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Intestinal microsporidiosis caused by Enterocytozoon bieneusi is an opportunistic infection
that especially affects solid organ transplant (SOT) recipients. Management revolves around
tapering the immunosuppressive regimen and/or using a specific anti-microsporidia
treatment, but only fumagillin has demonstrated efficacy for treatment of this infection.
Since fumagillin has been commercially discontinued, nitazoxanide is increasingly being
used in this indication. We aimed to describe therapeutic management of E. bieneusi
infections in this context. We conducted a French nationwide observational retrospective
study on reported cases of E. bieneusi infections in SOT recipients. We identified 154 cases:
64 (41.6%) were managed by simply modifying the immunosuppressive regimen, 54
(35.1%) were given fumagillin, and 36 (23.4%) were given nitazoxanide. Clinical
remission rate ranged from 77.8% to 90.7% and was not significantly different between
therapeutic strategies but tended to be lowerwith nitazoxanide. Stool negativization rate was
highest with fumagillin (91.7%) and lowest with nitazoxanide (28.6%). Relapses occurred in
6.9% of cases and were more frequent with nitazoxanide (14.3%). This study shows that
tapering immunosuppression can result in a satisfactory remission rate but is sometimes
accompanied by relapses. Nitazoxanide had limited effectiveness, whereas fumagillin had
good results that provide a solid rationale for bringing fumagillin back to market.

Trial Registration Number: ClinicalTrials.gov ID: NCT05417815.

Keywords: solid organ transplant, nitazoxanide, microsporidiosis, Enterocytozoon bieneusi, infectious diarrhea

INTRODUCTION

Enterocytozoon bieneusi is by far the most common microsporidia
species causing intestinal microsporidiosis, which manifests as
profuse watery diarrhea and abdominal pain [1]. Enterocytozoon
bieneusi microsporidiosis can occur in both immunocompetent
and immunocompromised individuals, but significantly affects
immunocompromised solid organ transplant (SOT) recipients [2,
3]. While in the immunocompetent, the infection will generally
result in acute diarrhea, in the immunocompromised, it will become
chronic, which can lead to significant weight loss and dehydration.

Management of these infections in SOT patients is not fully
standardized but involves tapering immunosuppression, possibly
also associated with specific treatment. Only fumagillin, a mycotoxin
produced by the fungus Aspergillus fumigatus, has demonstrated
effectiveness against E. bieneusi infections in clinical trials [4, 5].
Serious adverse events were observed in 25% of patients and
especially included dose-related hematologic toxicity that
manifested as thrombocytopenia and/or neutropenia, requiring
hospitalization for the duration of treatment [6]. Fumagillin has
been out of stock on several occasions in the past and has not been
commercialized since 2019, in some cases leading to therapeutic
impasse. In the absence of fumagillin, the proposed alternative is

nitazoxanide, a broad-spectrum antiparasitic drug effective against a
broad range of protozoan and helminthic infections. However, the
effectiveness of nitazoxanide against microsporidia has never been
formally evaluated, but some successes have been described in case
reports [7–11]. Nitazoxanide has few reported serious side effects,
but there have been occasional reports of nitazoxanide-induced
liver injury [12].

Given this context of difficulty treating intestinal
microsporidioses, the French National Reference Center for
microsporidioses is regularly asked to advise on therapeutic
options for SOT patients. Here, to address this need, we worked
with the French network of transplant recipients to conduct a
retrospective observational study of E. bieneusi infections and
therapeutic management in a French cohort of SOT patients.

PATIENTS AND METHODS

Ethical Statement
This retrospective study was approved by our local research ethics
committee (“Comité de Protection des Personnes Sud-Est VI,”
France) and performed in compliance with French data privacy
policy (approval #MPP220505).
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Study Population
We used the French National Reference Center (NRC) for
Microsporidiosis, the Spiesser and Divat groups, and the “Groupe
français de recherche en greffe de foie” to retrospectively collect
microsporidiosis cases in adult SOT recipients in France between
2018 and 2021 where E. bieneusi was identified as the causal agent.
Briefly, since 2018 and on a voluntary basis, French laboratories
diagnosing a case of microsporidiosis report their case to the NRC
(by sending samples and providing clinical data). The network of
participating laboratories is sufficiently extensive to allow
representation of the entire French territory (mainland and
overseas). The NRC case register was used to identify centers to
contact for the present study. At the same time, two French
transplant medicine networks, Spiesser and Divat, and the
“Groupe français de recherche en greffe de foie”, were also
contacted to identify cases corresponding to the study inclusion
criteria. So these two approaches allowed to identify as many cases of
microsporidiosis as possible. As fumagillin production was
discontinued in 2019, the number of patients treated with
fumagillin over the 2018–2021 period was low compared to other
management strategies. We therefore also included fumagillin-
treated patients from the TRANS-SPORE registry, a previous
retrospective observational study on microsporidiosis in French
kidney transplant recipients for the period 2005–2017 carried out
in six university hospital centers [2]. Cases were defined by the
presence of persistent diarrhea (i.e., ≥3 liquid stools per day for more
than 2 weeks) and detection of microsporidia spores by microscopic
examination of fecal smears (after Van Gool chemiluminescent

staining, Weber’s modified trichrome staining, or
immunofluorescent staining) and/or molecular methods.
Identification to species level was achieved using species-specific
antibodies or PCR. Exclusion criteria were age <18 years,
extraintestinal microsporidiosis, and microsporidiosis caused by a
species other than E. bieneusi.

Patient demographics and medical records were retrieved from
the hospital registries, and the following data were recorded: age,
gender, type of organ transplant, retransplantations, date of current
transplant, clinical presentation associated with microsporidiosis,
values of biological parameters at diagnosis (hemoglobin,
lymphocyte and CD4 counts, neutrophil count, platelet count,
C-reactive protein (CRP), serum creatinine, residual
concentrations of immunosuppressive drugs before and at
diagnosis) and after treatment (platelet count, serum creatinine),
microsporidiosis treatment, associated infections, relapses, and graft
and patient outcomes at 1 year.

Definitions of Groups
The included patients were divided into three groups according to
therapeutic management. (i) Patients who did not receive any
specific drug against E. bieneusi and who were managed with a
modification of immunosuppressive (IS) treatment that could be
carried out in a context of a too high IS trough levels at diagnosis of
microsporidiosis or in a context of ‘normal’ trough levels per
standard-of-care [13, 14], belonged to the “MIT” group. (ii)
Patients who received fumagillin, with or without modification of
the IS treatment, were included in the “FUM” group. (iii) Patients

GRAPHICAL ABSTRACT
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who received nitazoxanide, with or without modification of the IS
treatment, belonged to the “NTZ” group. Patients who received one
treatment then the other were classified under their second
treatment group (considering that the first had not been effective).

Three criteria were studied to evaluate the effectiveness of
therapeutic management: (i) the resolution of clinical
manifestations (i.e., resolution of diarrhea) at the end of the
treatment/modification of the IS treatment, (ii) the stool
negativization (i.e., stool clearance), determined by PCR during
and/or after treatment, and (iii) the clinical relapse (reappearance
of diarrhea) rate.

Statistical Analysis
No sample size estimation was performed. As this is a rare disease,
we aimed for the exhaustiveness. Statistical analysis was performed
using Stata software (version 15; StataCorp, College Station, TX). All
tests were two-sided, with an alpha level set at 5%. Categorical data
are reported as number of patients and percentages, and quantitative
data are reported as mean ± standard deviation or median [25th;
75th percentiles]. Baseline between-groups comparisons were
performed using a Chi-squared test or Fisher’s exact test for
categorical data, and ANOVA or a Kruskal-Wallis test for
quantitative data. Between-groups comparisons on outcomes
were performed using linear or generalized linear mixed models,
with hospital center as random effect. In particular, two
multivariable analyses were performed on clinical remission using
a mixed effects logistic regression. In these analyses, the fixed effects
were: group, age, sex, and serum creatinine at diagnosis, in the first
model; and group, age, sex, and renal failure, in the second model.
Finally, time to stool negativization and time to clinical remission
(censored data) were estimated by the Kaplan-Meier method and
compared between groups using the log-rank test.

RESULTS

Study Population
The characteristics of the patient cohort are given in Table 1. A
total of 154 patients from 26 French hospital centers were

included. They were mainly males (55.8%), aged 56.2 ±
14.5 years, and the vast majority kidney transplant
recipients (93.5%).

The MIT group included 64 patients (41.6%), the FUM group
included 54 patients (35.1%) and the NTZ group included
36 patients (23.4%) (Table 1).

There were 27 patients treated with fumagillin from the
TRANS-SPORE registry [2] and 27 from the French National
Reference Center for microsporidiosis for the 2018–2021 period.
There were no differences between these two subcohorts on any
of the criteria tested, i.e., clinical characteristics (age, gender,
transplant, time to onset of microsporidiosis), clinical remission
rate, creatinine at 3 months, relapse, organ failure, and death
(data not shown).

Clinical and Biological Presentation at
Microsporidiosis Diagnosis
Microsporidiosis onsetted at a median time of 5.6 [2.3; 9.7]
years following transplantation (Table 1). In addition to
diarrhea, more than half (53.9%) of the patients presented
weight loss (approximately 8% [5; 12] of ideal weight)
(Table 2). The other reported symptoms were nausea/
vomiting (37.7%), asthenia (20.8%), abdominal pain
(20.1%), fever (5.2%), anorexia (3.9%), dehydration (3.2%),
bloating (1.9%), hypotension (1.3%), and dysphagia (1.3%).
There were no between-group differences in these symptoms
except for abdominal pain (p = 0.045, Table 2). Microsporidia
diagnosis was performed with a median delay of 19 [12; 39]
days after the onset of diarrhea. At diagnosis, median values of
hematological and inflammatory parameters were normal,
except for lymphocyte count which was decreased
(Table 2). More than half of the patients (n = 55/100,
55.0%) had acute renal failure according to the acute kidney
injury network (AKIN) classification [15], of which 34 (34.0%)
had AKIN 2 or 3 renal failure (Table 2). Overall, median serum
creatinine value was 187 [124; 293] µmol/L at diagnosis. Note
that even though fumagillin is contraindicated for creatinine
values above 175 μmol/L, median serum creatinine value in the

TABLE 1 | Clinical characteristics of the patients.

All patients (n = 154) MIT
(n = 64, 41.6%)

Fumagillin
(n = 54, 35.1%)

Nitazoxanide
(n = 36, 23.4%)

p

Age at diarrhea onset (years) (n = 145) 56.2 ± 14.5 53.6 ± 15.0 56.6 ± 15.3 60.5 ± 11.4 0.09
Male sex 86 (55.8) 31 (48.4) 35 (64.8) 20 (55.6) 0.20
Previous transplant 26 (16.9) 8 (12.5) 11 (20.4) 7 (19.4) 0.47
Transplant(s)
Kidney 144 (93.5) 59 (92.2) 51 (94.4) 34 (94.4) 0.92
Heart 8 (5.2) 3 (4.7) 1 (1.9) 4 (11.1) 0.17
Liver 6 (3.9) 3 (4.7) 3 (5.6) 0 (0.0) 0.50
Lung 1 (0.6) 1 (1.6) 0 (0.0) 0 (0.0) 1.00
Pancreas 3 (1.9) 2 (3.1) 0 (0.0) 1 (2.8) 0.46

Multi-organs transplant 7 (4.5) 3 (4.7) 1 (1.9) 3 (8.3) 0.43
Baseline serum creatinine (µmol/L) (n = 101) 142 [112; 180] 135 [110; 175] 146 [112; 200] 146 [127; 175] 0.68
Time between last transplantation and first positive PCR (years) (n = 151) 6 [2; 10] 6 [2; 10] 6 [3; 11] 5 [3; 10] 0.98

Data are presented as number of patients (percentages), mean ± standard deviation, or median [25th; 75th percentiles]. Comparisons between groups were made with Chi-squared test
or Fisher’s exact test for categorical data, and with ANOVA, or Kruskal-Wallis test for quantitative data. In the first column, “n” is the number of available data when there is missing data.
MIT: modification of immunosuppressive treatment; PCR: polymerase chain reaction.
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FUM group was 191 [129; 278] µmol/L (Figure 1). In the MIT
group, 51.9% of patients (n = 14/27) had AKIN 1 renal failure,
whereas 50.0% of patients (n = 7/14) in both the FUM and
NTZ groups had AKIN 3 renal failure. Nearly a third of
patients (30.5%) had another concurrent infection
(Supplementary Table S1).

Therapeutic Management
A high proportion of patients were hospitalized (82.5%),
particularly patients receiving fumagillin (92.6% vs. 73.4% in
the MIT group vs. 83.3% in the NTZ group, p = 0.02) (Table 2),
which must be interpreted in light of the recommendations
concerning its use. The vast majority of these hospitalizations

(98.4%) were in conventional wards (only two patients were in
intensive care units) for a median hospital stay of 7 [5; 14] days.

There were significantly fewer patients who received
tacrolimus in the NTZ group (Table 3). Steroids dose was
significantly higher in the FUM group compared to the others
(p = 0.003). Nearly half of patients (n = 60/121, 49.6%) had
significant tacrolimus trough levels (>10 ng/L) at the time of
microsporidiosis diagnosis (Table 3).

Median duration of treatment with nitazoxanide and
fumagillin was 14 [13; 21] and 14 [12; 14] days, respectively.
Regarding nitazoxanide, three (8.3%) patients received less than
7 days of treatment, 17 (47.2%) patients received more than
14 days, and three (8.3%) patients received treatment several
times for at least 14 days. Regarding fumagillin, seven (13.0%)
patients received 7 days of treatment, and five (9.3%) patients
received more than 14 days. The reasons for treatment durations
of 7 days, whether for nitazoxanide or fumagillin, are not known.

Safety and Treatment Interactions
One patient (kidney transplant recipient) (2.8%) treated with
nitazoxanide experienced hepatic adverse effects attributed to the
treatment, but this did not lead to treatment discontinuation.
Regarding patients treated with fumagillin, as expected,
thrombocytopenia was reported in 86.8% (n = 33/38) of cases
(Supplementary Figure S1). Median nadir platelet count was
70 [40; 124] G/L, and severe (i.e., < 50 G/L) thrombocytopenia
was observed in 34.2% (n = 13/38) of patients. Severe
thrombocytopenia led to premature stoppage of treatment in
four patients, after 10 days of treatment for two of them and
13 days for the other two. Only one patient developed a
hemorrhagic event (an intra-alveolar hemorrhage which
occurred a few days after stopping fumagillin when the

TABLE 2 | Clinical presentation of microsporidiosis and laboratory characteristics at diagnosis.

All patients (n = 154) MIT (n = 64) Fumagillin (n = 54) Nitazoxanide (n = 36) p

Symptoms
Diarrhea 154 (100) 64 (100) 54 (100) 36 (100) NA
Fever (>38.5°C) 8 (5.2) 5 (7.8) 1 (1.9) 2 (5.6) 0.41
Nausea/vomiting 58 (37.7) 24 (37.5) 18 (33.3) 16 (44.4) 0.57
Asthenia 32 (20.8) 15 (23.4) 10 (18.5) 7 (19.4) 0.79
Abdominal pain 31 (20.1) 16 (25.0) 5 (9.3) 10 (27.8) 0.045
Weight loss 83 (53.9) 29 (45.3) 33 (61.1) 21 (58.3) 0.19

Weight loss (%) (n = 75) 8 [5; 12] 7 [5; 13] 9 [5; 11] 6 [5; 11] 0.71
Hospitalization rate 127 (82.5) 47 (73.4) 50 (92.6) 30 (83.3) 0.02
Serum creatinine (µmol/L) (n = 150) 187 [124; 293] (43; 838) 182 [136; 285] (85; 653) 191 [129; 278] (43; 838) 216 [118; 311] (85; 676) 0.88
Renal failure 55/100 (55.0) 27/49 (55.1) 14/23 (60.9) 14/28 (50.0) 0.74
AKIN stage 0.22
1 21/55 (38.2) 14/27 (51.9) 3/14 (21.4) 4/14 (28.6)
2 14/55 (25.4) 7/27 (25.9) 4/14 (28.6) 3/14 (21.4)
3 20/55 (36.4) 6/27 (22.2) 7/14 (50.0) 7/14 (50.0)

CRP (mg/L) (n = 115) 4 [1; 11] 3 [1; 11] 5 [2; 15] 3 [1; 8] 0.31
Hemoglobin (g/dL) (n = 150) 11.6 [10.1; 12.9] 11.4 [10.0; 12.4] 11.7 [10.3; 13.4] 11.9 [10.1; 12.9] 0.87
Platelets (G/L) (n = 133) 226 [169; 268] 236 [168; 279] 219 [165; 264] 217 [173; 263] 0.96
PNN (G/L) (n = 133) 4.7 [3.3; 6.6] 4.7 [3.1; 7.1] 5.3 [3.3; 8.1] 4.5 [3.3; 5.8] 0.33
Lymphocyte (G/L) (n = 130) 1.08 [0.64; 1.60] 1.19 [0.77; 1.82] 1.10 [0.64; 1.81] 1.01 [0.51; 1.30] 0.08

Data are presented as number of patients (percentages), or median [25th; 75th percentiles] (range). Comparisons between groups were made with Chi-squared test or Fisher’s exact test
for categorical data, and with Kruskal-Wallis test for quantitative data. In the first column, “n” is the number of available data when there is missing data. AKIN: acute kidney injury network
(score 3 is more serious than score 1); CRP: C-reactive protein; MIT: modification of immunosuppressive treatment; NA: not applicable; PNN: polynuclear neutrophil.

FIGURE 1 | Serum creatinine values at microsporidiosis diagnosis
according to therapeutic management group. The red line at 175 μmol/L
represents the maximum creatinine value beyond which fumagillin is
contraindicated according to the safety notice. MIT: modification of
immunosuppressive treatment.
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thrombocytopenia worsened). For all patients, thrombocytopenia
was reversible several days after stopping treatment. There was no
effect of serum creatinine value at initiation of fumagillin
treatment on fumagillin tolerance.

No drug–drug interactions were reported. In particular, there
were no reported cases of difficulty obtaining the therapeutic
target concentrations of IS drugs in the presence of fumagillin or
nitazoxanide.

Follow-Up and Outcome
Three months after diagnosis, median serum creatinine value was
144 [115; 203] µmol/L. Symptoms associated with
microsporidiosis disappeared for 134 (87.0%) patients, within
a median of 10 [5; 20] days following the start of specific
treatment and/or modification of IS treatment. Clinical
remission rate was 77.8% for the NTZ group, 89.1% for the
MIT group, and 90.7% for the FUM group, with no significant
between-group differences (Table 3; Figure 2). By adjusting the
effect of age, sex and serum creatinine, there is no difference in
terms of clinical remission (n = 154; p = 0.49). Likewise, no
difference was observed by adjusting the effect of age, sex and
renal failure (n = 98; p = 0.78).

Microsporidia monitoring on patient stools was only carried
out in less than half of the patients (46.8%). Stool negativization
rate was significantly higher in the FUM group compared to MIT
and NTZ groups (91.7% vs. 59.1% vs. 28.6% respectively, p =
0.002) (Table 3; Figure 3).

Ten out of 145 patients (6.9%) relapsed. Median time to
relapse was 150 [102; 526] days after the first positive-test
sample of the first episode. Relapses tended to be more
frequent in the NTZ group than in the MIT and FUM groups
(14.3% vs. 7.0% vs. 1.9% respectively, p = 0.13). All relapsed

TABLE 3 | Management and follow-up.

All patients (n = 154) MIT (n = 64) Fumagillin (n = 54) Nitazoxanide (n = 36) p

Immunosuppressive treatment at day 0
Tacrolimus 134 (87.0) 58 (90.6) 50 (92.6) 26 (72.2) 0.02
Trough levels (ng/L) (n = 121) 10.0 [6.6; 14.7] 9.9 [7.1; 13.9] 9.8 [5.5; 14.7] 11.2 [6.5; 14.8] 0.85
Trough levels >10 ng/L 60/121 (49.6) 25/52 (48.1) 24/48 (50.0) 11/21 (52.4) 0.94

Mycophenolate mofetil 128 (83.1) 51 (79.7) 49 (90.7) 28 (77.8) 0.17
Dose (g/day) (n = 124) 1.0 [1.0; 1.5] 1.0 [1.0; 1.0] 1.0 [1.0; 1.5] 1.0 [0.8; 1.5] 0.63

Steroids 105 (68.2) 45 (70.3) 38 (70.4) 22 (61.1) 0.58
Dose (mg/day) (n = 103) 5.0 [5.0; 10.0] 5.0 [5.0; 5.0] 7.5 [5.0; 10.0] 5.0 [5.0; 10.0] 0.003

Everolimus 15 (9.7) 9 (14.1) 2 (3.7) 4 (11.1) 0.14
Dose (mg/day) (n = 15) 2.0 [1.5; 3.0] 2.0 [2.0; 4.0] 2.5 [2.0; 3.0] 1.5 [1.3; 1.8] 0.15

Cyclosporine 14 (9.1) 3 (4.7) 2 (3.7) 9 (25.0) 0.002
Dose (mg/day) (n = 13) 120 [100; 200] 160 [60; 400] 85 [50; 120] 120 [110; 200] 0.41

Azathioprine 5 (3.3) 2 (3.1) 2 (3.7) 1 (2.8) 1.00
Dose (mg/day) (n = 4) 88 [63; 100] 63 [50; 75] 100 100 0.26

Belatacept 4 (2.6) 1 (1.6) 3 (5.6) 0 0.36
Dose (mg/day) (n = 4) 340 [265; 395] 380 300 [230; 410] — 0.65

Follow-up and outcome
Clinical remission 134 (87.0) 57 (89.1) 49 (90.7) 28 (77.8) 0.23
Time from first symptoms to clinical remission (days) (n = 76) 10 [5; 21] 8 [5; 15] 14 [7; 24] 9 [5; 25] 0.28
Serum creatinine at month 3 (µmol/L) (n = 126) 144 [115; 203] 137 [110; 195] 159 [116; 203] 139 [117; 209] 0.69
Microsporidia stool monitoring 72 (46.8) 22 (34.4) 36 (66.7) 14 (38.9) 0.08
Stool negativization rate 50/72 (69.4) 13/22 (59.1) 33/36 (91.7) 4/14 (28.6) 0.002

Relapse 10/145 (6.9) 4/57 (7.0) 1/53 (1.9) 5/35 (14.3) 0.13
Organ failure at month 12 1/101 (1.0) 0/50 (0.0) 0/23 (0.0) 1/28 (3.6) 0.51
Death at month 12 1/124 (0.8) 0/50 (0.0) 1/47 (2.1) 0/27 (0.0) 0.60

Data are presented as number of patients (percentages), ormedian [25th; 75th percentiles]. Comparisons between groups for immunosuppressive treatment at day 0weremadewith Chi-
squared test or Fisher’s exact test for categorical data, and with Kruskal-Wallis test for quantitative data. Comparisons between groups for outcomes were made with linear or generalized
linearmixedmodels, with the center as random effect. In the first column, “n” is the number of available data when there is missing data. MIT: modification of immunosuppressive treatment.

FIGURE 2 | Graphical representation of clinical remission times
according to treatment. Clinical remission times (censored data) were
estimated by the Kaplan-Meier method and compared between groups using
the log-rank test. The analysis was carried out on 96 data, 58 clinical
remission times not being specified. MIT: modification of
immunosuppressive treatment.
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patients in the NTZ group received at least 14 days of
nitazoxanide (two had received nitazoxanide for 30 days).
Conversely, the lowest rate of relapses was observed in the
FUM group, with only one case (1.9%). Note that this patient
received fumagillin only during 7 days and relapsed
after 294 days.

Graft and Patient Survival
Six kidney transplant recipients experienced acute graft rejection
during the 3 months following microsporidiosis diagnosis (five
MIT and one NTZ). All the rejection cases were attributed to the
reduction in IS dose.

One patient, a kidney-pancreas transplant recipient belonging
to NTZ group and diagnosed with chronic rejection before the
onset of microsporidiosis, presented kidney transplant failure
after 5 months.

One kidney transplant recipient in the FUM group died of
hemorrhagic stroke at 5 months, with no direct link to
microsporidiosis or treatment.

DISCUSSION

In the context of a fumagillin shortage since several years, we
conducted this study to describe management practices and
challenges with E. bieneusi microsporidiosis in SOT
recipients.

More than 40% of the E. bieneusi microsporidiosis patients in
this study were managed by adapting their IS treatment only, and
the outcome was favorable in 89.1% of cases. Interestingly,
patients treated with a specific anti-microsporidia drug
(fumagillin or nitazoxanide) presented more severe clinical
(i.e., hospitalization rate, tri-therapy immunosuppressant
regimen) and/or biological (i.e., severe acute renal failure
AKIN 3) status at the time of microsporidiosis diagnosis. Note
that all six graft rejections identified in the 3 months following

microsporidiosis were attributed to IS reduction as infection
management strategy.

Clinical remission rates were not significantly different between
groups but nitazoxanide tended to be the least effective strategy, with
a clinical remission rate of 77.8%. Interestingly, nearly half of patients
treated with nitazoxanide received more than 14 days of treatment,
suggesting that 14 days may be too short. Dosage and duration of
nitazoxanide treatment have not been defined for microsporidiosis,
but previously published cases reported success following treatment
with 1,000 mg nitazoxanide twice daily for 60 days, or 500 mg twice
daily usually for 14 days but also up to more than a year [7–11].
Fumagillin was not more effective than IS management alone in
obtaining clinical remission (90.7% and 89.1%, respectively).
However, fumagillin was the most effective treatment for
achieving stool negativization (91.7% vs. 28.6% for nitazoxanide
alone and 59.1% for IS management alone). Nitazoxanide treatment
also had the highest relapse rate, at 14.3%, compared to 1.9% for
fumagillin and 7.0% for ISmanagement alone, but the difference was
not statistically significant. The only relapse after fumagillin
treatment was associated with premature discontinuation of
treatment, whereas fumagillin was effective for the other six
patients who were also prematurely discontinued. This raises the
question of the necessary duration of treatment in SOT recipients, as
the recommended duration of 14 days had initially been defined
from a cohort consisting mainly of HIV patients [4]. Finally, note
that there were no graft rejections reported in fumagillin-group
patients. Importantly, these comparisons between therapeutic
strategies must also take into account that patients of each
treatment group have different baseline characteristics, which
introduces potential confounding factors and may influence the
success or failure of treatment. However, by adjusting the effect of
age, sex and renal failure, there is no difference in terms of
clinical remission.

Interestingly, at the time of microsporidiosis diagnosis, almost
50% of patients had elevated tacrolimus levels (above 10 ng/mL).
Over-dosing of tacrolimus was previously described in patients
with infectious diarrhea [16, 17], including microsporidiosis [2].
This phenomenon is caused by the impaired function of
P-glycoprotein efflux proteins, leading to an increase in
intestinal absorption of tacrolimus between 90 and 360 min
after intake [18].

Even though fumagillin proved very effective against E. bieneusi,
its side effects and contraindications warrant caution. The
tolerance and effectiveness of fumagillin have not been
established for patients over 65 years old [19]. Likewise, serum
creatinine higher than 175 μmol/L contraindicates the use of
fumagillin, although there is apparently nothing in the
summary of characteristics of the medicinal product to justify
this point [19]. In our retrospective study, 18 fumagillin-group
patients were between 65 and 83 years old and did not develop
more adverse events than their younger counterparts [3/33 (9.1%)
for patients under 65 and 1/18 (5.6%) for patients 65 and over].
Interestingly, median serum creatinine at initiation of fumagillin
treatment was 191 [129; 278] µmol/L (maximum serum creatinine
was as high as 838 μmol/L). Thrombocytopenia was observed in
86.8% of cases after 14 days of treatment, and as previously
described by Maillard et al., severe thrombocytopenia occurred

FIGURE 3 | Graphical representation of stool negativization times
according to treatment. Times to stool negativization (censored data) were
estimated by the Kaplan-Meier method and compared between groups using
the log-rank test. MIT: modification of immunosuppressive treatment.
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more frequently in patients with an initial platelet count below
200 G/L (Supplementary Figure S1) [6].

This study has certain limitations, mainly due to its retrospective
design. Some results may be due to center-dependent effects, for
example, fumagillin co-prescribed with high-dose steroids. The
absence of systematic microsporidia follow-up (particularly at the
end of the treatment) was also a limitation to confirming stool
negativization after clinical remission, and it underscores the lack of
clear recommendations on microsporidia follow-up of patients
during the course of treatment. Such follow-up would also be
informative to evaluate whether a fumagillin treatment duration
of 14 days is necessary to achieve stool negativization in SOT
patients. This lack of microsporidia follow-up further
complexified the diagnosis of relapse: as no samples from the
initial infection and relapse were available to compare the strains,
we were unable to formally distinguish between a relapse and a new
infection event on the one hand, but also between a relapse and a
treatment failure on the other hand.

In conclusion, E. bieneusi infections in SOT recipients remain life-
threatening diseases, as all cases of acute graft rejection in our cohort
were attributed to the reduction in IS treatment required to manage
microsporidiosis. However, adaptation of IS treatment alone was as
effective as nitazoxanide treatment for the management of E. bieneusi
infection. Fumagillin was particularly effective for achieve clinical
remission and fast microsporidia clearance with minimal risk of
relapse. Moreover, no major fumagillin-related adverse events were
observed in patients over 65 years old or with serum creatinine above
175 μmol/L. The unavailability of fumagillin remains a problem for
treatment, particularly for patients for whom it is not possible to
modify IS treatment or with the most severe clinical presentation.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving humans were approved by the Comité de
Protection des Personnes Sud-Est VI, France. The studies were
conducted in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

AUTHOR CONTRIBUTIONS

Conceptualization: CG, PP, and CN; methodology: CG, PP, CL, and
CN; formal analysis: CG, CL, and CN; investigation: CG, PP, CU-C,
XI, NK, JuB, EvC, SL, LL, BA, LR,M-FD, CDa, FM, CDe, AM-S, NO,
DC,DB, AC, PG,MeR, EM, JD, ES, AS, SH, LC, CéD, CP, CL’O,VM,
LD, HK, EsC, LE, JBr, SC, SV, CT, NA, QR, MaR, JN, AB, FB, MMa,
A-PB, TC, JL, AL, AD, MN, JC, MMo, and CN; resources: CG, PP,
CU-C, XI, NK, JuB, EvC, SL, LL, BA, LR,M-FD, CDa, FM, CDe, AM-
S, NO, DC, DB, AC, PG, MeR, EM, JD, ES, AS, SH, LC, CéD, CP,
CL’O, VM, LD, HK, EsC, LE, JBr, SC, SV, CT, NA, QR,MaR, JN, AB,
FB, MMa, AP-B, TC, JL, AL, AD, MN, JC, MMo, and CN; data
curation: CG, CL, and CN; writing–original draft: CG and CN;
writing–review and editing: CG, PP, CU-C, XI, NK, JuB, EvC, SL,
LL, BA, LR, M-FD, CDa, FM, CDe, AM-S, NO, DC, DB, AC, PG,
MeR, EM, JD, ES, AS, SH, LC, CéD, CP, CL’O,VM, LD,HK, EsC, LE,
JBr, SC, SV, CT, NA, QR, MaR, JN, AB, FB, MMa, AP-B, TC, JL, AL,
AD, MN, JC, MMo, CL, and CN; visualization: CG and CN;
supervision: CG and CN; project administration: CG and CN. All
authors contributed to the article and approved the submitted version.

FUNDING

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

CONFLICT OF INTEREST

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

ACKNOWLEDGMENTS

We thank Amandine Ollier for her assistance with ethics-
compliant procedures. We thank Santé Publique France for its
support via the NRC.

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontierspartnerships.org/articles/10.3389/ti.2024.
13518/full#supplementary-material

REFERENCES

1. Han B, Pan G, Weiss LM. Microsporidiosis in Humans. Clin Microbiol Rev
(2021) 34:e0001020. doi:10.1128/CMR.00010-20

2. Dumond C, Aulagnon F, Etienne I, Heng AE, Bougnoux ME, Favennec L,
et al. Epidemiological and Clinical Study of Microsporidiosis in French
Kidney Transplant Recipients from 2005 to 2019: TRANS-SPORE
Registry. Transpl Infect Dis (2021) 23:e13708. doi:10.1111/tid.13708

3. Dumortier J, Radenne S, Kamar N, Conti F, Abergel A, Coilly A, et al.
Microsporidiosis after Liver Transplantation: A French Nationwide
Retrospective Study. Transpl Infect Dis (2021) 23:e13665. doi:10.1111/tid.13665

4. Molina JM, Tourneur M, Sarfati C, Chevret S, de Gouvello A, Gobert JG, et al.
Fumagillin Treatment of Intestinal Microsporidiosis. N Engl J Med (2002)
346(25):1963–9. doi:10.1056/NEJMoa012924

5. Molina JM, Goguel J, Sarfati C, Chastang C, Desportes-Livage I, Michiels JF,
et al. Potential Efficacy of Fumagillin in Intestinal Microsporidiosis Due to
Enterocytozoon Bieneusi in Patients With HIV Infection: Results of a Drug

Transplant International | Published by Frontiers December 2024 | Volume 37 | Article 135188

Garrouste et al. Microsporidiosis Treatment in SOT Recipients

https://www.frontierspartnerships.org/articles/10.3389/ti.2024.13518/full#supplementary-material
https://www.frontierspartnerships.org/articles/10.3389/ti.2024.13518/full#supplementary-material
https://doi.org/10.1128/CMR.00010-20
https://doi.org/10.1111/tid.13708
https://doi.org/10.1111/tid.13665
https://doi.org/10.1056/NEJMoa012924


Screening Study. The French Microsporidiosis Study Group. AIDS (1997)
11(13):1603–10. doi:10.1097/00002030-199713000-00009

6. Maillard A, Scemla A, Laffy B, Mahloul N, Molina JM. Safety and Efficacy of
Fumagillin for the Treatment of Intestinal Microsporidiosis. A French
Prospective Cohort Study. J Antimicrob Chemother (2021) 76(2):487–94.
doi:10.1093/jac/dkaa438

7. Zhou L, Guan Z, Chen C, Zhu Q, Qiu S, Liu Y, et al. The Successful Treatment
of Enterocytozoon Bieneusi Microsporidiosis With Nitazoxanide in a Patient
With B-ALL: A Case Report. Front Cell Infect Microbiol (2022) 12:1072463.
doi:10.3389/fcimb.2022.1072463

8. Saffo Z, Mirza N. Successful Treatment of Enterocytozoon Bieneusi
Gastrointestinal Infection with Nitazoxanide in a Immunocompetent
Patient. IDCases (2019) 18:e00586. doi:10.1016/j.idcr.2019.e00586

9. Pomares C, Santín M, Miegeville M, Espern A, Albano L, Marty P, et al. A New
and Highly Divergent Enterocytozoon Bieneusi Genotype Isolated From a
Renal Transplant Recipient. J ClinMicrobiol (2012) 50(6):2176–8. doi:10.1128/
JCM.06791-11

10. Bicart-Sée A, Massip P, Linas MD, Datry A. Successful Treatment With
Nitazoxanide of Enterocytozoon Bieneusi Microsporidiosis in a Patient
With AIDS. Antimicrob Agents Chemother (2000) 44(1):167–8. doi:10.1128/
AAC.44.1.167-168.2000

11. Fitzpatrick DJ, Chaudhuri A, Gardiner BJ. Nitazoxanide for Enterocytozoon
Bieneusi Intestinal Microsporidiosis. Transpl Infect Dis (2024):e14378. doi:10.
1111/tid.14378

12. Nitazoxanide. In: LiverTox: Clinical and Research Information on Drug-
Induced Liver Injury. Bethesda (MD): National Institute of Diabetes and
Digestive and Kidney Diseases (2012). Available from: http://www.ncbi.
nlm.nih.gov/books/NBK548943/ (Accessed December 19, 2023).

13. Berger SP, Sommerer C, Witzke O, Tedesco H, Chadban S, Mulgaonkar S, et al.
Two-year Outcomes in De Novo Renal Transplant Recipients Receiving
Everolimus-Facilitated Calcineurin Inhibitor Reduction Regimen from the
TRANSFORM Study. Am J Transpl (2019) 19(11):3018–34. doi:10.1111/ajt.15480

14. Panackel C, Mathew JF, Fawas NM, Jacob M. Immunosuppressive Drugs in
Liver Transplant: An Insight. J Clin Exp Hepatol (2022) 12(6):1557–71. doi:10.
1016/j.jceh.2022.06.007

15. Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG,
et al. Acute Kidney Injury Network: Report of an Initiative to Improve
Outcomes in Acute Kidney Injury. Crit Care (2007) 11(2):R31. doi:10.
1186/cc5713

16. Nakamura A, Amada N, Haga I, Tokodai K, Kashiwadate T. Effects of Elevated
Tacrolimus Trough Levels in Association With Infectious Enteritis on Graft
Function in Renal Transplant Recipients. Transpl Proc (2014) 46(2):592–4.
doi:10.1016/j.transproceed.2013.11.040

17. Bonatti H, Barroso LF, Sawyer RG, Kotton CN, Sifri CD. Cryptosporidium
Enteritis in Solid Organ Transplant Recipients: Multicenter Retrospective
Evaluation of 10 Cases Reveals an Association With Elevated Tacrolimus
Concentrations. Transpl Infect Dis (2012) 14(6):635–48. doi:10.1111/j.1399-
3062.2012.00719.x

18. Lemahieu W, Maes B, Verbeke K, Rutgeerts P, Geboes K, Vanrenterghem
Y. Cytochrome P450 3A4 and P-Glycoprotein Activity and
Assimilation of Tacrolimus in Transplant Patients With Persistent
Diarrhea. Am J Transpl (2005) 5(6):1383–91. doi:10.1111/j.1600-6143.
2005.00844.x

19. Résumé des Caractéristiques du Produit Flisint. (2024). Available from: http://
agence -prd .ansm.san te . f r /php/ecodex / r cp /R0271462 .h tm? tk=
66730d82444338dfb7cc51de52338866. (Accessed February 6, 2024).

Copyright © 2024 Garrouste, Poirier, Uro-Coste, Iriart, Kamar, Bonhomme, Calvar,
Le Gal, Lanfranco, Autier, Rakoff, Durieux, Danthu, Morio, Deltombe, Moreno-
Sabater, Ouali, Costa, Bertrand, Chesnay, Gatault, Rabodonirina, Morelon,
Dumortier, Sitterlé, Scemla, Hamane, Cachera, Damiani, Poulain, L’Ollivier,
Moal, Delhaes, Kaminski, Cateau, Ecotière, Brunet, Caillard, Valot, Tinel, Argy,
Raimbourg, Robert, Noble, Boignard, Botterel, Matignon, Bellanger, Crépin, Leroy,
Lionet, Debourgogne, Nicolas, Claudéon, Moniot, Lambert and Nourrisson. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Transplant International | Published by Frontiers December 2024 | Volume 37 | Article 135189

Garrouste et al. Microsporidiosis Treatment in SOT Recipients

https://doi.org/10.1097/00002030-199713000-00009
https://doi.org/10.1093/jac/dkaa438
https://doi.org/10.3389/fcimb.2022.1072463
https://doi.org/10.1016/j.idcr.2019.e00586
https://doi.org/10.1128/JCM.06791-11
https://doi.org/10.1128/JCM.06791-11
https://doi.org/10.1128/AAC.44.1.167-168.2000
https://doi.org/10.1128/AAC.44.1.167-168.2000
https://doi.org/10.1111/tid.14378
https://doi.org/10.1111/tid.14378
http://www.ncbi.nlm.nih.gov/books/NBK548943/
http://www.ncbi.nlm.nih.gov/books/NBK548943/
https://doi.org/10.1111/ajt.15480
https://doi.org/10.1016/j.jceh.2022.06.007
https://doi.org/10.1016/j.jceh.2022.06.007
https://doi.org/10.1186/cc5713
https://doi.org/10.1186/cc5713
https://doi.org/10.1016/j.transproceed.2013.11.040
https://doi.org/10.1111/j.1399-3062.2012.00719.x
https://doi.org/10.1111/j.1399-3062.2012.00719.x
https://doi.org/10.1111/j.1600-6143.2005.00844.x
https://doi.org/10.1111/j.1600-6143.2005.00844.x
http://agence-prd.ansm.sante.fr/php/ecodex/rcp/R0271462.htm?tk=66730d82444338dfb7cc51de52338866
http://agence-prd.ansm.sante.fr/php/ecodex/rcp/R0271462.htm?tk=66730d82444338dfb7cc51de52338866
http://agence-prd.ansm.sante.fr/php/ecodex/rcp/R0271462.htm?tk=66730d82444338dfb7cc51de52338866
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Fumagillin Shortage: How to Treat Enterocytozoon bieneusi Microsporidiosis in Solid Organ Transplant Recipients in 2024?
	Introduction
	Patients and Methods
	Ethical Statement
	Study Population
	Definitions of Groups
	Statistical Analysis

	Results
	Study Population
	Clinical and Biological Presentation at Microsporidiosis Diagnosis
	Therapeutic Management
	Safety and Treatment Interactions
	Follow-Up and Outcome
	Graft and Patient Survival

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Conflict of Interest
	Acknowledgments
	Supplementary Material
	References


