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switched to atovaquone due to TMP-SMX toxicity or gastro-
intestinal symptoms. No active toxoplasmosis or active  P. jir-
ovecii  infection developed under continued prophylaxis with 
either TMP-SMX or atovaquone. However, for reasons of 
TMP-SMX and/or atovaquone toxicity, 7 patients were un-
able to tolerate any efficacious toxoplasmosis prophylaxis 
and therefore obtained inhalative pentamidine as  P. jirovecii  
prophylaxis but no toxoplasmosis prophylaxis. Importantly, 
2 of these patients developed severe toxoplasmosis. In sum-
mary, atovaquone appears as a valid alternative for at least 
some post-transplant patients who cannot tolerate TMP-
SMX. This should be further confirmed by multicenter trials. 

 © 2015 S. Karger AG, Basel 

 Introduction 

  Toxoplasma gondii  is an obligate intracellular proto-
zoan that causes persistent infection in a large proportion 
of the global human population. Whereas the chronic 

 Key Words 

 Allogeneic hematopoietic stem cell transplantation · 
Atovaquone · Inhalative pentamidine · Prophylaxis · 
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 Abstract 

 Toxoplasmosis and infections by other opportunistic agents 
such as  Pneumocystis jirovecii  constitute life-threatening risks 
for patients after allogeneic hematopoietic stem cell trans-
plantation. Trimethoprim/sulfamethoxazole (TMP-SMX) has 
been well established for post-transplant toxoplasmosis and 
pneumocystis prophylaxis, but treatment may be limited 
due to toxicity. We explored atovaquone as an alternative 
and compared it with TMP-SMX regarding toxicity and effi-
cacy during the first 100 days after transplantation in 155 
consecutive adult stem cell recipients. Eight patients with a 
prior history of TMP-SMX intolerance received atovaquone 
as first-line prophylaxis. TMP-SMX was used for 141 patients 
as first-line strategy, but 13 patients (9.2%) were later 
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state is typically asymptomatic in immunocompetent 
adults, the de novo infection or the activation of latent 
 Toxoplasma  infection can cause life-threatening disease 
in immunocompromised hosts (transplacental infection 
of the human fetus is not addressed in this paper)  [1–3] . 
Acute toxoplasmosis has been reported to occur with a 
frequency of 2–3% in stem cell recipients  [4, 5] , with very 
high mortality rates up to 82%  [6] . Clinical symptoms of 
toxoplasmosis commonly arise within the first 3 months 
after hematopoietic stem cell transplantation (HSCT), 
with median onset 2 months after transplantation; less 
than 10% of cases occur before day 30 and 15–20% of 
cases 100 days after transplantation. Patients may suffer 
from febrile myocarditis, encephalitis/meningitis, pneu-
monitis or multiple organ involvement due to dissemi-
nated disease. 

  During the post-transplant period,  T. gondii  infection 
can be monitored by molecular techniques such as quali-
tative PCR or, preferably, quantitative real-time PCR  [7–
9] . Although mortality rates can be lowered significantly 
by early diagnosis and ensuing therapy, the vital risk of 
transplantation-related acute toxoplasmosis warrants 
prophylactic drug treatment in stem cell recipients  [5] .

  Trimethoprim/sulfamethoxazole (TMP-SMX), an an-
tifolinate combination, is the most frequently used 
 T.  gondii  prophylaxis in the post-transplant period  [10]  
and also protects against  Pneumocystis jirovecii . Howev-
er, application of TMP-SMX in the post-transplant peri-
od is subject to debate, e.g. due to its possible myelotoxic 
profile  [11, 12] . In addition, TMP-SMX is nephro- and 
hepatotoxic and may also cause allergy or gastrointestinal 
symptoms  [13] . Thus, although TMP-SMX provides reli-
able protection against systemic toxoplasmosis in the 
post-transplant period, alternative drugs are required for 
patients in whom toxicity renders TMP-SMX prophylax-
is unacceptable. Inhalative pentamidine provides a good 
prophylactic effect on  P. jirovecii  pneumonia  [14]  but 
does not protect against systemic toxoplasmosis  [15] .

  Atovaquone, a naphthoquinone, is licensed for the 
prophylaxis and treatment of malaria, e.g. in combina-
tion with proguanil. It has also an anti- P. jirovecii  effect 
 [16]  and is licensed for the treatment of  P. jirovecii  pneu-
monia in HIV-positive patients intolerant of TMP-SMX 
 [17] . In addition, atovaquone has in vitro activity against 
 T. gondii   [18, 19] . Atovaquone may be an option for 
 T. gondii  prophylaxis in the post-transplant period, but 
so far little is known on its safety and efficacy in this spe-
cific setting.

  We, therefore, retrospectively analyzed the safety and 
efficacy of TMP-SMX and atovaquone regarding the de-

velopment of post-transplant toxoplasmosis and ex-
plored their toxicity profiles in 155 adult patients who 
received allogeneic HSCT at the University of Hamburg.

  Patients and Methods 

 Patients 
 A total of 155 adult patients with hematological disorders (91 

males; median age 55 years, range 18–73 years) received matched 
related (n = 50) or unrelated (n = 105; HLA match n = 56, HLA 
mismatch n  = 49) HSCT between January 2009 and December 
2010 at the Department for Stem Cell Transplantation at the Uni-
versity of Hamburg. Forty-nine patients (31.6%) had chronic my-
eloid malignancies (myelodysplastic syndromes: n = 11; primary 
myelofibrosis: n = 30, and chronic myeloid leukemia: n = 8), 43 
patients (27.7%) had acute leukemia (acute myeloid leukemia: n = 
39, and acute lymphoblastic leukemia: n = 4), 19 patients (12.3%) 
had various B-cell lymphomas, 33 patients (21.3%) had multiple 
myeloma, and 5 patients (3.2%) had severe aplastic anemia (others, 
n = 6, 3.9%). Of the 155 patients, 128 (82.6%) patients received the 
first HSCT, 26 patients (16.8%) the second HSCT, and 1 patient 
(0.6%) received a fourth transplant. The  T. gondii  serostatus was 
available in 116 patients: 72 (62.1%) patients were  T. gondii  posi-
tive, and 44 (37.9%) patients were  T. gondii  negative. The  T. gondii  
serostatus was available for 124 donors, 49 (39.5%) donors were 
IgG  T. gondii  positive and 75 (60.5%) donors were IgG  T. gondii  
negative. At the last follow-up, 127 (81.9%) patients were alive; 28 
(18.1%) patients were deceased.

  All patients provided informed consent. The study was 
 performed according to the Declaration of Helsinki. Further de-
tails of the cohort and the conditioning regimens are shown in 
  table 1 .

  Methods 
 The design of the study was retrospective. The study included 

155 adult patients ( ≥ 18 years) who underwent HSCT from January 
2009 to December 2010 and received TMP-SMX, atovaquone and/
or inhalative pentamidine in the post-transplant period. Toxicity 
was monitored within the first 100 days after HSCT. Regarding the 
efficacy of prophylaxis, patients were evaluated during the com-
plete follow-up period from January 2009 to May 2012 (n = 153, 
median 25 months; range 1–39 months). 

  Application of Anti-Toxoplasmosis Prophylaxis 
 Patients without preexistent intolerance problems (n = 141 of 

155 patients, 90.9%) received TMP-SMX, which was administered 
orally (2 × 960 mg 3 times a week) or intravenously, usually start-
ing in parallel with the conditioning regimen prior to transplanta-
tion. 

  Eight patients with a record of preexisting intolerance versus 
TMP-SMX received primarily atovaquone, which was adminis-
tered daily (2 × 750 mg p.o.), concomitant with the conditioning 
scheme, as performed with TMP-SMX. Thirteen patients on first-
line TMP-SMX developed signs of drug intolerance and were, 
therefore, switched to atovaquone. Seven patients who were un-
able to tolerate either TMP-SMX or atovaquone were switched to 
inhalative pentamidine (300 mg for 3 consecutive days, then 
300 mg monthly) for  Pneumocystis  prophylaxis (but received no 
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toxoplasmosis prophylaxis in the absence of a viable alternative to 
TMP-SMX and atovaquone). As described in more detail below, 2 
of these patients succumbed to toxoplasmosis (the  T. gondii  se-
rostatus before HSCT was positive in both patients).

  Accompanying Medication 
 Patients received immunosuppressing drugs to prevent graft-

versus-host disease: most frequently cyclosporine A (starting on 
day –1) in combination with mycophenolate mofetil or methotrex-

ate. By default, corticosteroids were used to treat graft-versus-host 
disease. Tacrolimus (instead of cyclosporine A) ± mTOR-inhibitor 
were administered in cases of inadequate response. In suitable pa-
tients, anti-thymocyte globulin was included in the conditioning 
 regimen.

  Prevention of other infections was done with ciprofloxacin, 
acyclovir and a mold-active antifungal agent. Prophylaxis for 
 P.  jirovecii  pneumonia started with the initiation of the condition-
ing treatment: TMP-SMX (960 mg p.o. or i. v.) twice daily for 2 or 
3 days a week, atovaquone (750 mg p.o.) twice daily or pentami-
dine (per inhalation) 300 mg every 4 weeks with a loading dose of 
300 mg on 3 consecutive days.

  Clinical Monitoring 
 Nephrotoxicity was estimated on the basis of serum creatinine 

elevation during the first 100 days after HSCT; values were refer-
enced to the value on day –1. Severity of nephrotoxicity was grad-
ed from 1 to 4 (in line with FDA grading guidelines): grade 1 (cre-
atinine elevation of 1.5–1.7 mg/dl), grade 2 (creatinine elevation of 
1.8–2.0 mg/dl), grade 3 (creatinine elevation of 2.1–2.5 mg/dl) and 
grade 4 (creatinine elevation of >2.5 mg/dl)  [20] . Hepatotoxic ef-
fects were graded based on the elevation of serum bilirubin within 
the first 100 days after transplantation; values were referenced to a 
baseline value on day –1: grade 1 (bilirubin elevation of 1.1–1.5 mg/
dl), grade 2 (bilirubin elevation of 1.6–1.9 mg/dl), grade 3 (biliru-
bin elevation of 2.0–3.0 mg/dl) and grade 4 (bilirubin elevation of 
>3.0 mg/dl)  [20] . Creatinine kinase was assessed on day 100 after 
transplantation and the maximum level was also documented. An 
elevation >1,500 IU/l with typical clinical symptoms was taken as 
evidence for rhabdomyolysis. Additionally, we documented the 
duration of neutrophil ( ≥ 0.5 × 10 9 /l) and platelet ( ≥ 20 × 10 9 /l) en-
graftment in the peripheral blood. With regard to  T.   gondii , pa-
tients were monitored by serology for serum IgG and IgM at regu-
lar intervals. In case of a positive serology, monitoring for  T.   gondii  
was additionally performed by quantitative real-time PCR  [21, 22] . 
Quantitative real-time PCR for  T.   gondii  was also used to investi-
gate the cerebrospinal fluid.

  Imaging 
 In case of clinical and microbiological (PCR) findings, cere-

bral toxoplasmosis was confirmed by imaging methods. We used 
the standard method, i.e. magnetic resonance imaging (MRI). 
The toxoplasmosis-typical intracerebral lesions manifest as isch-
emic or cystic areas showing iso- to fair hypointense structures 
in T1-weighted (T1w) images and tend to be of intermediate to 
hyperintense signals in T2-weighted (T2w) images. A central 
punctuate (‘target sign’ and ‘bulls eye sign’) or marginal enhance-
ment of contrast medium and a surrounding edema (intensive 
signal in T2w images) can also be seen  [23] . The standard MRI 
protocol consisted of multiplanar T1w and T2w sequences fol-
lowed by diffusion-weighted and contrast-enhanced imaging 
techniques.

  Additionally, cerebral and chest multidetector computed to-
mography were used to specify MRI findings and to search for 
further manifestations. Here, toxoplasmosis may become appar-
ent as single or multiple, solid or cystic lesions with minor or me-
dium contrast agent uptake, with punctuate or marginal enhance-
ment of intravenously injected contrast medium. A peripheral 
edema may be present (slightly hypodense areas); in chronic dis-
ease, multiple calcified granulomas can be found  [24] . 

 Table 1.  Patient characteristics

Patients 155
Demographic data

Median age, years (range) 55 (18–73)
Males/females (ratio) 91/64 (1.4:1)

Disease 
MDS 11 (7.1)
PMF 30 (19.4)
CML 8 (5.2)
AML 39 (25.2)
ALL 4 (2.6)
Multiple myeloma 33 (21.3)
Different non-Hodgkin’s lymphomas 19 (12.3)
Severe aplastic anemia 5 (3.2)
Others 6 (3.9)

Disease status at HSCT
First manifestation 96 (61.9)
Relapse 59 (38.1)

HSCT, n
1st HSCT 128 (82.6)

>1st HSCT 27 (17.4)
Donor type

Related 50 (32.3)
Unrelated 105 (67.7)

HLA identity (n = 105)
HLA match 56 (53.3)
HLA mismatch 49 (46.7)

T. gondii IgG serostatus: patients (n = 116)
Positive 72 (62.1)
Negative 44 (37.9)

T. gondii IgG serostatus: donors (n = 124)
Positive 49 (39.5)
Negative 75 (60.5)

T. gondii IgG serostatus: patient/donor (n = 155)
Negative/negative 30 (19.4)
Positive/negative 38 (24.5)
Negative/positive 11 (7.1)
Positive/positive 28 (18.1)
Not reported 48 (30.9)

Active toxoplasmosis after HSCT 2/155 (1.3)

 Numbers of patients (%) are shown. MDS = Myelodysplastic 
syndrome; AML = acute myeloid leukemia; PMF = primary my-
elofibrosis; CML = chronic myeloid leukemia; ALL = acute lym-
phatic leukemia.
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  Results 

 Regimens 
 Of the 155 transplanted patients, 141 initially received 

TMP-SMX, 8 initially atovaquone, and 6 received inhala-
tive pentamidine first. When considered as first-line 
strategy, TMP-SMX was administered for a median of 23 
days (range 1–43 days), atovaquone for a median of 25 
days (range 8–117 days) and inhalative pentamidine for 
a median of 8 days (range 1–63 days).

  Medication Switches  
 (i) A total of 16 of 141 (11.3%) patients were switched 

from TMP-SMX to other compounds after a median of 
13 days (range 1–43 days) due to elevation of serum cre-
atinine (n  = 4), hepatotoxicity (n  = 3), gastrointestinal 
symptoms, including nausea/vomiting (n  = 4), or skin 
rash (n = 5): 13 patients were switched to atovaquone and 
3 patients to inhalative pentamidine. 

  (ii) Five of 8 (62.5%) patients were switched from ato-
vaquone to other compounds after a median of 26 days 
(range 8–117 days) due to nephrotoxicity (n = 4) and/or 
gastrointestinal symptoms (n = 3): 1 patient was switched 
to TMP-SMX and 4 patients were switched to inhalative 
pentamidine. 

  (iii) Three of 6 (50.0%) patients were switched from 
inhalative pentamidine to other compounds after a me-
dian of 8 days (range 1–51 days) due to nausea under in-
halation (n = 1) or undocumented reasons (n = 2): 2 pa-
tients were switched to TMP-SMX and 1 patient to ato-
vaquone. 

  Thus, atovaquone was administered as first-line treat-
ment in 8 cases and as second-line therapy in 14 cases, 
with a total of 22 patients receiving atovaquone in the pe-
riod after HSCT. When administered as second-line ther-
apy (14 patients), atovaquone was given for a median of 
16 days (range 1–53 days). Of all 22 patients who received 
atovaquone, 15 patients (68.2%) were able to continue 
this treatment for up to 3.5 months.

  Toxicity 
 Nephrotoxicity was noted in 24 of 155 patients (15.5%) 

from the total cohort within the study period during the 
first 100 days after transplantation. In the TMP-SMX 
group, nephrotoxicity was observed in 20 of 141 (14.2%) 
patients according to the previously described grading 
list: 7 patients in grade 1, 4 patients in grade 2, 4 patients 
in grade 3 and 5 patients in grade 4. In the atovaquone 
group, a nephrotoxic effect was found in 4 of 8 patients 
(50.0%): 1 patient in grade 1, 2 patients in grade 2 and 1 

patient in grade 4. The patients of the inhalative pent-
amidine group showed no relevant serum creatinine 
 elevation.

  In the TMP-SMX group, the cumulative rate of hepa-
totoxicity was 37/141 (26.2%) with serum bilirubin eleva-
tion graded as described: 6 patients in grade 1, 8 patients 
in grade 2, 8 patients in grade 3 and 15 patients in grade 
4. In the atovaquone group, the cumulative rate of hepa-
totoxicity amounted to 4 out of 8 (50.0%): 2 patients in 
grade 1, 1 patient in grade 2 and 1 patient in grade 4. One 
of 6 (16.7%) patients in the inhalative pentamidine group 
showed an elevation in serum bilirubin and was classified 
as grade 4.

  Neutrophil engraftment ( ≥ 0.5 × 10 9 /l) was reached 
during a median of 12 days (range 7–26 days) in the ato-
vaquone group and a median of 12 days (range 2–45 days) 
in the TMP-SMX group. Median times to thrombocyte 
engraftment ( ≥ 20 × 10 9 /l) were 11 days (range 8–31 days) 
in the atovaquone group and 14 days (range 3–82 days) 
in TMP-SMX group, respectively.

  Nausea and vomiting occurred frequently under both 
drugs, but no relevant differences were observed. How-
ever, they were not closely enough documented for a de-
tailed comparison and may also be caused by other med-
ications, such as immunosuppressive agents or antiviral 
drugs that patients received as part of the transplant set-
ting. An overview of the toxicities documented in our pa-
tients is shown in  table 2 .

  Toxoplasmosis Manifestation 
 No active toxoplasmosis was reported under contin-

ued prophylaxis with TMP-SMX or atovaquone during 
the follow-up period. In contrast, 2 cases of symptomatic 
cerebral toxoplasmosis with focal (patient 1, a 62-year-
old male) and general (patient 2, a 54-year-old male) neu-
rologic symptoms were observed after conversion to in-
halative pentamidine due to intolerance to atovaquone 
(patient 1) or TMP-SMX (patient 2), respectively. Patient 
1 developed focal symptoms including motor deficits, 
speech disorders, a positive Babinski sign of the right foot 
and contralateral carpopedal spasm of the left hand on 
day 15 after conversion from atovaquone to inhalative 
pentamidine. Cerebral CT (CCT) showed multiple sus-
pect cerebral lesions ( fig. 1 a), and cranial MRI demon-
strated signal alterations consistent with cerebral toxo-
plasmosis ( fig. 1 b). During the following 15 days after the 
first neurologic symptoms, the patient died because of 
septicemia. In patient 2, symptoms started on day 6 after 
conversion from TMP-SMX to inhalative pentamidine, 
including fever up to 39   °   C and general severe weakness. 
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 Table 2.  Organ toxicity and engraftment 

All patients  First-line strategy

T MP-SMX 
group

atovaquone 
group

pentamidine 
group

Nephrotoxicity: serum creatinine, mg/dl (n = 155)
Day 1 before HSCT 0.7 (0.2–2.7) 0.7 (0.2–2.7) 0.7 (0.4–1.0) 0.8 (0.6–2.4)
Day 100 after HSCT 1.1 (0.3–2.6) 1.1 (0.3–2.6) 1.2 (0.8–1.9) 0.9 (0.7–2.0)
Maximum level 1.6 (0.6–4.1) 1.6 (0.6–4.1) 2.0 (1.0–4.0) 1.3 (1.0–2.5)

Nephrotoxic effect, n (%)
Grade 1 (serum creatinine 1.5–1.7 mg/dl vs. 

baseline on day –1 after HSCT) 8/155 (5.2) 7/141 (5.0) 1/8 (12.5) 0/6 (0.0)
Grade 2 (creatinine 1.8–2.0 mg/dl vs. 

baseline) 6/155 (3.9) 4/141 (2.8) 2/8 (25.0) 0/6 (0.0)
Grade 3 (creatinine 2.1–2.5 mg/dl vs. 

baseline) 4/155 (2.6) 4/141 (2.8) 0/8 (0.0) 0/6 (0.0)
Grade 4 (creatinine >2.5 mg/dl vs. 

baseline) 6/155 (3.9) 5/141 (3.6) 1/8 (12.5) 0/6 (0.0)
No elevation (creatinine <1.5 mg/dl vs. 

baseline) 131/155 (84.5) 121/141 (85.8) 4/8 (50.0) 6/6 (100.0)

Hepatotoxicity
Serum bilirubin, mg/dl (n = 151)

Day 1 before HSCT 1.0 (0.2–14.1) 1.0 (0.2–8.0) 0.6 (0.5–1.4) 0.9 (0.5–1.4)
Day 100 after HSCT 0.2 (0.2–18.8) 0.6 (0.2–18.8) 0.9 (0.2–1.4) 0.6 (0.4–2.3)
Maximum level 1.3 (0.5–21.8) 1.3 (0.5–21.8) 2.1 (0.6–8.7) 1.0 (0.6–7.0)

Hepatotoxic effect, n (%)
Grade 1 (serum bilirubin 1.1–1.5 mg/dl vs. 

baseline level on day –1 after HSCT) 8/155 (5.2) 6/141 (4.3) 2/8 (25.0) 0/6 (0.0)
Grade 2 (bilirubin 1.6–1.9 mg/dl vs. 

baseline) 9/155 (5.8) 8/141 (5.7) 1/8 (12.5) 0/6 (0.0)
Grade 3 (bilirubin 2.0–3.0 mg/dl vs. 

baseline) 8/155 (5.2) 8/141 (5.7) 0/8 (0.0) 0/6 (0.0)
Grade 4 (bilirubin >3.0 mg/dl vs. 

baseline) 17/155 (11.0) 15/141 (10.6) 1/8 (12.5) 1/6 (16.7)
No elevation (bilirubin <1.5 mg/dl vs. 

baseline) 113/155 (72.9) 104/141 (73.8) 4/8 (50.0) 5/6 (83.3)

Serum creatinine kinase, IU/l 
Day 1 before HSCT (n = 130) 30 (5–5,840) 27 (5–5,840) 55 (9–197) 94 (14–475
Day 100 after HSCT (n = 23) 22 (6–891) 22 (6–891) 33 (18–47) 21 (21–21)
Maximum level (n = 154) 49 (5–5,840) 49 (5–5,840) 60 (21–203) 40 (34–475)

Rhabdomyolysis
Patients, n/total n 0/155 0/141 0/8 0/6

Neutrophil engraftment (≥0.5 × 109/l)
Duration, days 12 (2–45) 12 (2–45) 12 (7–26) 15 (10–25)

Thrombocyte engraftment (≥20 × 109/l)
Duration, days 13 (3–82) 14 (3–82) 11 (8–31) 24 (11–38)

Medians (ranges) and numbers of patients (%) are shown unless indicated otherwise (maximum levels).
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CCT showed obscure left parietal subcortical hyperden-
sity ( fig. 2 a), and MRI performed with and without con-
trast medium revealed an irregular lesion, consistent with 
an infectious residuum ( fig. 2 b). The last follow-up of the 
patient was in 2012. Further details are listed in  table 3 .

  Conclusions 

 Aiming to further improve the outcome of patients 
following allogeneic HSCT, transplant specialists try to 
optimize anti-infectious prophylaxis and treatment 
 [25] . Since the majority of infectious agents pose a risk 
for this subgroup of patients, strategies for prophylaxis 
and treatment have been developed and established in 
transplant care, e.g. for bacterial, fungal  [26]  or viral dis-
ease. Toxoplasmosis may seem to be under control with 
TMP-SMX treatment in the post-transplant setting at 
first sight; however, a subgroup of stem cell recipients 
remains that heavily suffers from the toxicity of TMP-
SMX, and in some of these patients, TMP-SMX cannot 
be continued. Inhalative pentamidine provides prophy-
laxis against  P. jirovecii , but it does not protect against 
 T. gondii . 

  Given the option of atovaquone as potent agent 
against protozoan-caused diseases such as malaria and 
toxoplasmosis and ascomycetes like  P. jirovecii , this 

agent may also be of value in stem cell recipients  [16] . In 
this study, we retrospectively evaluated a cohort of 155 
patients who received different prophylactic anti-toxo-
plasma strategies in the post-transplant period, with the 
majority of patients receiving TMP-SMX as first-line 
strategy (n = 141) and atovaquone as alternative treat-
ment (n = 8). As atovaquone was administered as sec-
ond-line prophylaxis in case of intolerance to TMP-SMX 
(n = 14), we were able to retrospectively document a total 
of 22 patients on atovaquone in the post-transplant pe-
riod. Additionally, we included 6 patients on inhalative 
pentamidine only as first-line prophylaxis against  P. jir-
ovecii,  who were unable to tolerate any anti-toxoplasmo-
sis prophylaxis. 

  First, we could document the feasibility of atova-
quone prophylaxis in the post-transplant period as 15 of 
22 (68.2%) patients were able to continue atovaquone for 
up to 3.5 months. Moreover, as no reactivation of  T. gon-
dii  was observed under atovaquone, atovaquone may 
guarantee sufficient safety as post-transplant prophylax-
is, but further confirmation in larger cohorts is required. 
Two  T.  gondii  IgG-positive patients developed symp-
tomatic cerebral toxoplasmosis after conversion from 
TMP-SMX/atovaquone to inhalative pentamidine, re-
spectively. As published data on the post-transplant use 
of atovaquone are scarce, a proper comparison of our 
data with those of other centers is difficult. In only one 

  Fig. 1.  Patient 1.  a  CCT demonstrates an obscure left parietal subcortical hypodensity.  b  MRI shows left parieto-
occipitale signal alterations corresponding to a cerebral infectious disease. 
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prospective randomized trial on this issue was atova-
quone compared to TMP-SMX in patients after autolo-
gous HSCT with respect to the development of  P. jirove-
cii  infection, but the authors did not report any case of 
toxoplasmosis  [16] .

  With regard to nephro- and hepatotoxicity, at first 
sight atovaquone seemed to be less well tolerated than 
TMP-SMX. However, this has to be seen against the 
background of other toxic medications that patients re-
ceive in the post-transplant period, and it has to be borne 

in mind that patients scheduled for first-line therapy 
with atovaquone were at least in part selected due to pre-
existing renal impairment or hepatopathy. Similar pro-
files were observed regarding hematotoxicity between 
atovaquone and TMP-SMX groups. No case of rhabdo-
myolysis was reported under either drug treatment. Gas-
trointestinal symptoms and allergic skin rash occurred in 
both groups.

  It has to be emphasized that our study has clear limita-
tions. The study was retrospective, the study design was 

  Fig. 2.  Patient 2.  a  CCT shows multiple suspect cerebral hyperdense lesions with surrounding edema.  b  T1w MRI 
reveals a hypointense lesion left parieto-occipitale.  c  T2w MRI depicts typical hyperintense signal of the described 
lesion.  d  Contrast-enhanced T1w MRI with ring enhancement. 
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nonrandomized, and the number of patients receiving 
atovaquone as first- or second-line treatment was limited. 
Therefore, confirmation of these data in a larger patient 
cohort is required. 

  In conclusion, in our study patients, atovaquone was 
an effective drug with good safety and patient compliance 
profiles that can be applied as prophylactic treatment in 
patients intolerant of TMP-SMX in the allogeneic HSCT 
setting. A possible nephro- and/or hepatotoxic effect can-
not be excluded, but especially because it does not cause 
myelosuppression, atovaquone is a good alternative for 
stem cell recipients considering their unstable hemato-

poietic situation and the myelotoxic comedication in this 
specific setting. Inhalative pentamidine is also well toler-
ated, but should be only the second alternative to TMP-
SMX as it provides no anti-toxoplasmosis effect and pro-
tects patients only from  Pneumocystis . Multicenter stud-
ies to further confirm the feasibility of atovaquone in the 
post-transplant period are urgently required.

  Disclosure Statement 

 The authors have no conflicts of interest. 

 Table 3.  Details of the 2 patients with clinical manifestation of toxoplasmosis in the post-transplant period

Patient 1 Patient 2

Indication for allogeneic HSCT MDS, diagnosed 01/2009 
(in addition: multiple myeloma, 
diagnosed 09/2000)

Peripheral low-grade T-cell 
lymphoma (diagnosed 03/2008)

HSCT HLA-mismatched MUD (PBSCT) 
(05/2009)

09/2008 autologous HSCT; 03/2009 
HLA-matched MUD (PBSCT) after 
conditioning with treosulfan/
etoposide/ATG

T. gondii IgG serostatus Patient: positive,
donor: unknown

Patient: positive, 
donor: negative

Date of toxoplasmosis manifestation 14/09/2009 27/05/2010

Age at toxoplasmosis manifestation, sex 62 years, male 54 years, male

Manifestation of toxoplasmosis Cerebral manifestation: nonspecific 
neurological symptoms, disorientation, 
motor deficits, speech disorders, 
positive Babinski sign, right side, left 
obstetrician’s hand

Cerebral manifestation; fever up to 
38.6°, reduced general condition 
with severe weakness

CCT Multiple suspicious cerebral lesions Obscure left parietal subcortical 
hypodensity

Cranial MRI Signal alterations corresponding to 
cerebral toxoplasmosis

With and without contrast 
enhancement: vascular residuum; 
left parieto-occipitale, DD infectious 
residuum

Chest CT No abnormalities No abnormalities

Medication TMP-SMX up to 07/2009, atovaquone 
from 12/07 to 29/08/2009, then change 
to inhalative pentamidine, first 
symptoms 14/09/2009 (15 days later)

TMP-SMX until 21/05/2010, then 
inhalative pentamidine; symptoms 
occurred 27/05/2010 (6 days later)

Follow-up Death caused by septicemia 
(30/09/2009)

Kidney failure during cidofovir 
therapy due to adenovirus infection 
22/10/2012

 MDS = Myelodysplastic syndrome; PBSCT = peripheral blood stem cell transplant.
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