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Abstract
BACKGROUND 
Bartonellosis is a rare but challenging condition to diagnose with a spectrum of 
clinical presentations in the immunocompromised host.

AIM 
To further characterize the presentation of Bartonella henselae (B. henselae) infec-
tions in solid organ and hematopoietic stem cell transplant recipients.

METHODS 
We conducted a single-center retrospective study of all B. henselae testing for 5012 
transplant recipients receiving care at a single institution between 2011 and 2018.

RESULTS 
We identified 38 patients who underwent testing for B. henselae, and three of 38 
were found to have bartonellosis. Two of the patients were renal transplant 
recipients who presented with visceral bartonellosis and symptoms concerning 
for post-transplant lymphoproliferative disorder. One autologous stem cell 
transplant recipient presented with cat scratch disease. We detail the clinical 
courses of these three cases and review the literature concerning the clinical 
presentations, differential diagnosis, and limitations of diagnostic tests for B. 
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henselae infections in transplant recipients.

CONCLUSION 
Although the incidence of B. henselae infection in transplant recipients is 
unknown, it merits inclusion in the differential diagnosis for fever of unknown 
origin in this population.

Key Words: Bartonella; Cat scratch disease; Epstein-Barr virus; Fever of unknown origin; 
Organ transplantation; Pathology
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Core Tip: Bartonellosis is a rare but challenging condition to diagnose. We conducted a 
single-center retrospective study of all Bartonella henselae (B. henselae) testing for 
5012 transplant recipients receiving their care at our institution between 2011 and 
2018. We identified 38 patients who underwent testing for B. henselae, and three of 38 
were found to have bartonellosis. Two of the patients were renal transplant recipients 
and presented with symptoms concerning for post-transplant lymphoproliferative 
disorder. One stem cell transplant recipient presented with cat scratch disease. We 
detail the clinical courses of these three cases and review the literature concerning B. 
henselae infections in transplant recipients.

Citation: Pischel L, Radcliffe C, Vilchez GA, Charifa A, Zhang XC, Grant M. Bartonellosis in 
transplant recipients: A retrospective single center experience. World J Transplant 2021; 11(6): 
244-253
URL: https://www.wjgnet.com/2220-3230/full/v11/i6/244.htm
DOI: https://dx.doi.org/10.5500/wjt.v11.i6.244

INTRODUCTION
Bartonella henselae (B. henselae) is a zoonotic pathogen whose wide range of clinical 
presentations is contingent upon the immune status of the human host. While 
immunocompetent hosts often present with cat scratch disease (CSD), a peripheral 
lymphadenitis, this is a less common presentation for solid organ transplant (SOT) and 
hematopoietic stem cell transplant (HSCT) recipients[1]. Transplant recipients often 
present with granulomatous lesions of visceral organs or deep lymph nodes. This 
patient population may also present with bacillary angiomatosis-peliosis–a prolif-
eration of vascular endothelial cells from angiogenic factors in the skin, liver, or spleen 
often associated with acquired immunodeficiency syndrome[1-5]. Findings may be 
localized to a specific organ or they may be disseminated, involving two or more 
organ systems.

Bartonellosis can present as fever and deep lymphadenopathy in the transplant 
population; however, the differential diagnosis for this symptom dyad is broad and 
includes post-transplant lymphoproliferative disease (PTLD), disseminated mycobac-
terial infections, invasive fungal infections, and several other etiologies[6-8]. B. henselae 
infection is an unusual culprit, and confirmation of the diagnosis is further comp-
licated by the limitations of existent diagnostic tests which may prolong delays and 
necessitate invasive procedures[8-10].

To better characterize the clinical presentation and diagnosis of B. henselae infections 
in SOT and HSCT recipients, we conducted a retrospective study of all B. henselae 
testing for 5012 transplant recipients who received their care at our institution between 
2011 and 2018. We aimed to characterize the presenting symptoms and detail the 
diagnostic methods required to establish the diagnosis of bartonellosis in this 
population.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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MATERIALS AND METHODS
This study was conducted at our tertiary care transplant center at Yale New Haven 
Hospital in New Haven, Connecticut. Electronic medical records for all adult SOT and 
HSCT recipients (heart, lung, kidney, pancreas, liver, cord blood, and autologous or 
allogeneic bone marrow transplant recipients) who received their care at our 
institution between 2011 and 2018 were queried to identify all transplant recipients for 
which B. henselae immunoglobulin (Ig)M titers, IgG titers, and/or serum polymerase 
chain reaction (PCR) were obtained during both inpatient and outpatient clinical 
courses. The electronic medical records of all transplant recipients with positive tests 
were reviewed for symptoms compatible with either classic CSD or bartonellosis 
involving viscera, nervous tissue, or any other organ system[11,12]. Patients with 
fever, lymphadenopathy, skin findings, neurological deficits, ocular findings, hepato-
splenic lesions, or possible osteomyelitis temporally associated with positive B. henselae 
tests were included for further analysis. Patients were excluded if they were less than 
18 years old. Two authors (LP, MG) verified whether cases should be included or 
excluded. Data was stored in a secure, encrypted fashion during this study. The Yale 
University Institutional Review Board reviewed and approved our study protocol, and 
the need for informed consent was waived.

RESULTS
B. henselae serology amongst SOT and HSCT recipients
In total, 38 of 5012 (0.8%) SOT and HSCT recipients were tested for B. henselae. Positive 
IgG or IgM titers were identified in 6 of 38 (16%) patients. Three patients were 
excluded as follows: (1) One patient was excluded as the diagnosis of CSD was 4 mo 
before autologous stem cell transplantation; (2) A 26-year-old female status-post 
bilateral lung transplant recipient treated for culture-negative chronic osteomyelitis of 
multiple vertebrae with B. henselae serum IgG detected (1:128) who improved on 
vancomycin and ciprofloxacin therapy; convalescent titers were not drawn; and (3) A 
76-year-old male liver transplant recipient who presented with malaise and myalgias 
and was found to have positive B. henselae (IgG 1:256) and babesia (IgG 1:512) serology 
whose symptoms resolved after 10 d of azithromycin and atovaquone followed by 
three weeks of doxycycline. The cause of his symptoms was attributed to babesiosis. 
The 26-year-old female and 76-year-old male were excluded due to competing 
diagnoses which better accounted for symptoms. The remaining three patients were 
included as cases in the present study (Table 1), and their clinical courses are detailed 
below.

Case 1
A 26-year-old woman with a history of hypoplastic kidney disease, and a failed living 
donor kidney transplant at age 14, presented with one month of fever. She had 
received a deceased donor kidney transplant 13 mo prior to presentation with 
alemtuzumab induction and had been taking prednisone, mycophenolate, and 
tacrolimus subsequently for immunosuppression. On admission, she reported daily 
fevers (Tmax 102.3 °F), chills, cough, and watery diarrhea. Her physical exam was 
unremarkable.

Initial laboratory testing revealed a white blood cell count of 8900 cells/mm3, 
hemoglobin of 6.8 g/dL, and platelet count of 320000/mm3. Epstein-Barr virus (EBV) 
plasma PCR was 670 copies/mL while cytomegalovirus, parvovirus, and BK virus 
were not detected by PCR. Human immunodeficiency virus (HIV), hepatitis 
serologies, and Histoplasma capsulatum urine antigen were negative.

On hospital day (HD)-4, a contrast-enhanced computed tomography (CT) scan of 
the abdomen and pelvis showed a poorly defined 2.5 cm hypoattenuated lesion in the 
right lobe of the liver and prominent gastrohepatic and retroperitoneal lymph nodes. 
On HD-5, further history revealed she owned a cat, and B. henselae serologies were 
sent. A CT-guided biopsy of the hepatic lesion revealed granulomatous hepatitis with 
numerous non-necrotizing granulomas (Figure 1A), focal abscess formation, and infilt-
rating lymphocytes with scattered CD20+ B lymphocytes and polytypic plasma cells. 
In situ hybridization for EBV was negative as were Gomori methenamine silver (GMS), 
Warthin-Starry, and acid-fast bacillus (AFB) stains.

Her hospital course was complicated by acute kidney injury which briefly required 
renal replacement therapy. An allograft biopsy showed chronic injury without 
evidence of acute cellular rejection, and there was evidence of membranoproliferative 
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Table 1 Summary of bartonellosis cases in transplant recipients

Age/sex Transplant 
type

Time since 
transplant

Immunosuppressive 
medications

Presenting 
symptoms

Confirmatory 
studies Treatment Outcome

26/F Kidney 13 mo Prednisone, 
mycophenolate, 
tacrolimus

Fever, chills, cough, 
diarrhea

Liver biopsy & IHC 
stain, tissue PCR, 
serology

Azithromycin/doxycycline Success

44/M Kidney-
pancreas

14 yr Prednisone, 
cyclosporine

Fever, night sweats, 
weight loss

Serology, serum 
PCR, splenic biopsy 
& Warthin-Starry 
stain

Azithromycin/doxycycline Success

21/M Autologous 
stem cell 
transplant

6 yr None Supraclavicular and 
axillary 
lymphadenopathy

Excisional lymph 
node biopsy, 
serology

None Success

F: Female; IHC: Immunohistochemical; M: Male; PCR: Polymerase chain reaction.

Figure 1 Histopathology of liver biopsy from case 1. A: Photomicrograph of liver parenchyma with non-necrotizing granulomas (asterisks) with histiocytes, 
lymphoplasmacytic inflammatory cells, and neutrophils. (hematoxylin and eosin, 200 ×); B: Bartonella henselae immunohistochemical stain highlights individual and 
clustered coccobacilli (arrows) (400 ×).

glomerulonephritis. On HD-10, a positron emission tomography-CT scan (PET-CT) 
identified the right liver lesion, a portocaval lymph node, and paraaortic lymph nodes 
as hypermetabolic. As suspicion for PTLD remained high, a bone marrow biopsy was 
collected on HD-14 and returned negative for PTLD.

On HD-15, B. henselae serology returned with a positive IgM titer of 1:64 and IgG > 
1:1024. From her prior liver biopsy, immunohistochemical staining for B. henselae was 
positive (Figure 1B). She was diagnosed with hepatic bartonellosis, and oral azithro-
mycin and doxycycline were initiated. Formalin-fixed hepatic biopsy specimens were 
sent to the University of Washington reference laboratory for DNA extraction and PCR 
amplification, and the presence of B. henselae DNA was confirmed.

She clinically improved and was discharged on HD-25 without continued need for 
dialysis. Six weeks after discharge, a repeat PET-CT showed resolution of the 
hypermetabolic areas. In total, she received 6.5 mo of azithromycin and doxycycline 
therapy. Four years after her diagnosis, she displays no signs or symptoms of relapse 
and continues to own a cat.

Case 2
A 44-year-old man with well-controlled type 1 diabetes mellitus and dual kidney-
pancreas transplant 14 years prior to admission presented with two months of fever, 
drenching night sweats, and a 30-pound weight loss. His immunosuppressive 
medications were cyclosporine and prednisone (5 mg daily). His physical exam was 
unrevealing.

On admission, laboratory studies demonstrated no leukocytosis, mild anemia (9.8 
g/dL), and EBV plasma PCR detected 8211 copies/mL (log 3.91). PET-CT scan on the 
day of admission showed multiple mildly hypermetabolic < 1 cm retroperitoneal 
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lymph nodes, diffuse splenic uptake, and increased signal in the pericecal region and 
sigmoid colon (Figure 2). PTLD was suspected, but bone marrow biopsy on HD-2 
showed normal trilineage hematopoiesis. T-cell receptor gene rearrangements from the 
peripheral blood and bone marrow were negative for lymphoproliferative disorders. 
Serum toxoplasma serologies were negative. He remained off antibiotics with daily 
fevers to 103 �F. EBV viral load rose to 56000 copies/mL (log 4.75) on HD-3. He 
reported chronic headache the following day, and cerebrospinal fluid (CSF) collected 
via lumbar puncture showed normal cell count, glucose, and protein. John 
Cunningham virus PCR, Cryptococcus neoformans antigen, and CSF fungal cultures 
were negative; however, EBV was detected (log 2.2). The same day, he reported 
owning a cat.

With continued concern for PTLD, the patient underwent a percutaneous core 
biopsy of the spleen. A histopathologic review showed clusters of small lymphocytes 
and necrotizing granulomas with neutrophil infiltration (Figure 3A) raising suspicion 
for disseminated bartonellosis. A Warthin-Starry stain was positive for individual and 
clustered extracellular coccobacilli within necrotic foci (Figure 3B). AFB, GMS, and 
Brown-Hopps Gram stains were negative on the splenic tissue while EBV-encoded 
DNA was diffusely positive. Azithromycin and doxycycline were initiated. Serologic 
titers from HD-14 returned positive for B. henselae with IgG 1:128 and IgM < 1:16. On 
HD-20, B. henselae serum PCR returned positive.

After the diagnosis, he developed a cough, and a chest CT demonstrated a miliary 
pattern (Figure 4). Bronchoalveolar lavage 11 d into therapy yielded abundant 
pulmonary macrophages but was negative for malignant cells or fungal organisms. 
Pathology from a transbronchial biopsy showed noncaseating granulomas with 
negative AFB and GMS. This was thought to be consistent with disseminated barton-
ellosis despite negative Warthin-Starry staining and 16S ribosomal RNA sequencing. 
The negative result may have been due to 11 days of azithromycin and doxycycline 
therapy prior to biopsy.

Azithromycin and doxycycline were continued for one year. With concern for 
concomitant PTLD, he received four doses of rituximab, and his EBV viral load 
decreased from log 5.06 to log 3.26. Serum B. henselae IgG titers rose to 1:256 and 
remained stable 19 mo after his initial presentation. He has been without signs or 
symptoms of a recurrence of disseminated bartonellosis for eight years.

Case 3
A 21-year-old man status-post autologous stem cell transplant 6 years prior and off 
immunosuppressive therapy presented with an enlarged, firm 1 cm lymph node in his 
left supra-clavicular area. This lymph node was re-demonstrated on a PET-CT scan in 
addition to two lymph nodes in the left axilla. He had an excisional biopsy of the left 
supraclavicular node that showed necrotizing lymphadenitis and histologic features 
consistent with CSD. Multiple caseating granulomas, one large granuloma with 
prominent central necrosis, and some scattered neutrophils were noted. AFB, GMS, 
and Warthin-Starry stains were negative for microorganisms. B. henselae IgG serology 
was positive at 1:256 (IgM < 1:16). No convalescent serology was performed. No 
record of CSD treatment was noted, but nine months later he did not endorse 
lymphadenopathy. Five years after his initial presentation, he has not endorsed 
recurrence of his lymphadenopathy.

DISCUSSION
B. henselae is a fastidious, gram-negative coccobacillus often transmitted by direct 
inoculation from a feline host or via cat fleas (Ctenocephalides felis)[1]. To further charac-
terize the presentation of B. henselae infections in SOT and HSCT recipients, we 
conducted a single-center retrospective study of all B. henselae testing for 5012 
transplant patients receiving their care at our institution between 2011 and 2018. We 
identified two SOT recipients who were found to have infiltrative bartonellosis 
involving reticuloendothelial organs and one autologous stem cell transplant recipient 
with CSD. Of all patients reviewed, only one (Case 2) had disseminated disease. Both 
SOT patients with systemic symptoms presented with symptoms concerning for PTLD 
and had hepatosplenic involvement. Fortunately, all patients in our study had positive 
outcomes.

In our series, the diagnosis of bartonellosis proved to be difficult. In general, 
proposed diagnostic criteria for typical CSD center on epidemiological risk factors (e.g. 
cat or kitten exposure), laboratory or radiographic findings, positive Bartonella spp. 
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Figure 2 Positron emission tomography-computed tomography scan from case 2. A: Axial view of the abdomen demonstrates diffuse splenic uptake 
(circle); B: Multiple mildly hypermetabolic < 1 cm retroperitoneal lymph nodes (arrow) and increased signal in the pericecal region and sigmoid colon (circle) are 
appreciated on axial view of the pelvic region.

Figure 3 Histopathology of splenic biopsy from case 2. A: Photomicrograph of splenic red pulp with necrotizing granuloma showing necrosis (asterisk) 
surrounded by lymphoplasmacytic inflammatory cells and neutrophils. (hematoxylin and eosin, 200 ×); B: Warthin-Starry stain highlights individual and clustered 
coccobacilli (interrupted circle) (400 ×).

PCR, pathological criteria, and other clinical data[12]. Three criteria may be sufficient 
to diagnose typical CSD; however, four may be required for atypical or disseminated 
disease. Figure 5 offers a basic approach on when to consider further diagnostic 
approaches. In general, imaging can often be helpful. Patients with hepatosplenic 
involvement often have ultrasound studies showing hypoechoic lesions or CT scans 
showing hypoattenuated lesions[13,14]. For our cases, PET-CT was informative, and 
its utility has been previously reported[15].

In general, fever and lymphadenopathy in a transplant recipient can stem from a 
broad range of diagnoses which include miliary tuberculosis, tularemia, invasive 
fungal infections, toxoplasmosis, brucellosis, PTLD, and malignancy[16,17]. In two of 
the cases discussed above, both patients had EBV viremia and PTLD remained high on 
the differential diagnosis. One patient even received rituximab due to concern for 
concurrent PTLD. Several other reports from this population also demonstrated 
diagnostic uncertainty between non-CSD manifestations of bartonellosis vs PTLD, and 
patients have been treated for both conditions in some reports[4,7,18,19]. As PTLD has 
a significant impact on mortality, distinguishing these two conditions is paramount 
and can often be accomplished via histopathology. Treating both conditions may be 
considered with caution if a solitary diagnosis cannot be established[20].

In the immunocompetent host, conservative management is usually recommended 
for CSD, and short-term azithromycin may offer minimal benefit[21]. However, 
immunocompromised hosts require treatment. The optimal treatment duration of SOT 
and HSCT recipients is not known and has been extrapolated from HIV/acquired 
immunodeficiency syndrome treatment guidelines[22]. Treatment duration has ranged 
from 5 d to 12 mo in transplant recipients, and most reports lack relapses despite 
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Figure 4 Chest computed tomography scan from case 2. Bilateral miliary pattern of involvement best appreciated in the posterior portions of the lower 
lobes.

Figure 5 General approach to considering bartonellosis in transplant recipients. CSD: Cat scratch disease; B. henselae: Bartonella henselae; PCR: 
Polymerase chain reaction; Ig: Immunoglobulin.

shorter treatment durations[23]. In absence of ample evidence to guide tapering of 
immunosuppressive regimens, we recommend multidisciplinary discussions between 
provider teams when approaching the possibility of reducing immunosuppression in 
transplant recipients undergoing treatment for bartonellosis.

Regarding testing, B. henselae is a fastidious organism, and tissue or blood cultures 
have low sensitivity. In endocarditis, only 20% of blood cultures return positive, and 
growth can take up to 2-6 wk[14,24,25]. PCR is rapid, specific (as high as 100%)[26], 
and able to be performed on blood or tissue samples, although there is no standard-
ization across laboratories[14]. PCR sensitivity for lymph nodes in CSD ranges from 61 
to 84%, and tissue PCR is thought to be more sensitive than other modalities when 
diagnosing disseminated disease[26].
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Alongside PCR, serology has two common methods: enzyme linked immunosor-
bent assay and immunofluorescence assay (IFA). These results return faster than 
culture, but there is known cross-reactivity with Bartonella quintana, Coxiella burnetii, 
Toxoplasma gondii, EBV, cytomegalovirus, and Chlamydia spp[14,27]. IgG can remain 
positive in up to 25% of people for more than a year after CSD[28]. For immunocom-
petent populations, IgG (cutoff value ≥ 1:64) IFA has a sensitivity and specificity of 
88%-98% and 69%-89%, respectively[10]. Sensitivity in immunocompromised patients 
for IFA is reduced to 75%[1,29], and there is often a concern for an inadequate 
serologic response in immunocompromised hosts. Nonetheless, most case series, 
including our own, demonstrate positive serology in the convalescent period despite 
an initially negative result[30].

Pathology is often key to the diagnosis of bartonellosis. A positive Warthin-Starry 
stain may show clumps of extracellular gram-negative rods or L-shaped bacteria 
within areas of necrotic debris[7,31]. For bacillary angiomatosis, lesions closely 
resemble a pyogenic granuloma with vascular proliferation. In reported cases of 
disseminated disease, 9 of 15 biopsies were positive on Warthin-Starry staining[1,4,5]; 
however, immunohistochemistry (IHC) staining is more sensitive than Warthin-starry 
staining. This was exemplified in Case 1 above. Staining methods can be highly 
variable with one pathological case series (n = 24) on confirmed lymphadenitis cases 
with clinical or histologic concern for CSD finding 46% positive by silver stain, 38% by 
PCR, and 25% by IHC. Only 2 of 24 cases were positive by all three tests[32]. In a more 
recent study (n = 46) on paraffin-embedded lymphadenitis specimens with clinical or 
histologic concern for CSD, 80% were positive by IHC while Warthin-Starry was 
positive in 52% cases[33]. In transplant recipients, obtaining the diagnosis can be more 
challenging as pathologic findings are highly variable. One study reported 53% of 
cases with granulomatous inflammation, 27% with bacillary angiomatosis-peliosis, 
and 13% with mixed pathology[1].

CONCLUSION
Overall, bartonellosis should be considered in the differential diagnosis of SOT and 
HSCT recipients with persistent fever, known cat exposures, lymphadenopathy, 
and/or hepatosplenomegaly. Diagnostic approaches include serology, PCR, Warthin-
Starry staining, and specific immunohistochemical staining for B. henselae. PET-CT can 
be useful to determine which region would be amenable to tissue biopsy. Serologic 
testing for B. henselae appears to be accurate for the diagnosis of infection in the 
transplanted host, although serology may not be positive until convalescence. We 
report three cases of bartonellosis treated at our institution which reinforce the notion 
that B. henselae infection should be considered when transplant recipients present with 
symptoms overlapping those of PTLD.

ARTICLE HIGHLIGHTS
Research background
Bartonellosis is a rare but challenging condition to diagnose with a spectrum of clinical 
presentations in the immunocompromised host.

Research motivation
In order to better understand this rare syndrome, we reviewed our center’s experience 
with bartonellosis in transplant recipients.

Research objectives
We aimed to characterize the presenting symptoms and detail the diagnostic methods 
required to establish the diagnosis of bartonellosis in this population.

Research methods
We conducted a retrospective study of all Bartonella henselae (B. henselae) testing for 
5012 transplant recipients who received their care at our institution between 2011 and 
2018.
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Research results
We identified 38 patients who underwent testing for B. henselae, and three of 38 were 
found to have bartonellosis. Two of the patients were renal transplant recipients and 
presented with symptoms concerning for post-transplant lymphoproliferative disorder 
(PTLD). One autologous stem cell transplant recipient presented with cat scratch 
disease.

Research conclusions
We report three cases of bartonellosis treated at our institution which reinforce the 
notion that B. henselae infection should be considered when transplant recipients 
present with symptoms overlapping those of PTLD.

Research perspectives
Overall, bartonellosis should be considered in the differential diagnosis of solid organ 
transplant or hematopoietic stem cell transplant recipients with persistent fever, 
known cat exposures, lymphadenopathy, and/or hepatosplenomegaly.
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