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Among 419 consecutive allogeneic hematopoietic cell transplant recipients, we observed 17 (4.0%) cases of toxo-
plasmosis at a median time of day 45 (range, 6 to 322) after transplant. Seven of these 17 cases occurred before
day 30 after transplant. Because of the lack of PCR screening and trimethoprim-sulfamethoxazole prophylaxis
before engraftment, the diagnosis of toxoplasmosis was late, and 5 of these 7 patients died. Analyzing these cases,
early Toxoplasma blood PCR screening, starting from transplant, is crucial.

© 2019 American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc.

INTRODUCTION

Toxoplasmosis is a rare but well-known complication that
can occur after allogeneic hematopoietic cell transplantation
(HCT). It almost exclusively occurs through the reactivation of
previously seropositive recipients (R*), especially when the
donor is seronegative or the patient has been transplanted
with cord blood [1,2]. The incidence varies widely according to
several parameters: (a) the seroprevalence of toxoplasmosis in
the country (low in North America, over 50% in France) [3], (b)
the administration and compliance to trimethoprim-sulfa-
methoxazole (TMP-SMX) [1], and (c) whether a regular screen-
ing with blood real-time PCR quantitative real-time PCR
(qPCR) is performed or not. In centers that do not screen their
R* patients using a PCR analysis after transplant, the incidence
rate is reported to be around 0.2% to 2% [4,5], and the diagnosis
is often done at autopsy [2]. In centers screening their R*
patients, the incidence is much higher, between 6% and 16%
[1,4], but with more cases of infection than cases of disease.
Indeed, a weekly blood qPCR screening of R* patients allows
for the detection of the circulating DNA of the parasite before
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the appearance of symptoms. Despite the lack of a randomized
study, qPCR Toxoplasma screening is recommended by interna-
tional HCT guidelines for the early diagnosis of Toxoplasma
reactivation—especially when TMP-SMX is not given—to antic-
ipate Toxoplasma [6].

Most cases of Toxoplasma are observed between 2 and 6
months after transplant, and even in the larger studies, early
cases occurring before day 30 are very rare [1,5,7]. Because of
recent, severe, and early cases of toxoplasmosis in our depart-
ment, we reviewed all our Toxoplasma cases over the past
11 years, focusing on cases observed before day 30 after HCT.
The aim of the study was to identify the causes leading to this
unexpected finding of early toxoplasmosis and reconsider the
pertinence of our procedures accordingly.

METHODS

From the laboratory data, we retrospectively collected all cases of Toxo-
plasma infection or disease in allogeneic HCT recipients in our department
between January 2007 and June 2018, identifying all patients with a positive
qPCR on any body fluid and/or a microscopic examination showing tachy-
zoites. All patients and donors were assessed for Toxoplasma serology before
transplant. Toxoplasma infection and disease were defined according to the
European Society for Blood and Marrow Transplantation’s guidelines [8].
Briefly, Toxoplasma infection was defined as a positive qPCR with or without
fever but with no organ involvement. Toxoplasma disease was defined as
Toxoplasma infection plus clinical, radiologic, or pathologic evidence of organ
involvement by Toxoplasma gondii. Proven Toxoplasma disease was defined
as the histologic or cytologic demonstration of tachyzoites in tissue samples
obtained either by biopsy or bronchoalveolar lavage (BAL) or at autopsy.
Patients who had clinical and radiologic evidence of Toxoplasma disease plus
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>1 positive PCR test from blood, cerebrospinal fluid (CSF), or BAL but who
had no histologic confirmation were classified as having probable disease.
Disseminated toxoplasmosis was defined as clinical, radiologic, or histologic
evidence of disease in >1 organ. The cases were considered early before day
30 after transplant.

All R* patients were screened, irrespectively of prophylaxis, by qPCR in
blood, targeting a 529-bp repeat-DNA fragment (AF146527) per previously
reported methods [9] and with the same qPCR technique over the study
period. According to our local procedures from 2000, this screening was per-
formed weekly from engraftment to day 100, then every 1 to 2 weeks from 3
to 6 months, then at each consultation, according to the outpatient’s visits,
until the patient was withdrawn from any immunosuppressant.

A positive blood qPCR triggered a diagnostic workup, including fundo-
scopic eye examination, brain computed tomography (CT) scan, magnetic
resonance imaging, lung CT scan, and additional investigations according to
the clinical presentation. Asymptomatic but >1 positive qPCR patients were
preemptively treated until there were 2 consecutive negative qPCR tests; the
treatments were by daily doses of TMP-SMX if they did not receive TMP-SMX
at diagnosis or by pyrimethamine with sulfadiazine, atovaquone, or dapsone
if the diagnosis was done under TMP-SMX. Patients with Toxoplasma disease
were treated with pyrimethamine and sulfadiazine, pyrimethamine and clin-
damycin, or high-dose TMP-SMX for 3 weeks and then put on secondary pro-
phylaxis. According to French Health Public Law (CSP Art L1121-1.1), the
current type of investigation does not require specific informed consent or
ethics committee approval.

RESULTS

In total, 419 patients received an allogeneic HCT during the
study period. Data were censored starting on October 30,
2018, so that all patients had a minimal follow-up of 4 months
after transplant. Among these 419 patients, 17 (4.0%) devel-
oped toxoplasmosis, 7 (1.6%) before day 30 (median [range]
time, day 22 [6 to 28]) and 10 (2.4%) after day 30 (median
[range] time, day 172 [43 to 322]) (Table 1). Briefly, all 17
patients were seropositive (R*) for Toxoplasma, and all donors
(D) except 1 were seronegative.

Among the 7 patients with early toxoplasmosis, none had
received TMP-SMX prophylaxis just before or since transplant,
and only 2 had been screened for qPCR before diagnosis. In
these 2 patients, the second qPCR of the screening was positive
at day 25 and day 28, respectively. These patients were preemp-
tively treated, and none of them developed Toxoplasma disease.
In the 5 other early cases, the diagnosis was suspected based on
clinical manifestations—mostly fever or pneumonia—when
qPCR blood screening was not routine. Three patients were neu-
tropenic, and only 1 had graft-versus-host disease (GVHD). All 7
patients developed febrile neutropenia between transplant and
the diagnosis of toxoplasmosis, including 6 cases of fever of
unknown origin. Two patients had another documented infec-
tion before the diagnosis of toxoplasmosis, which could have
delayed the diagnosis: 1 probable pulmonary aspergillosis and
1 Pseudomonas bacteremia. Only 1 patient had a coinfection at
the time of Toxoplasma infection (pulmonary aspergillosis with
pleural effusion, which was positive for galactomannan and
negative for Toxoplasma PCR in the pleural liquid). The delay
between first symptoms and toxoplasmosis diagnosis was 0 to
6 days. All 5 (71%) patients with Toxoplasma disease (proven, 1;
probable, 4) had pulmonary toxoplasmosis diagnosed at a
median of 22 days (range, 6 to 28). All 5 patients died 1 to
33 days after the diagnosis from respiratory (n=2) or multivisc-
eral failure because of disseminated toxoplasmosis (n = 3).

Among the 10 cases observed after day 30, there was only 1
Toxoplasma disease (10%) in a patient who was being treated
for TMP-SMX prophylaxis but had gut GVHD. At day 319, this
patient, who refused to come to the hospital during 1 month,
developed seizures, revealing brain toxoplasmosis, which was
proven by histology and qPCR on a brain biopsy specimen,
whereas a previous blood qPCR tested negative 4 weeks
before. This patient was successfully treated and survived. The

other 9 patients were preemptively treated based on positive
gPCR results. Two of them died within 3 months after the diag-
nosis of Toxoplasma infection, 1 from leukemia relapse (n=1)
and the other from unexplained multivisceral failure with
pericarditis (n=1), but both of these patients had a negative
blood qPCR at the time of death. A third patient developed
Toxoplasma infection at day 45 after HCT, concomitantly with
uncontrolled acute grade III GVHD and multivisceral failure,
and remained positive for qPCR in blood until death despite
preemptive treatment and without evidence of Toxoplasma
disease. The median (range) number of toxoplasma PCRs per-
formed before the diagnosis (first positive PCR) of Toxoplasma
infection or disease was 0 (0 to 1) in the 7 early cases and 25 (5
to 29) in the 10 cases occurring after day 30.

DISCUSSION
We report that 41% of our toxoplasmosis cases occurred
within 30 days after allogeneic transplant when the patients
usually did not receive any post-transplant TMP-SMX prophy-
laxis and were not screened by qPCR, both being started after
engraftment according to our procedures. Although the small
size of our patient cohort precludes any statistical comparison,
the concomitant lack of prophylaxis and of screening probably
explains the high proportion of Toxoplasma disease and of the
early deaths with or from toxoplasmosis in these early cases
compared with the later cases. Noteworthy, 6 of these 7
patients developed toxoplasmosis when they had no GVHD
and had not received any steroid therapy. On the other hand,
the 10 patients with toxoplasmosis after day 30 benefited
from a regular screening so that 9 of them could have been
treated preemptively before the onset of any symptom. The
only patient who developed central nervous system (CNS)
toxoplasmosis 10 months after transplant while on treatment
of active GVHD had refused consultations during four weeks
while he should have benefited from a weekly PCR screening.
In previous series, most toxoplasmosis cases occurred dur-
ing the second or third months after allogeneic HCT, with a
risk persisting across the first year of transplant and some-
times even later [10,11]. Cases occurring during the first 4
weeks of transplant have been rarely reported but seem to
have a high mortality rate [1,5,7]. Our series clearly identifies
toxoplasmosis as an early complication of allogeneic HCT.
However, these cases should have been detected earlier,
before any toxoplasma disease, using a weekly blood qPCR
screening from transplant. Therefore, in R* patients, we recom-
mend starting this screening immediately after transplant, not
from the point of engraftment. Whether the administration of
TMP-SMX given before transplant for Pneumocystis jirovecii
pneumonia prophylaxis in some centers may prevent early
toxoplasmosis in HCT recipients has not been addressed in the
literature and cannot be determined from our series but seems
unlikely as TMP-SMX cannot be efficient on dormant cysts.
The main limit of the current study is that because of the
small number of cases, it was not possible to search for the risk
factors for developing early—rather than late—toxoplasmosis
among our whole cohort of 419 patients. However, our find-
ings are consistent with previous studies identifying cord
blood transplant, donor’s seronegativity, and lack of TMP-SMX
prophylaxis as risk factors for Toxoplasma reactivation [1,4].
For a long time, because of the length and deepness of neu-
tropenia after myeloablative conditioning, our efforts during
the first 3 to 4 weeks of transplant have been focused on the
optimal management of bacterial and fungal infections, which
were the main fears of the transplanters. More recently,
because of the predominant use of reduced-intensity
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Table 1

Clinical Characteristics and Outcome of the Patients Who Developed Toxoplasma Infection or Disease after Allogeneic HCT within 30 Days (n=7) or from 30 Days

(n=10) after Transplant

Characteristic Toxoplasmosis before Toxoplasmosis from Total
Day 30 after HCT Day 30 after HCT
No. (%) of patients 7 (41) 10(59) 17
Age, median (range), yr 53 (19-65) 56 (31-65) 55 (19-65)
Male/female, No. 5/2 8/2 13/4
Underlying disease, No.
Acute myeloid leukemia 4 5 9
Acute lymphoblastic leukemia 1 2 3
Biphenotypic acute leukemia 0 1 1
Lymphoma 2 1 3
Primary myelofibrosis 0 1 1
Toxoplasma serology before HCT, No. (%)
Positive 7 (100) 10 (100) 17 (100)
Negative 0 0 0
Toxoplasma serology of the donor, No. (%)
Positive 1(14) 0(0) 1(6)
Negative 6(86) 10 (100) 16 (94)
Type of transplant, No. (%)
HLA-identical 0(0) 1(10) 1(6)
Matched unrelated 4(57) 5(50) 9(53)
Mismatched unrelated 1(14) 3(30) 4(23.5)
Cord blood 2(29) 1(10) 3(17.5)
Conditioning regimen, No. (%)
Myeloablative 1(14) 3(30) 4(23.5)
Reduced intensity 6(86) 6 (60) 12 (70.5)
Nonmyeloablative 0 1(10) 1(6)
Antithymocyte globulin in the conditioning 6(86) 7(70) 13(76)
Type of toxoplasmosis, No. (%)
Infection 2(29) 9(90) 11(64.5)
Proven disease 1(14) 1(10) 2(12)
(lung, gut) (brain)
Probable disease 4(57) 0(0) 4(23.5)
(lung: 4; brain: 1)
Median day (range) of toxoplasmosis after HCT 22 (6-28) 172 (43-322) 45 (6-322)
Polymorphonuclear <500 cells/uL at diagnosis of 3(43) 0(0) 3(17.5)
toxoplasmosis, No. (%)
GVHD at time of diagnosis of toxoplasmosis or before
(maximal severity), No. (%)
None 6(86) 3(30) 9(53)
Acute grades [-1I 0 1(10) 1(6)
Acute grades III-IV 1(14) 5(50) 6(35)
Chronic NA 1(10) 1(6)
Steroids at time of toxoplasmosis, No. (%) 1(14) 8(80) 9(53)
TMP-SMX prophylaxis within the 3 weeks before 0(0) 2(20) 2(12)
toxoplasmosis, No. (%)
Atovaquone prophylaxis within the 3 weeks before 0(0) 3(30) 3(17.5)
toxoplasmosis, No. (%)
Outcome within 3 months, No. (%)
Survival 2(29) 7(70) (53)
Death 5(71) 3(30) (47)
Death with or from toxoplasmosis 5(71) 1(10) (35)
Time between toxoplasmosis diagnosis and death, d 1,4,7,18,and 33 4,20, and 43
NA indicates not applicable.
conditioning, other infections, initially considered complica- because of the lack of TMP-SMX before engraftment [12]. Simi-
tions of the “second” postengraftment phase of transplant, larly, Toxoplasma infection may develop early after transplant
have emerged as major, early problems. Indeed, we recently and should be detected using a weekly qPCR screening from

reported the early onset of pneumocystosis in 3 of 18 cases transplant to avoid the development of early Toxoplasma
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disease. From 3 months after transplant, we recommend to go
on PCR screening, every 1 to 2 weeks, as long as the patient
receives immunosuppressants.

CONCLUSION

Because there is no reliable Toxoplasma prophylaxis except
for TMP-SMX, which should not be given before engraftment
because of its hematologic toxicity, we strongly recommend
starting a weekly qPCR screening with the transplant and
eventually from conditioning in R* patients to catch early reac-
tivation. The timing between the sample and result is also cru-
cial to optimally start a preemptive treatment and avoid the
development of Toxoplasma disease.
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