myocarditis cases 
(178, 297).  Given that myocarditis is predominantly associated with a 
microbial etiology (146, 303), an investigation was commenced in 1992 to 
probe any potential link between pathogenic microbial agents and the deaths 
in the orienteers.  Subsequently, it was reported that Chlamydia pneumonia 
genetic material was detected in myocardial and lung tissues by PCR from 
one of the SUCD cases, in addition to serological evidence of C. pneumonia 
in all available sera (296).  Later studies using healthy, age- and gender-
matched controls, however, failed to detect a difference in seroprevalence of 
C. pneumonia antibodies in the orienteers and blood donor control sera (126, 
297).  

     As Bartonellae were known to cross-react with Chlamydial antigens 
on serologic assays and included several novel zoonotic agents with 
significant pathogenic potential, the focus of the investigation shifted to 
investigate the potential association of Bartonella spp. with the cases of 
SUCD.  In 2001, Wesslén et al. (298) reported the finding of Bartonella spp. 
DNA in the myocardial tissues of 4 SUCD cases and in the lung of a fifth 
case, while myocardial tissues from controls (cases of accidental deaths) 
were negative.  Sequences were similar to B. quintana in 2 cases and 
identical to B. henselae in 3 cases, leading to the hypothesis that Bartonella-
induced silent subacute myocarditis with the potential involvement of ARVC 
contributed to the increased SUCD among the Swedish orienteers (298).  
The finding of 2 different species of Bartonella in these cases as potential 
etiologic agents of myocarditis is paralleled by the etiologic association 
between Bartonella spp. and endocarditis, for which multiple Bartonella 
spp., including B. henselae, B. quintana, and B. elizabethae, are implicated 
as etiologic agents.  This potential causal link between Bartonella spp. and 
myocarditis and/or ARVC does not, however, preclude the possibility that 
the isolation of Bartonella spp. in the aforementioned cases was an 
incidental finding.  As the majority of case sera also evidenced antibodies to 
Bartonella spp., it became of interest to conduct a large-scale serological 
investigation of all elite orienteers in Sweden for antibodies to Bartonella 
spp. 

Human and animal studies in Sweden 
Bartonella infections are recognized as prominent zoonoses in the United 
States, with CSD alone afflicting approximately 24,000 persons annually 
(138).  However, prior to the initiation of the studies included in this thesis, 
the existence of Bartonella spp. infection and seroprevalence of Bartonella 
spp. antibodies among various cohorts of the Swedish population were 
unknown.  The first evidence of Bartonella spp. infection in Sweden was 
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reported by Holmberg et al. in 1999 (130) with the PCR detection of B. 
quintana-like DNA in myocardial and liver tissue of a Swedish patient with 
fatal myocarditis in accordance with serological evidence of antibodies to 
pathogenic Bartonella spp. in several patient sera.  Shortly thereafter, PCR 
detection of Bartonella spp. was likewise confirmed in several additional 
cases of myocarditis associated with SUCD in the sport of orienteering, as 
described above (298).  Such corroborative data led to the suggestion of an 
association between Bartonella infection and fatal myocarditis.  Subsequent 
human studies in Sweden have documented PCR-confirmed Bartonella spp. 
endocarditis (88), B. henselae isolated from patients with atypical 
manifestations of infection (85), Bartonella spp. isolated from pathologic 
schlerotic aortic valves (226), as well as Bartonella spp. seropositivity in 
various cohorts of the Swedish population, including blood donors (87, 130, 
213), homeless persons (87), intravenous drug users (212), orienteers (211), 
and patients with infectious endocarditis (295) and cat bites (299).   

In addition to human studies, various animal investigations have recently 
reported the isolation and sequencing of various Bartonella spp. strains, 
including B. grahamii, from small sylvatic mammals (23, 86, 131) and 
seroprevalence to Bartonella spp. in cats (94, 127) in Sweden.   

See Table 6 for a current, comprehensive listing of the clinical, 
serological, microbiological, forensic, field, and histological studies 
conducted on human and animal samples in Sweden since the initiation of 
Bartonella testing in 1999. 

Serological testing for Bartonella spp. antibodies has currently become 
routine in the diagnostic laboratories in Uppsala, Sweden. 

TABLE 6.  Investigative human and animal studies of Bartonella in Sweden 

Authors 
(year) 

Type 
of 
study1 

Subjects (N) Controls 
(N) 

Assays Significant Findings 

Holmberg  
et al. 
(1999)  

C, S, 
M 

Human 
patients 
(126) 

Human 
blood 
donors 
(100) 

IFA2, 
PCR3 

First documentation of 
Bartonella spp. in Sweden; 
8.3% vs 4% Bartonella spp. 
seroprevalence in subjects and 
controls, respectively; 
Bartonella isolated from 2 
patients, including fatal 
myocarditis case 

Ehrenborg  
et al. 
(2000) 

C, M Human 
patients (7) 

NT4  IFA, 
PCR 

B. henselae ftsZ gene 
amplified in Swedish patients 
with atypical manifestations of 
infection 

McGill  
et al. 
(2001)  

S, E Elite 
orienteers 
(1136) 

Human 
blood 
donors 
(322) 

IFA High Bartonella spp. 
seroprevalence in Swedish 
elite orienteers (31% vs 6.8% 
in controls) 



 34 

Wesslén  
et al. 
(2001) 

S, M Deceased 
orienteers 
(SUCD5 
cases)   (7) 

Trauma 
autopsy 
cases 
(6) 

IFA, 
PCR 

Bartonella spp. isolated from 
myocardial (4/5) and lung 
(1/5) tissue obtained from 5 
cases of SUCD among 
orienteers in Sweden; 
seropositivity to Bartonella 
spp. in 2 additional cases of 
ARVC death in orienteers 

Hjelm  
et 
al.(2002)  

S, E Domestic 
cats (292) 

NT IFA 25%, 1% and 0% 
seroprevalence to B. 
elizabethae, B. henselae and B. 
quintana, respectively, in 
Swedish cats 

Holmberg  
et al. 
(2003) 

FD, 
M 

Sylvatic 
small 
mammals 
(236) 

NT PCR Six novel Bartonella spp. 
genotypes isolated from 6 
species of sylvatic small 
mammals in Sweden; the most 
frequent genotype, B. 
grahamii, isolated from A. 
flavicollis and M. musculus 

Engvall  
et al. 
(2003) 

M Domestic 
cats (91) 

NT PCR Two of 91 pet cats were found 
to be bacteremic with B. 
henselae, indicating a low 
overall prevalence 

McGill  
et al. 
(2003)  

F IVDU6 at 
autopsy (59) 

Non-
IVDU at 
autopsy 
(44) 

IFA High rate of seropositivity 
(39%; primarily B. 
elizabethae) to Bartonella spp. 
among Swedish intravenous 
heroin addicts at autopsy 

Ehrenborg  
et al. 
(2003) 

 B. grahamii 
isolates from 
4 rodent spp. 
(31) 

NT IRS-
PCR7, 
culture 

Different IRS-PCR patterns 
obtained from all B. grahamii 
isolates; all strains clustered 
into 2 distinct groups 

Werner 
et al. 
(2003) 

S IE8 patients 
(329) 

NT IFA Bartonella spp. serologically 
evidenced in 4.5% of IE 
episodes (yet with titers 
<1:8009) 

La Scola  
et al. 
(2004) 

M Ixodes 
ricinis ticks 
(167) 

NT PCR, 
culture 

No evidence of Bartonella 
spp. demonstrated in any of  
the 167 ticks tested 

Nilsson 
et al. 
(2005) 

F, M, 
H 

Autopsy 
pathological 
aortic valves 
(84) 

Autopsy 
healthy 
aortic  
valves 
(15) 

PCR, 
IHC10 

Bartonella spp. DNA 
demonstrated in 2.4% of the 
pathological valves studied 

McGill  
et al. 
(2005)  

S, E Blood 
donors (500) 

NT IFA Risk factors for Bartonella 
infection in Sweden identified, 
including working outdoors 
and contact with cats 
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Ehrenborg  
et al. 
(2008) 

C, S, 
M, E 

Homeless 
patients (50) 

Blood 
donors 
(50) 

PCR, 
IFA 

Total seroprevalence of 62.5% 
to Bartonella spp. (primarily 
B. elizabethae) in homeless 
subjects vs. 18% in controls; 
no evidence of trench fever 

Westling  
et al. 
(2008) 

S Cat bite 
patients (71) 

Non-cat 
bite 
patients 
(117) 

IFA Total Bartonella spp. 
seroreactivity of 39% (34% to 
B. henselae) in patients with 
infected cat bites (vs. 3.4% in 
controls) 

Ehrenborg 
et al. 
(2009) 

C, S, 
M, H 

Endocarditis 
patient (1) 

NT IFA, 
PCR 

Positive PCR and serology 
findings for Bartonella spp. in 
endocarditis patient; first 
confirmed Swedish case of 
endocarditis 

1Type of study: C, clinical; S, serological; M, microbiological; E, epidemiological; FD, field; 
F, forensic;H, histological; 2IFA, indirect fluorescent-antibody assay; 3PCR, polymerase chain 
reaction; 4NT, not tested; 5SUCD, sudden unexpected cardiac death; 6IVDU, intravenous drug 
user; 7IRS-PCR, infrequent restriction sequence polymerase chain reaction; 8IE, infectious 
endocarditis; 9Cut-off levels for diagnosis of Bartonella endocarditis are recommended at 
>1:800 (107); 10IHC, immunohistochemistry 
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AIMS OF THE PRESENT STUDY 

The specific aims of the present investigations were as follows: 
 

 Expand the characterization of Bartonella spp. immunoreactivity by 
1) identifying seroreactive and serodominant epitopes of B. henselae 
antigen using a series of Western immunoblot analyses (I) and 2) 
dissecting the induced humoral immune response to Bartonella spp. 
antigen, specifically B. henselae, at the immunoglobulin (Ig) isotype 
and IgG-specific fragment and subclass levels (I) 

 
 Evaluate the prevalence of antibodies against pathogenic strains of 

Bartonella within various cohorts of the Swedish human and animal 
population, including patients (II), blood donors (II, III, VI), elite 
orienteers (III), intravenous drug users (V), and cats (IV) 
 

 Conduct statistical analyses to identify epidemiological and 
demographical factors (IV, VI), as well as correlative co-morbidities 
(V) associated with Bartonella infection 
 

 Assess the level of Bartonella spp. intragenic cross-reactivity, as 
well as intergenic cross-reactivity with members of other genera in 
serological assays, namely Western blot and indirect fluorescent-
antibody assay (IFA) 
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MATERIALS AND METHODS 

Cultivation of Bartonella spp. antigens (I-VI) 
The following bacterial strains were used in the present studies: B. 
elizabethae (F9251, ATCC 49927) (II-VI), B. grahamii (ATCC 700132) 
(V,VI), B. henselae (Houston-1 isolate, ATCC 49882) (I-VI), B. henselae 
(Marseille isolate, URL-LY8) (V,VI), B. quintana (OK-90-268) (I-VI), and 
B. vinsonii subsp. vinsonii (ATCC VR-152) (V,VI).  All Bartonella spp. 
antigens used in the studies were cultivated with the assistance of Dr. R. 
Regnery or provided by him directly.  The bacterial strains were cultivated 
on heart infusion agar supplemented with 5% defibrinated rabbit blood 
(BBL, Cockeysville, Md.).  For bacterial whole-cell antigen, plates 
inoculated with Bartonella spp. were incubated for 3 to 5 days at 32°C in the 
presence of 5% CO2.  Following incubation, bacterial cells were harvested 
and suspended in brain heart infusion media.  The cells were then pelleted 
and resuspended in phosphate-buffered saline (PBS).  Number of colony 
forming units (CFU) of the harvested Bartonella antigen was determined 
using titration on blood agar plates.  For cell culture-derived antigen, 
Bartonella spp. cells were co-cultivated with antibiotic-free Vero cell 
monolayers using a previously established protocol (253).  All antigens were 
inactivated by gamma irradiation (5 x 105 rad) and stored at -70°C prior to 
further use. 

Study samples (I-VI) 
See Table 7 for a complete listing of the cases and controls used in the 
present studies and corresponding clinical and epidemiological data (I-VI). 
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TABLE 7.  Cases and controls studied 
Paper Type Clinical data Sample type Year/s 

collected 
No. of samples 
(M,F) 

Age range 
(mean) 

I Case 
Control 
Control 
Control 

CSD1 

No CSD 
B. quintana +  
Stock antisera3 

Human serum 
Human serum 
Human serum 
Human serum 

1994-95 
1994-95 
1994-95 
ND 

54 (ND2) 
15 (ND) 
4 (ND) 
8 (ND) 

ND 
ND 
ND 
ND 

II Case 
Control 
Case 
 
Control 

SDT4 
Healthy 
Myocarditis 
 
No heart 
disease 

Human serum 
Human serum 
Human heart 
tissue, serum 
Human heart 
tissue 

1994-97 
1992-93 
1994 
 
NA 

126 (61,51) 
100 (64,36) 
1 (NA5) 
 
6 (NA) 

1-82 (34) 
20-59 (39) 
NA 
 
NA 

III Case 
Control 
 
Control 

Elite orienteers 
Healthy; non-
orienteer 
Healthy; non-
orienteer 

Human serum 
Human serum 
 
Human serum 

1992-93 
1992-93 
 
1992-93 

1136 (766,370) 
100 (64,36) 
 
222 (110,112) 

16-39 (6) 
20-59 (39) 
 
18-32 (24) 

IV Case 
Control 

SDT 
B. henselae7 + 

Cat serum 
Cat serum 

1998 
1998 

292 (NA) 
1 (NA) 

NA 
NA 

V Case 
 
Control 

Heroin IVDU8 
at autopsy  
Non-IVDU at 
autopsy  

Human serum 
 
Human serum 

1987-92 
 
1987-92 

59 (50,9) 
 
44 (37,7) 

22-43 (32) 
 
20-55 (41) 

VI Case Healthy  Human serum 1999 498 (314,184) 18-73 (40) 
1CSD, cat-scratch disease; 2ND, not determined; 3Human antisera against the following 
bacterial strains: Rickettsia rickettsii (spotted fever group), Chlamydia group, Treponema 
pallidum, Orientia tsutsugamushi, Fransciscella tularensis, Ehrlichia chaffeensis, 
Mycoplasma pneumoniae, and Escherichia coli; 4SDT, samples submitted for diagnostic 
testing; 5NA, not available; 674% of the orienteers were <25 years of age; 7serum sample 
from a cat immunized with B. henselae; 8IVDU, intravenous drug user 

Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) (I) 
Cell proteins (~7.5mg/ml) of whole-cell agar-grown Bartonella spp. antigen 
were concentrated by centrifugation and then lysed in a solution of 1X Tris-
glycine SDS sample buffer (Novex, San Diego, Calif.) and 10% beta-
mercaptoethanol at 100°C for 10 min.  Directly thereafter, the heated 
suspension underwent electrophoresis in a 4-20% polyacrylamide Tris-
glycine minigel (Novex) at 120V for 2h.  A prestained broad-range 
molecular weight protein marker (Bio-Rad) was used as a standard. 

Western blot analysis (I) 
Following SDS-PAGE, proteins were transferred and fixed to a 
nitrocellulose membrane (Bio-Rad) using the protocol described in Paper I.  
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Antibodies from the reaction of test and control sera that were bound to 
proteins on membranes were detected by incubation with a 1:5,000 dilution 
of horseradish peroxidase-labeled anti-human immunoglobulin (Ig) 
(Kirkegaard & Perry, Gaithersburg, Md.) with specificity for one of the 
following: IgG (heavy and light chains), IgG1, IgG2, IgG3, IgG4, IgM, IgE, 
IgA (secretory), and IgA (alpha).  Antigens were detected with a 3,3’, 5,5’ 
tetramethyl benzidine (TMB) membrane substrate developer (Kirkegaard & 
Perry). 

 

IFA (II-VI) 
Aliquots of crude Bartonella spp. whole cell antigen co-cultivated with Vero 
cells as described above were applied to multiple-welled Teflon-coated 
microscope slides (Novakemi AB, Sweden), air-dried, fixed in acetone and 
stored at -70°C until used further.  The IFA assay used in the current studies 
followed a previously established protocol (253) with slight modifications.  
A 1:120 dilution of commercial fluorescein isothiocyanate (FITC)-
conjugated rabbit anti-human IgG (Dakopatts, Denmark) was used as 
conjugate.  Bartonella-specific immunofluorescence was subjectively scored 
by microscope analysis on a scale of 0-3+, with a rating of >2+ at a dilution 
of 1:64 rendered indicative of seropositivity for all Bartonella spp. antigens 
in each study.  The cutoff titer (CT) 1:64 has been previously documented 
for B. elizabethae, B. henselae (Houston-1 isolate), and B. quintana (63, 
253).  However, as no CT values had been previously established for B. 
grahamii, B. henselae (Marseille isolate), or B. vinsonii subsp. vinsonii due 
to an absence of a clinical correlate, this 1:64 CT, though arbitrary, was used 
for those antigens as well in the present investigations.  Titers were reported 
as reciprocal values of serum endpoint dilutions.   

PCR and DNA sequencing (II) 
PCR amplifications were performed targeting the gltA gene, as the conserved 
nature of this particular gene allows for optimal differentiation of Bartonella 
spp. and exhibits narrow standard deviation with DNA-DNA homology 
results (30).  The oligonucleotide primers selected were those 
complementary to the three Bartonella species tested in the study: B. 
henselae, B. quintana, and B. elizabethae.  A set of primers amplifying 685 
bp of the gene was constructed utilizing Oligo version 4.0 for Macintosh 
(National Biosciences, Inc., Plymouth, Minn.).  A seminested amplification 
protocol was followed, with conditions and parameters listed in Paper II.  
The first PCR amplification used primers BHCS212.p and BHCS897.n, 
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followed by a second amplification using 1 µl from the first reaction as 
template.  Two separate seminested PCR reactions were performed using 
either the primers BHCS212.p and BHCS613.n or the primers BHCS510.p 
and BHCS897.n.  Sequencing products were generated from the four 
aforementioned oligonucleotides using a DNA sequencing kit (Dye 
terminator cycle sequencing kit; Applied Biosystems Inc., Foster City, 
Calif.).  Sequencing products were subsequently separated using a 310 
automated sequencer (Applied Biosystems).  

Post-mortem and forensic analysis (II, V) 
(II)  Myocardial tissue and serum samples from a patient with fatal 
myocarditis were obtained at autopsy (See Table 7).  DNA was extracted 
from the myocardial tissue for further analysis using the QiaAmp Tissue Kit 
(Qiagen Inc., Stanford, Calif), with an additional final ethanol precipitation. 

(V)  Bodies were stored in the mortuary at +4-8C.  Prior to autopsy, blood 
samples were analyzed for HIV antibodies as previously recommended 
(244).  Myocardial tissue was obtained from sections of the anterior wall, 
interatrial and intraventricular septa, the left anterior and posterior 
ventricular wall, and the left anterior and posterior papillary muscles 
according to a previously established protocol (243).  Pooled bilateral 
femoral vein blood and bladder urine were collected for toxicological 
investigation. 

Collection of epidemiological data (III,VI) 
Participants were requested to provide information in the form of a voluntary 
questionnaire regarding the following demographical and epidemiological 
information: age, gender, history of blood transfusion, pet contacts and 
history of bites/ scratches, living and working milieu, frequency of outdoor 
activity in fields and forest, involvement in hunting and farming activities 
with specification of the animals involved, level of physical activity and 
participation in sports, and travel abroad.   

Statistical analysis (III-VI) 
Data analysis consisted of comparison of independent proportions using the 

2-test for testing observed frequencies (III-VI), calculating odds ratios with 
95% confidence intervals (III), and using univariate ( 2-test and t-test) and 
multiple logistic regression (M) analyses to determine the impact of different 
independent risk factors using SPSS 10.0 software with the assistance of Dr. 
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J. Bring of Statisticon AB Statistics and Research (VI).  Both forward 
selection and backward elimination were used as model selection methods, 
with the stepwise criteria set at p <0.10 (VI). 
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RESULTS AND DISCUSSION 

Analysis of human humoral immune response to 
Bartonella spp. infection by Western blot (I) 
Total immunoglobulin (Ig)G reactivity to B. henselae whole-cell 
and Vero cell co-cultivated antigen (I) 
In an effort to elucidate serologic parameters of Bartonella spp. infection 
and identify potential species-specific epitopes of B. henselae antigens, a 
total of 54 human serum specimens obtained from patients with IFA-
confirmed cat scratch disease (CSD) and 15 control sera were reacted by 
Western blot against two different preparations of B. henselae antigens, a 
whole-cell agar-grown preparation and a Vero cell culture-derived antigen 
preparation.  Current serological diagnostic assays, namely the IFA and EIA, 
are based primarily on circulating levels of IgG antibodies in the sera; 
therefore, total IgG reactivity against B. henselae antigens by immublot was 
tested initially.  Results indicate that human humoral responses to B. 
henselae infection are variable from patient to patient, with varying numbers 
of antigenic proteins recognized as well as varying corresponding relative 
strengths of such reactions on immunoblot; this variability, however, does 
not appear to directly correlate with variations in IFA titers.  High-titer 
serum, for example, does not necessarily correspond to stronger or more 
numerous bands on Western blot relative to low-titer serum.  Such data 
preliminarily suggests that IFA is favorable over Western blot analysis in the 
determination of IgG titer values for diagnostic assessment.   

As seen in Figure 1 below, seroreactions of CSD sera to both B. henselae 
agar-grown and Vero cell co-cultivated antigen yielded heterogeneous IgG 
activity, with an average of approximately 10-15 B. henselae recognized 
epitopes per serum sample; reactive proteins for both antigen preparations 
were found to be predominantly in the range of 17-150 kDa, a finding which 
corroborates the findings reported in other studies of B. henselae 
immunoblot analyses (5, 92, 138, 185, 188, 205), with a particular 
concentration of bands in the 50- to 150-kDa region of the membrane.  
However, reaction against previously documented immunodominant proteins 
in other studies, namely at 17-, 48-, 69-, 97-, 116-, and 200-kDa, yielded 
inconsistent reactivity in our trials and occurred in our negative control 
samples as well, such as the multiple bands at approximately 200-kDa and 
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the 116-kDa proteins described by Litwin et al. (185).  In contrast, one B. 
henselae protein 83-kDa in size, designated Bh83, proved to be an 
immunodominant epitope in the reactions of all seropositive CSD samples 
tested in our study and, notably, was not recognized by any of the negative 
control sera (Figure 1).   That Bh83 was immunoreactive by only IFA-
confirmed B.henselae-infected sera to both whole-cell agar-grown antigen as 
well as Vero-cell cocultivated antigen substantiates the implication that this 
particular epitope of B. henselae is a conserved antigen that is universally 
expressed during infection (International Patent No. PCT/US99/27344; CDC 
Ref. No I-002-99/0).  As such, in addition to the finding that Bh83 was not 
recognized by other serum derived from infections caused by heterogeneous 
bacterial pathogens (see below “Cross Reactivity”),  the future incorporation 
of this epitope into current standard diagnostic tests may hold potential for 
the development of a more specific serologic assay for the clinical diagnosis 
of B. henselae infections.    

 

  
FIGURE 1.  (a)  Western blot analysis of serum IgG (heavy and light chains) in 
CSD-positive sera (lanes 3, 4, 5, 7, 8, and 9) and negative controls (lanes 1, 2, 6, and 
10) reacting with SDS-PAGE-separated antigenic proteins of B. henselae whole-cell 
antigen co-cultivated with Vero cells. (b) Western blot analysis of serum IgG (heavy 
and light chains) in CSD-positive sera (lanes 2-8) and negative controls (lanes 1 and 
9) reacting with SDS-PAGE-separated proteins of agar-grown B. henselae antigen.  
Position of Bh83, recognized exclusively by all IFA-postive sera tested, indicated by 
an arrow in each panel. Molecular weight standards (kDa) listed at right. 
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IgG-specific fragment and subclass reactivity to B. henselae 
antigen 
As immunoblot analysis indicated a strong heterogeneic response of serum 
total IgG (heavy and light chains) to B. henselae antigen with a specific 
reaction to Bh83, further dissections of the specific fragments and subclasses 
of IgG responsible for such reactions were carried out.  Whereas each of 
three IgG-specific fragments, IgG (F[ab]), IgG (F[ab’]2) and IgG (Fc), 
yielded indistinguishable immunoblot patterns from those of total IgG 
(heavy and light chains) when reacted against total B. henselae antigen (see 
Table 8),  immunoblot banding patterns among the four subclasses of IgG, 
IgG1-4, were discriminative and provided insight into the distribution of IgG 
subclass antibodies induced in the humoral immune response of CSD 
patients.  Given that the four different subclasses comprising human IgG are 
antigenically distinct with subtle amino acid variations conferring differing 
biological functions, assessment of the distribution and selective expression 
of IgG subclasses in association with B. henselae infection may provide 
clues to the pathogenicity of the organism as well as the type of immune 
response induced during infection.  For example, IgG1 and IgG3 antibodies 
are generally targeted at protein antigenic components, whereas IgG2 and 
IgG4 have an affinity for polysaccharide antigens (233).  Further, IgG 
subclasses differ in their induction of the complement cascade (IgG3> IgG1> 
IgG2); IgG4 is not able to initiate the complement cascade at all.  Differences 
in affinities for the Fc receptors of phagocytic cells also mediate bacterial 
clearance, with IgG1 and IgG3 binding with the greatest affinity, followed by 
IgG4 and IgG2 with intermediate and low affinities, respectively (233).  

Western blot assays specific for IgG2, IgG3, and IgG4 yielded little to no 
seroreactivity; a prominent reaction against B. henselae antigen among the 
IgG subclasses was limited to IgG1, indicating a primary role in the immune 
response induction during CSD infection.  In fact, the immunoblot banding 
patterns of anti-IgG1 conjugate were nearly indistinguishable from the 
banding patterns observed when using anti-total IgG (heavy and light chains) 
conjugate.  The predominant IgG1 activity in sera and concomitant lack of 
IgG2 and IgG4 production suggests that the humoral immune response 
elicited during B. henselae infection is targeted against bacterial protein 
domains rather than carbohydrate surface antigens of the pathogen.   
Mediation of antibody-dependent cytotoxicity and enhanced phagocytosis 
via Fc receptor attachment presiding over complement activation is further 
implied.  The lack of significant IgG3 activity in the reactions of CSD sera 
and B. henselae antigen further suggests that the role of complement 
activation, if induced, is assumed by IgG1.  An in-vitro study, in fact, 
reported a lack of antibody-mediated complement fixation in Bartonella-
specific sera, supporting the absence of an IgG3-mediated response in CSD 
infection (258).  However, being the most abundant IgG subclass in human 
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sera, it is plausible that the intrinsic levels of IgG1 in human sera are 
sufficient to mount a complement activation response and commence the 
cascade leading to bactericidal activity in vivo.  It could further be postulated 
that preexisting IgG1 antibody levels in the sera may play a role as a 
determinant of clinical disease severity, duration, and symptomatology in 
CSD; this supposition is reinforced by the atypical severe disease associated 
with immunocompromised individuals.  The aforementioned roles of IgG1 in 
the immune response, however, do not preclude the potential role played by 
other arms of the human immune response, such as production of specific 
secretory IgA at the mucosal level or cellular-mediated immune 
mechanisms.   

Immunoglobulin isotype reactivity to B. henselae antigen 
In addition to dissecting the subclasses of IgG elicited during CSD infection 
and identifying reactive B. henselae antigens, the involvement of 
immunoglobulin isotypes in the induced immune response was assessed as 
well.  Western blot analysis was employed to detect differences in the levels 
of IgA, IgG, IgM, and IgE antibodies present in 25 CSD-positive sera 
following a mounted immune response upon infection with B. henselae.  
Whereas IgE and IgM antibodies were essentially absent in our samples, 
with the exception of 2 faint bands in the reactions of 2 CSD sera with anti-
IgM conjugate, B. henselae-specific IgA (secretory and alpha chains) 
antibody activity was evidenced in 15 of the 25 positive samples tested, with 
multiband recognition of B. henselae whole-cell antigen of a heterogeneous 
nature similar to that seen with total IgG sereactivity.  Included among the 
spectrum of B. henselae proteins recognized in the reactions of IgA and B. 
henselae whole-cell antigen was Bh83.  As circulating IgM antibodies have 
been detected in the sera of CSD-infected individuals via IFA yet are noted 
to be short-lived with a minimal window of production, the lack of IgM in 
our assays may simply represent a convalescent rather than acute status of 
our infected serum samples.  Further, the presence of secretory IgA in our 
patient samples may be indicative of a secretory component of B. henselae 
immunity.  See Table 8 for a breakdown of the distribution of human 
immunoglobulins present in CSD-infected sera and their specific reactivities 
to total B. henselae antigen and Bh83.  Continued advancements in the 
knowledge regarding human immune characterization of CSD are essential 
in our efforts to decipher the complex nature of B. henselae infections. 
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TABLE 8.  Immunoglobulin isotype and IgG-specific fragment and subclass 
seroreactivity to B. henselae antigen and Bh83epitope as assessed by Western blot 

Reactivity against:  

 Antibody type B. henselaea Bh83 

Total IgG (heavy and light chains) + + 
IgG (F[ab]) + + 
IgG (F[ab’]2) + + 
IgG (Fc) + + 
IgG1 + + 
IgG2 - - 
IgG3 - - 
IgG4 - - 
IgAb + + 
IgM - - 
IgE - - 

aReactivity to B. henselae antigen with multiple bands; bIgA alpha and secretory chain-
specific activity 

Seroreactivity to Bartonella spp. among various cohorts 
of the Swedish human and animal population (II-VI)   
Blood donors (II, III, VI) 
Various studies over the past two decades have documented seroprevalence 
to Bartonella spp. in healthy adult and adolescent and child populations, 
including blood donors, in countries spanning Europe (See Table 4).  Prior to 
the initiation of the present studies, however, the seroprevalence and mere 
existence of Bartonella spp. in Sweden had not been evaluated.  In an 
endeavor to assess the level of endemicity of antibodies to Bartonella spp. in 
the general population in Sweden and establish a baseline for comparison 
with other subsets of the population, a series of blood donor serum samples 
were serologically tested for reactivity against various Bartonella spp. 
antigens.   

Initially, a collection of 100 blood donor serum samples were analyzed 
for evidence of reactivity to 3 pathogenic species of Bartonella: B. henselae, 
B. quintana, and B. elizabethae (Paper II).   An overall seropositivity rate of 
4% in this preliminary study indicated a low baseline exposure to Bartonella 
spp. in healthy individuals in Sweden.  Seroreactivity to B. elizabethae 
antigen was evident in all 4 of the positive samples, with one sample 
reacting concomitantly against B. henselae.  None of the blood donors 
evidenced antibodies to B. quintana.  An additional 222 blood donor serum 
samples were added to the initial 100 samples for a total of 322 blood donors 
in Paper III.  In this sample set, 6.8% (22/322) of the blood donors 
manifested antibodies to at least one of the 3 Bartonella species tested with 
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seroprevalences of 6.8%, 1.6%, and 0.3% to B. elizabethae, B. henselae, and 
B. quintana, respectively (See Table 10b).  Seroreactivity to B. elizabethae 
was the most prevalent finding, as all of the 22 seropositive samples 
included reactivity to this agent.  One sample (0.3%) was seropositive to all 
3 antigens, including B. quintana, with four additional sera reactive against 
both B. elizabethae and B. henselae.  Geometric mean titers (GMT) for all 
antigens were low, with values of 75 for B. elizabethae, 84 for B. henselae, 
and 64 for B. quintana. 

As the blood donor sample groups in Papers II and III were obtained 
locally in the towns of Uppsala and Gävle, Sweden, respectively, a larger 
scale study was commenced in order to encompass a more diverse 
geographical area and enroll a larger number of individuals (Paper VI).  
Serological analysis of the 498 serum samples collected from the 5 regions 
of Boden, Jönköping, Lund, Skövde, and Uppsala, revealed a total 
Bartonella spp. seropositivity rate of 16.1%.  Immunogobulin G antibody 
seroprevalences to the six Bartonella antigens tested, B. elizabethae, B. 
grahamii, B. henselae (Houston-1), B. henselae (Marseille), B. quintana, B. 
vinsonii subsp. vinsonii, were 13.9%, 2.4%, 1.2%, 2.0%, 0.2% and 0.0% 
respectively.  Refer to Table 10a for a summary of the reactivities for each 
antigen as well as cross-reactions with different antigen combinations.  
Among the seropositive samples, GMT values for each Bartonella antigen 
were as follows (reported as reciprocal values): B. elizabethae, 127.0; B. 
grahamii, 121.0; B. henselae (Houston-1), 90.5; B. henselae (Marseille), 
73.5; and B. quintana, 64.0.  None of the blood donor sera reacted to B. 
vinsonii subsp. vinsonii.  This study not only spanned a wider geographical 
distribution and included a larger sample size, but incorporated a greater 
number of Bartonella spp. antigens to which the sera were tested against as 
well.  Seroprevalence to three of the Bartonella antigens, B. grahamii, B. 
henselae (Marseille), and B. vinsonii, subsp. vinsonii, had never been 
evaluated previously in blood donors to our knowledge and, in fact, currently 
remain undocumented in blood donors outside of Sweden.  Consistent with 
the findings of the initial blood donor assays, seroreactivity to B. elizabethae 
was the most prominent finding, with low seroreactivities to B. henselae and 
B. quintana.  A similar pattern of high B. elizabethae seroprevalence 
compared to low seroprevalences to B. henselae and B. quintana was found 
in the U.S. as well (63, 64), and is discussed in further detail below.  
Likewise, a recent study in Sweden (87) analyzing the serological response 
of 61 blood donors to Bartonella spp. antigen as a control reported nearly 
equivalent findings, with seroprovalences of 14.8%, 4.9%, 1.6%, and 1.6% 
to B. elizabethae, B. grahamii, B. henselae, and B. quintana, respectively, as 
compared to our values of 13.9%, 2.4%, 1.2%, and 0.2% against the same 
antigens.  B. grahamii had the second highest rate of seroreactivity following 
B. elizabethae, with 10% of the seropositive samples reacting solely to this 
agent.  No reports outside of Sweden have documented seroreactivity to B. 
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grahamii in blood donors or otherwise healthy individuals.  Interestingly, B. 
grahamii was recently isolated as the most frequent species infecting rodents 
in central Sweden (131).  The finding of a low seroprevalence of 1.2% to B. 
henselae in the current study is lower than many of the findings in “warmer” 
countries in Europe, with seroprevalences ranging from 5.9%-25%, yet is 
consistent with the reported seroprevalences in countries of closer proximity 
with similar climates, such as the 1.5% seroprevalence in the U.K. and 0.6% 
seroprevalence in Denmark (122, 268).   Similarly, the nearly negligible B. 
quintana seroprevalence found among blood donors in Sweden is mirrored 
by the comparably low seroprevalences of 0% and 0-2% reported in 
Denmark and France, respectively (41, 119, 268).    

Patients (II) 
At the onset of the investigations into the existence of Bartonella spp. 
infection in Sweden, only two species of Bartonella had been previously 
isolated from patients in Europe, B. henselae and B. quintana (24, 42, 78, 
141, 247).  Serological evidence of Bartonella spp. antibodies had also been 
documented Germany, Spain, France, Italy, and Denmark (33, 35, 41, 74, 
249, 265).  In order to assess the occurrence of Bartonella infection in the 
Swedish patient population, a subset of 126 serum samples collected from 
109 patients were serologically analyzed by IFA for antibodies to B. 
henselae, B. quintana and B. elizabethae.  In total, 11% (14/126) of the 
patient serum samples were seropositive to one or more of the Bartonella 
spp. tested, corresponding to 8.3% (9/109) of the total patient group as 
multiple serum samples were available for several of the patients.  The 
seropositivity rate in this patient cohort was significantly higher than that 
found in the blood donor control group (p < 0.02).  As in the blood donors, 
antibodies against B. elizabethae were the most prevalent finding, often in 
the absence of concomitant seroreactivity to B. henselae or B. quintana.  For 
further discussion regarding the increased seropositivity to this antigen, see 
below “Significance of high B. elizabethae seroprevalence.”  Specified 
clinical histories for the seropositive patients included lymphadenopathy 
(2/9), granulomatous hepatitis (3/9), Wegener’s granulomatosis (2/9), and 
arm paralysis secondary to a cat scratch (1/9).  Data available on the clinical 
histories of the seronegative patients revealed that 26% had 
lymphadenopathy, 7% had hepatitis, 5% had symptoms affecting the central 
nervous system, 3% had Wegener’s granulomatosis, 3% had heart 
involvement, and 1% had fever of unknown origin.  

Indicating a recent and/or active infection, 3 of the 5 seropositive patients 
for whom paired or multiple serum samples were available demonstrated a 
fourfold or greater increase in IFA titer from the acute to convalescent phase 
of infection to at least one of 3 Bartonella spp. tested.  See Table 9 for a 
listing of patient characteristics and results of serology and PCR in these 



 49 

patients.  Tissue samples were available for analysis from two or these 
patients (Patients 3 and 4).  In both cases, sequence analysis of the PCR 
product identified a strain of Bartonella with 99.7% similarity to B. quintana 
and 85% similarity to B. elizabethae.  The successful amplification of 
Bartonella spp. from these two patients substantiated for the first time the 
presence of Bartonella spp. infection in Sweden and in a country in Europe 
other than France, Finland, or the Netherlands.   Additionally, the 
amplification of Bartonella spp. from Patient 4 represented one of the first 
associations of myocarditis as a clinical manifestation of Bartonella 
infection; only one report had been previously documented of a patient, an 
immunocompetent adult, with B. henselae endocarditis who manifested 
associative signs of myocarditis (132).  At present, myocarditis is now 
recognized as a documented clinical manifestation of Bartonella spp. 
infection in not only humans, but cats and dogs as well (see below “Elite 
orienteers” for further discussion).  Of interest as well was the finding of 
seroreactivity to Bartonella spp. among two patients with documented 
Wegener’s granulomatosis, a disorder for which the etiology currently 
remains unknown.  Further studies are warranted to investigate a potential 
link between this disease and infection with Bartonella spp.   

TABLE 9.  Four patient case reports with four-fold increases in Bartonella spp. IFA 
titers and/or PCR positivity to Bartonella. 

IFA titer1 to: Patient 
no. 

Age Diagnosis Date of 
 serum 
sample 

B. h2 B. e3 B. q4 
PCR product Animal 

contact 

1 18 Wegener’s 
granuloma 

03/10/95 
03/28/95 
05/17/95 
01/09/97 
05/12/97 
05/18/98 

128 
128 
<64 
<64 
<64 
<64 

128 
512 
128 
64 
<64 
<64 

256 
256 
64 
<64 
<64 
<64 

NP5 Cat 

2 17 Submandi-
bular ulcer 

05/05/97 
06/16/97 

128 
128 

<64 
128 

64 
128 

NP Cat 

3 73 Hepatic 
granuloma 

06/18/97 
10/09/97 
05/10/98 

<64 
<64 
<64 

<64 
128 
512 

<64 
<64 
<64 

B. quintana-
like6 

Mice, 
rats 

4 59 Myocarditis 04/03/94 <64 2,048 128 B. quintana-
like 

 

1 Titers reported as reciprocal values of serum IFA endpoint dilutions; 2B. h, B. henselae; 3B.e, 
B. elizabethae; 4B. q, B. quintana; 5NP, not performed; 6B. quintana-like, 99.7% sequence 
alignment similarity to B. quintana Fuller strain and 85% similarity to B. elizabethae 

Elite orienteers (III) 
The finding of an increased occurrence of sudden unexpected cardiac death 
(SUCD) among elite orienteers in Sweden and the subsequent finding of 
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Bartonella spp., both B. henselae and B. quintana, in the myocardial and 
lung tissues of several orienteers who succumbed to SUCD (130, 298) led to 
a large-scale screening of ranked elite orienteer sera for serological evidence 
of antibodies to Bartonella spp.  Results of this screening indicated a 
significantly high Bartonella seroprevalence (p<0.001) among this cohort in 
Sweden, with 355 of the 1136 (31%) orienteer serum samples assayed in the 
study manifesting IgG antibodies to at least 1 of the 3 Bartonella agents 
tested: B. elizabethae, B. henselae, and B. quintana.  Total Bartonella spp. 
seroreactivity in the blood donor control group, as discussed above, was 
6.8%.  Reciprocal titers of the orienteer sera ranged from 64-512, with GMT 
values of 103, 92, and 80 for the aforementioned antigens, respectively.  The 
Bartonella species eliciting the greatest seroreactivity, as in the preceding 
studies, was B. elizabethae; the majority (88%) of the 355 seropositive 
orienteer sera assayed manifested IgG antibodies solely against this antigen.  
See below for further discussion of this finding.  Although seroprevalences 
of antibodies to B. henselae and B. quintana were substantially lower (3.0% 
and 1.4%, respectively), they were still slightly higher than those found in 
the blood donor sample group, for which obtained seroprevalences were 
1.6% and 0.3%, respectively, for these two antigens.  In the serologic 
analyses of suspected or confirmed cat-scratch disease (CSD) patient sera, 
cross-reactions between B. henselae and B. quintana are reported in up to 
94-100% of cases (69, 83, 208, 242, 247, 265, 280, 291); however, no 
reactions solely between these two antigens occurred in this study, though 
6/1136 (0.5%) samples reacted to all 3 antigens concomitantly (discussed 
further below).   

In the investigation into the SUCD of the elite orienteers during the years 
1992-1993, histopathological findings at autopsy implicated myocarditis and 
associated fatty infiltration mimicking arrhythmogenic right ventricular 
cardiomyopathy (ARVC) as the cause of death in the majority of cases (178, 
298).   As mentioned above, a Bartonella spp. with 99.7% similarity to B. 
quintana was found in a patient with myocarditis (130). This patient, in fact, 
was a former elite orienteer.  Subsequently, Bartonella spp. were found in 
cardiac and various other tissue samples of five elite orienteers succumbing 
to SUCD, all of whom were diagnosed at autopsy with a form of cardiac 
dysfunction: myocarditis (4/5) or pericarditis (1/5).  B. henselae was isolated 
from three of the cases, and a B. quintana-like spp. was isolated from the 
remaining two.  Since these findings, in addition to a non-orienteer case of 
Bartonella- associated ARVC (85), numerous reports have surfaced 
documenting additional associations between Bartonella spp., primarily B. 
henselae and B. quintana, and cases of myocarditis as well as ARVC in not 
only humans (103, 215, 221, 237, 271), but dogs (37, 282), cats (163, 287), 
and mice (62), as well.  Among the elite orienteers, the intense and rigorous 
daily training regimens characteristic of the sport in which the athletes would 
often compete even when ill may have induced a state of depressed immune 
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function (104), which is correlative with an exacerbated course of Bartonella 
infection in which even latent, silent, and subacute infections can become 
severe in immunocompromised individuals (257).  The corresponding 
finding of an increased seroprevalence of antibodies to Bartonella spp. in the 
cohort of elite orienteers is suggestive of an increased exposure among this 
group.  As Bartonella infections are zoonoses associated with transmission 
via primarily rodents, arthropod vectors, cats, and several other mammals, 
the close contact with nature characteristic of the sport of orienteering is a 
potential source of zoonotic/ vector-borne transmission of the agents.  This 
intimate contact with nature unique to orienteering may account for the fact 
that the increase in SUCD cases has been limited to elite orienteering and not 
found in association with any other endurance sports in Sweden (297).  
Recent studies have in fact isolated Bartonella spp., predominantly B. 
grahamii, from wild rodents (131), as well as B. henselae from Swedish cats 
(231), yet failed to isolate Bartonella from Ixodes ricinis ticks (174).  As 
elite orienteers frequently compete in other countries, foreign acquisition is a 
possibility as well.  The potential mode of transmission to orienteers and the 
existence of a sylvatic transmission cycle remains uncertain; further studies 
are needed in order to elucidate the exact source of exposure.  

Intravenous drug users (IVDU) (V) 
On account of the behavioral, environmental, and immunological 
characteristics associated with intravenous drug use, IVDUs are at an 
increased risk for acquisition of blood-borne, non-blood-borne, and zoonotic 
pathogens.  As a predominance of antibodies to B. elizabethae among 
various subsets of the human population in Sweden was found in prior 
studies, and a paralled high rate of reactivity to B. elizabethae was found in 
two different studies analyzing urban IVDUs in the United States in 
Baltimore, Maryland (63) and New York City (NYC) (64), a study was 
commenced in Sweden to investigate the degree of seroreactivity to 
Bartonella spp. among Swedish IVDUs.  Serum samples obtained at autopsy 
from a total of 59 drug users whose death was attributed directly to the 
administration of heroin were tested by IFA for antibodies against 6 strains 
of Bartonella, 5 of which are recognized as pathogenic.  An overall 
Bartonella spp. seropositivity rate of 39% was found among the forensic 
samples, with resulting seroprevalence to each specific antigen as follows: B. 
elizabethae, 39% (23/59); B. grahamii, 3% (2/59); B. henselae (Houston-1), 
14% (8/59); B. quintana, 3% (2/59); no seroreactivity against B. henselae 
(Marseille) or B. vinsonii subsp. vinsonii was evident.  This seroreactivity 
rate was considerably higher than that found among a group of 44 non-
IVDU autopsy sera (21%).  More than half of the seropositive IVDU sera 
(14/23; 23.7% of all 59 sera) reacted to only one Bartonella antigen, B. 
elizabethae in all cases.  In fact, all of the positive reactions in both the 
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IVDU and control groups included seroreactivity against B. elizabethae 
antigen (See Table 10a for a complete distribution of antigen reactivities).  
Comparably high prevalences of antibodies against B. elizabethae, 33% and 
46%, were found in inner-city IVDUs in the U.S. studies in Baltimore and 
NYC, respectively, with titers ranging up to 1:512 (63, 64).  Overall 
seroreactivities to Bartonella spp. in these two studies were considerably 
elevated as well, with nearly half of the IVDU sera (47.5%) in the NYC 
study reacting with one or more Bartonella antigens and 37% of the 
Baltimore sera exhibiting anti-Bartonella spp. antibodies (63, 64).  The 
obtained seroprevalences of B. elizabethae antibodies among IVDUs in our 
Swedish cases and those in the U.S. are significantly high when compared to 
background seroprevalences among blood donors of 15.1% and 6.8-14.8% in 
the U.S. (JL Cooper, written communication, via Comer 1996 [63]) and 
Sweden (87, 211, 213), respectively.  To our knowledge, no other studies 
have included B. elizabethae in the analyses of Bartonella seroprevalence 
among IVDUs.  The high reactivity to B. elizabethae antigen is discussed 
further below.   

In addition to B. elizabethae, elevated seroreactivity among Swedish 
IVDUs was found against B. henselae (Houston-1) and B. quintana antigens 
as well.  With background seroprevalences of antibodies against these two 
agents in Swedish blood donors reported as 1.0-1.6% and 0-0.3% for B. 
henselae and B. quintana (87, 211, 213), respectively, the finding of 14% 
and 3% seroprevalences for these two antigens, respectively, represented  
significantly elevated seroprevalence levels among this cohort of individuals.  
Studies in several other countries have reported similar elevated rates of 
seroreactivity to B. henselae and B. quintana among IVDUs.  In Spain,  total 
seroreactivity to a combination of these two antigens was found to be 14% 
(245); in Slovenia, seroprevalence to B. henselae and B. quintana was 
reported as 37.5-60% and 27.5-47.5%, respectively, compared to 25.0% and 
22.5% seroprevalence, respectively, among control groups (312); and in the 
two studies in the U.S., high seroprevalence for B. henselae was detected in 
Baltimore (11%) and NYC (10%), as well as for B. quintana, with rates of 
10% in Baltimore and 3% in NYC (63, 64).  In contrast, a recent study in 
Poland reported a 0% seropositivity rate to both B. henselae and B. quintana 
antigens among homeless IVDUs (54).  A recent study in Sweden of 
homeless individuals, 46% of whom were IVDUs, found a total 
seroprevalence rate to any Bartonella spp. of 46%, with 29.2% of the case 
sera harboring antibodies to B. henselae and 4.2% to B. quintana, compared 
to a 1.6% seropositivity rate among controls to both antigens (87).  In 
addition, more than half (52.1%) of the homeless individuals in Sweden in 
this particular study manifested antibodies to B. elizabethae.  As nearly half 
of the homeless individuals in this study were IVDUs, suggesting that the 
homeless and IVDU populations overlap to a significant degree, and 
comparable seroreactivities to Bartonella spp. were obtained, the supposition 



 53 

that these two groups are exposed to similar environmental factors and 
thereby exposed to similar potential vectors of transmission of the 
Bartonella agents is suggested.    

Cats (IV) 
The cat has been shown to serve as a natural reservoir for harboring several 
species of Bartonella, directly transmitting the organisms to humans.  As 
initial studies demonstrated an increased seroprevalence to Bartonella spp., 
particularly B. elizabethae, among certain cohorts of the Swedish population, 
the prevalence of IgG antibodies to pathogenic Bartonella spp. associated 
with human infections, namely B. henselae, B. quintana, and B. elizabethae, 
was investigated in the cat population in Sweden.  A total of 292 cat sera 
were analyzed by means of IFA for evidence of antibodies against the 
aforementioned 3 species of Bartonella.  Results indicated a 25%, 1% and 
0% sereprevalence rate for B. elizabethae, B. henselae, and B. quintana, 
respectively.  Positive antibody titers ranged between 64 and 512 for B. 
elizabethae, whereas titers for B. henselae seropositive cat sera (3/292) were 
no greater than 64 and included cross-reactions with B. elizabethae (See 
Table 10a).  The finding of a high seroprevalence of B. elizabethae 
antibodies in cats is consistent with the paralleled findings of high 
seroprevalences of antibodies seen among human populations in Sweden in 
previous investigations.  No other studies have reported on seroprevalence of 
B. elizabethae in cats, providing no means for comparison with results from 
other cat populations.  Studies in the human population, as discussed above, 
have shown seroprevalences in populations outside of Sweden ranging from 
15% to 46% among blood donors, patient samples submitted for diagnostic 
testing, and intravenous drug users (63, 64, 69).  Seroprevalences in the 
human population in Sweden have been comparable, with a range of 4% to 
39% in equivalent population groups.  The seroprevalence of B. henselae 
antibodies among cats, however, has been extensively studied in various 
different regions of the world (See Table 5).   The finding of a 1% 
seroprevalence to B. henselae in our study in Sweden was considerably 
lower than seroprevalences found in other regions of the world, which range 
up to 93% (229) (See Table 5).  However, trends in varying seroprevalences 
have indicated that B. henselae seropositivity tends to correlate directly with 
climate fluctuations, as evidenced in the high seroprevalences found in warm 
regions such as Spain (71.4%), Chile (85.6%) and Hawaii (73.7%), 
compared to the lower seroprevalences found in cooler regions such as 
Norway (0-1%), Alaska (5%), and the Rocky Mountain/Great Plains region 
of the U.S. (3.7%), which has climates reaching Arctic levels due to its high 
elevation (21, 101, 142, 277).  Thus, the predominantly cool climate of 
Sweden is likely a contributing factor to the low seroprevalence of B. 
henselae antibodies in Swedish cats, corroborating the findings as well of the 
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0-1% B. henselae seroprevalence among cats in Sweden’s neighboring 
country Norway (21).   Additionally, B. henselae seroprevalence has been 
found to be associated with cat fleas, which act as potential vectors of 
transmission of the pathogens (56, 105, 223, 284).  As the levels of cat fleas 
in Sweden are relatively low, the diminished source of potential vector 
transmission from cat to cat may contribute to the low seroprevalence of B. 
henselae among the feline population in Sweden as well.   

Table 10a.  Summary and comparison of serologic cross-reactions and specific 
reactivity to B. henselae, B. quintana, and B. elizabethae among patients, elite 
orienteers, cats and IVD users in Sweden 

Antigen Patients (II) % Elite 
Orienteers 
(III) 

% Cats 
(IV) 

% IVD 
Users 
(V) 

% 

Any1 14/126 11.1 355/1136 31.3 73/292 25.0 23/59 39.0 
Bh2, total   34/1136 3.0 3/292 1.0 8/59 13.6 
B e3, total   350/1136 30.8 73/292 25.0 23/59 39.0 
B q4, total   16/1136 1.4 0/292 0.0 2/59 3.4 
B h, only   2/1136 0.2 0/292 0.0 0/59 0.0 
B e, only   312/1136 27.5 70/292 24.0 14/59 23.7 
Bq, only   3/1136 0.3 0/292 0.0 0/59 0.0 
Bh + Be   25/1136 2.2 3/292 1.0 7/59 11.9 
Bh + Bq   0/1136 0.0 0/292 0.0 0/59 0.0 
Be + Bq   6/1136 0.5 0/292 0.0 1/59 1.7 
All 3 spp.   7/1136 0.6 0/292 0.0 1/59 1.7 
No spp. 112/126 88.9 781/1136 68.8 219/292 75.0 36/59 61.0 
1Any one of B. henselae, B. elizabethae, or B. quintana antigen; 2Bh, B. henselae; 3Be, B. elizabethae; 
4Bq, B. quintana  

Table 10b.  Summary and comparison of serologic cross-reactions and specific 
reactivity to B. henselae, B. quintana, and B. elizabethae among Swedish blood 
donors and control sera 

Antigen Blood 
donors 
(II) 

% Blood 
donors 
(III) 

% Non-
IVDU 
(V) 

% Blood 
donors 
(VI) 

% 

Any1 4/100 4.0 22/322 6.8 9/44 20.5 80/498 16.1 
Bh2, total 1/100 1.0 5/322 1.6 1/44 2.3 6/498 1.2 
Be3, total 4/100 4.0 22/322 6.8 9/44 20.5 69/498 13.9 
Bq4, total 0/100 0.0 1/322 0.3 1/44 2.3 1/498 0.2 
Bh, only 0/100 0.0 0/322 0.0 0/44 0.0 0/498 0.0 
Be, only 3/100 3.0 16/322 5.0 8/44 18.2 55/498 11.0 
Bq, only 0/100 0.0 0/322 0.0 0/44 0.0 0/498 0.0 
Bh + Be 1/100 1.0 5/322 1.6 0/44 0.0 4/498 0.8 
Bh + Bq 0/100 0.0 0/322 0.0 0/44 0.0 0/498 0.0 
Be + Bq 0/100 0.0 0/322 0.0 0/44 0.0 0/498 0.0 
All 3 spp. 0/100 0.0 1/322 0.3 1/44 2.3 1/498 0.2 
No spp. 96/100 96.0 300/322 93.2 35/44 79.5 418/498 83.9 
1Any one of B. henselae, B. elizabethae, or B. quintana antigen; 2Bh, B. henselae; 3Be, B. elizabethae; 
4Bq, B. quintana  
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Demographic and epidemiologic findings (III, IV, V, VI) 
Various data were analyzed in the current studies regarding demographic 
and epidemiologic variables in an attempt to identify risk factors for 
infection with Bartonella spp. in Sweden among different cohorts of the 
population.  No significant associations between gender or reported clinical 
symptoms and Bartonella spp. seropositivity were found among any of the 
human or cat populations.  However, although no significant differences in 
antibody prevalence were found with regard to age among the human 
population studies, a significant association between Bartonella spp. 
seropositivity and increasing age was found in the cat population; older cats 
(> 2 y old) were found to harbor higher levels of antibodies to Bartonella 
spp., specifically B. elizabethae, than younger cats, with seroprevalences of 
32% and 19%, respectively.  Previous studies have reported an inverse 
relationship with regard to B. henselae, in that younger cats less than 1 year 
of age have been found to exhibit a greater degree of B. henselae bacteremia 
than older cats (1, 55).  No comparative studies involving B. elizabethae are 
currently available, and the premise of this relationship is unclear.  Among 
the cohort of orienteers, no association with current pet ownership and 
Bartonella spp. seropositivity was found.  However, among blood donors 
throughout the country of Sweden, a significant association was 
demonstrated between seropositivity to B. elizabethae antigen at a CT titer 
of 1:128 and current or past cat contact.  The difference was not significant 
at a CT of 1:64.  As discussed above, 25% of cats among a study population 
in Sweden were found to harbor antibodies to B. elizabethae (Paper IV). 
Though a significant association between cats and B. henselae has been 
established for many years, with cats serving as a natural reservoir for the 
pathogens and responsible for transmission of the agents to humans, B. 
elizabethae has not to date been isolated from either cats or cat fleas.  See 
below for additional discussion.  Significant risk factors for B. elizabethae 
seropositivity also included working outdoors and frequent exposure to the 
wilderness, including hunting moose.   Though this correlation may initially 
be deemed unsurprising due to the abundance of potential sources of 
Bartonella spp. found in nature, B. elizabethae has yet to be isolated from 
any human or animal in Sweden.  Other Bartonellae, however, have been 
isolated from animals in Sweden in a limited number of studies, including B. 
grahamii, B. birtlesii, and four other novel genotypes from small woodland 
mammals (131), as well as B. henselae from cats (231).  Future studies are 
needed to identify a source of B. elizabethae or cross-reacting antigen 
(discussed below) in Sweden to elucidate the findings of high levels of 
antibodies to this antigen and its potential connection to the outdoors.   

As opportunistic pathogens among immunocompromised individuals, 
particularly those with HIV and AIDS, Bartonella spp. typically present with 
exacerbated clinical manifestations in such individuals (59, 252, 255, 302).  
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Among the 59 IVDUs analyzed in our study, 41% (24/59) were HIV-
positive.  However, no significant differences were found in the 
seropositivies of the HIV-positive and HIV-negative subjects in our study.  
Interestingly, in the parallel study in the U.S. by Comer et al. (63), HIV 
seronegative status was found to be associated with Bartonella 
seropositivity.  Further, though several species of Bartonella are known to 
serve as etiologic agents of endocarditis, no evidence of endocarditis was 
observed in any of our seropositive subjects.    

Future prospects and the significance of high 
B. elizabethae seroprevalence 
The results of the current studies have indicated a relatively and universally 
high rate of seroreactivity to one Bartonella antigen in particular among 
cohorts of both human and cat populations- B. elizabethae. The findings of 
high prevalences of antibodies against this agent are particularly interesting.  
As mentioned previously, B. elizabethae has only been isolated on one 
occasion two decades ago from a human with endocarditis, in addition to the 
isolation of two genotypes with a high degree of similarity to B. elizabethae 
from two febrile patients in Thailand (170).  Largely on account of its 
minimal association with human disease, knowledge regarding its 
pathogenicity, transmission, and endemicity is lacking and remains to be 
elucidated.  In fact, nearly half of the publications available to date regarding 
B. elizabethae were published following completion of the current studies 
and 90% have been published merely in the past 15 years.  It is known, 
however, that small rodents serve as non-human vertebrate reservoirs for the 
pathogen, as B. elizabethae or phylogenically similar organisms have been 
reportedly isolated from rodents, primarily of the genus Rattus, and other 
small mammals (10, 12, 30, 71, 89, 113, 123, 135, 137, 151, 222, 283, 301, 
304, 306).  Additionally, Norway rats (Rattus norvegicus) have been shown 
to harbor antibodies against B. elizabethae at a seropositivity rate of up to 
39% (84).  In the recent Holmberg et al. (131) investigation, Bartonellae 
were in fact recovered from small mammals in Sweden, with B. grahamii 
being the most prevalent.  Notably, however, no species of the genus Rattus 
were included in the study.  As rats are known to harbor B. elizabethae and 
serve as reservoir hosts for the species, future additional studies on the 
potential presence of B. elizabethae in rats, particularly of the genus Rattus, 
in Sweden are warranted.  Likewise, as B. elizabethae has also been detected 
in dogs and dog ticks in recent years in several different regions of the 
world, including Thailand (13), North Africa (149), and the U.S. (82, 216, 
284), future studies investigating a potential link between B. elizabethae or a 
closely related genotype and dogs and their ectoparasites in Sweden are also 
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warranted in an endeavor to identify a source of B. elizabethae or cross-
reacting antigen in Sweden and elucidate the findings of high levels of 
antibodies to this antigen. 

The finding of a high prevalence of B. grahamii in addition to a novel 
genotype genetically similar to and clustering with B. grahamii in rodents in 
Sweden is of interest in light of the phylogenetic relationship between B. 
grahamii and B. elizabethae and the propensity for closely related Bartonella 
spp. to cross-react on serologic assays, as discussed above.  On account of 
the inherent serological cross-reactivity among Bartonella spp. in the IFA 
test used in our studies, the observed seropositivity to B. elizabethae antigen 
may represent a previous or current infection with another Bartonella spp. or 
antigen of unknown origin.  Comparisons of phylogenetic information 
resulting from 16S rDNA, gltA- and groEL-based genotypic analyses 
consistently result in clusters formed by B. elizabethae, B. grahamii, B. 
tribocorum, and several unnamed species, primarily obtained from the genus 
Rattus (131, 133).  Bartonella henselae and B. quintana also consistently 
cluster together in such parsimony trees and have been found to exhibit a 
significant degree of cross-reactivity by IFA of as great as 94-100% (69, 83, 
208, 242, 247, 265, 280, 291).  As B. grahamii antigen was only utilized in 
two studies and was found to cross-react with B. elizabethae antigen in only 
17% (Paper V) and 3% (Paper VI) of cases, it is improbable that cross-
reactivity with B. grahamii is responsible for the seropositivity of B. 
elizabethae by IFA in our studies; however, it is possible that an antigenic 
variant of B. grahamii in Sweden exists which cross-reacts with B. 
elizabethae by IFA.  Given the phylogenetic proximity of B. elizabethae and 
B. tribocorum, both isolated from wild rats, in addition to the various 
unnamed species with which they cluster phylogenetically, the potential 
cross-reactivity of B. elizabethae with these agents by IFA should be 
investigated in future studies as well.  Subsequent incorporation of cross-
adsorption assays utilizing such species of closest phylogenetic relation to B. 
elizabethae may determine a potential source of cross-reactivity.  Cross-
adsorption assays were not utilized in the current studies as no apparent 
sources of cross-reactivity were evident; however, future studies may 
employ a broad spectrum analysis of the reactivity of B. elizabethae-positive 
sera against an array of heterologous antigens in addition to closely related 
Bartonella spp. in an endeavour to identify a potential source of cross-
reactivity to account for the high degree of seroreactivity to B. elizabethae 
antigen in our studies.   

That two patients with positive titers to B. elizabethae were found to be 
PCR positive for B. quintana, despite low or even absent IFA titers to the 
agent, led to an initial speculation that an antigenic variant of B. quintana 
may alternatively exist in Sweden, sharing antigenic epitopes with the B. 
elizabethae strain used in the IFA.  As with B. grahamii, cross-reactivity 
with B. quintana in our studies was minimal or absent, as the majority of 
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seropositive samples demonstrated antibodies solely against B. elizabethae 
(See Tables 10a and 10b).  Other studies reporting on B. elizabethae 
seropositivities have also reported little serological cross-reactivity between 
this antigen and B. henselae and/or B. quintana (63, 64, 69, 230).  The lack 
of seroreactivity to B. quintana in the presence of PCR amplification in the 
aforementioned patient cases may be the result of genetic heterogeneity 
affecting the surface antigens reacting in the serologic assay, as in the study 
by Sander et al. (264), which demonstrated the existence of B. henselae 
variants in different geographic regions in Germany.  Further, the isolation 
of B. quintana or B. henselae from the above patients with concordant 
seropositivities to B. elizabethae does not preclude the possibility of a co-
infection or prior asymptomatic infection with B. elizabethae or cross-
reacting agent, in that the observed antibody positivity could be related to the 
persistence of convalescent antibodies.  Alternatively, an “asymptomatic 
antibody carrier status” may have been established in our B. elizabethae 
seropositive subjects, as has been demonstrated in various studies in which 
family members of patients with CSD have a significantly higher level of 
antibodies against Bartonella spp. than controls (75, 224, 307).    

Though the route of transmission of Bartonella spp. to the subjects in our 
studies is undefined, it appears evident that exposure to the wilderness and 
settings inhabited by wild animals and their ectoparasites, commonplace to 
Swedes in general, and particularly in the case of orienteers, IVDUs, who 
exhibit frequent sociologic overlap with the homeless in Sweden (87), cats, 
and blood donors of self-reported high exposure to the wilderness, is likely a 
significant contributing factor.  In addition to the pool of potential rodent 
reservoirs, B. elizabethae has been isolated from mouse and rat fleas (71, 
198), as well as dog ticks, as mentioned above, thereby substantiating their 
potential as vectors of the pathogen.  Future studies investigating the 
presence of Bartonella spp. in rodent fleas and dog ticks, in addition to the 
potential reservoirs as mentioned above, may provide clues to the means of 
exposure and transmission of this agent to animal and human subjects in 
Sweden, leading to an increased level of antibodies as evidenced in the 
current studies.  
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GENERAL CONCLUSIONS 

 Prominent human immunoglobulin (Ig) isotype-specific and IgG 
subclass-specific reactivity in the human humoral immune response to 
B. henselae infection appears to be predominated by IgG1 and IgA (both 
secretory and alpha chains), as assessed by Western blot analysis. 

 
 An 83-kDa immunodominant protein of B. henselae (Bh83) appears to 

be immunoreactive exclusively with Bartonella antigen and a conserved 
epitope during human infection. 
 

 Bartonella spp. infection and seropositivity is present in Sweden in both 
the patient and general population, including Bartonella spp. isolated 
from Swedish patients with fatal myocarditis. 
 

 The cat population in Sweden demonstrates a relatively high prevalence 
of antibodies directed against B. elizabethae antigen, with a concordant 
low seroreactivity to B. henselae antigen. 
 

 The highest currently demonstrated rate of Bartonella spp. 
seroreactivity in Sweden is to B. elizabethae, with relatively low or no 
rates of seroreactivity to B. henselae, B. quintana, B. grahamii, and B. 
vinsonii. 
 

 A high prevalence of antibodies to Bartonella organisms, particularly B. 
elizabethae, among Swedish elite orienteers suggests a widespread 
exposure to infection within this cohort. 
 

 Forensic cases of intravenous heroin users in inner-city Stockholm 
demonstrate a high seropositivity rate to Bartonella spp., comparable to 
similar findings in the U.S., with no evidenced correlation to HIV 
status. 
 

 Potential risk factors for Bartonella spp. infection in Sweden include 
working outdoors, hunting moose, activity in the wilderness, cat 
contact, and travel to Eastern Europe. 
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