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A B S T R A C T

The protozoan Cryptosporidium affects the digestive tract of humans and animals. Cryptosporidiosis leads
to diarrhoea mimicking a cholera-like course with dehydration and may even result in death in
immunodeficient patients, as patients with hyper-IgM syndrome. We describe a rare case of
disseminated Cryptosporidium infection in a seven- year-old boy with CD40 L deficiency. During the
pre-graft phase, the patient presented an intestinal cryptosporidiosis which became complicated few
days later during the aplasia period with a cholangitis and pulmonary cryptosporidiosis. Cryptosporidium
hominis was identified. After treatment with nitazoxanide and azithromycine the patient was doing well.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Cryptosporidiosis is an infection caused by the protozoan
Cryptosporidium that affects the digestive tract of humans and
animals. Nearly 20 species and genotypes have been reported in
humans, of which C. hominis and C. parvum represent the vast
majority of cases around the world [1]. These obligate pathogens
infects the small intestinal epithelium, causing acute gastroenteri-
tis, abdominal pain, and persistent diarrhea [2]. Transmission
primarily occurs via the fecal–oral route, by ingesting viable
oocysts, emitted in the faeces of animal or human origin, and
which contaminate food or water [3]. Although healthy individuals
may acquire infection, immunosuppressed patients such as those
infected with the human immunodeficiency virus, bone marrow or
solid organ transplantation recipients or primary immunodeficient
patients, are at increased risk of developing more severe long-
lasting and disseminated disease [4,5].

The hyper-immunoglobulin M (HIGM) syndrome is a heteroge-
neous group of primary immune deficiency disorders character-
ised by the failure of immunoglobulin class switching in B-cells
resulting in considerable deficiency of immunoglobulins (Ig) G,
IgA, or IgE and a normal or elevated serum IgM level. X-linked
HIGM is caused by defects in the CD40 ligand (CD40 L), a molecule
predominantly expressed by activated CD4+ T-lymphocytes. Loss
of interaction between CD40 L and its ligand CD40 (constitutively
expressed by B-lymphocytes and monocytes) results in the

impairment of terminal B-lymphocyte differentiation [6]. This
leads to increased susceptibility to bacterial and intracellular
pathogens. More particularly, it has been reported that male
infants with primary or acquired immunodeficiency (including
HIGM) are at a significant risk of infection with Cryptosporidium
spp., i.e. cryptosporidiosis [7,8].

The gold standard techniques for the diagnosis of cryptospo-
ridiosis is based on the detection of the Cryptosporidium oocysts in
stool samples. The use of molecular methods has led to significant
improvements in diagnosis with better detection sensitivity and
characterisation at the level of species, genotypes, or subtypes of
Cryptosporidium spp. [9]. Dissemination from the intestinal gut is
rare and sparsly described in the literature. But Cryptosporidium
spp. is able to spread from the digestive tract to the bile ducts,
where it is responsible for cholangitis, and the lungs. In this report,
we describe a disseminated Cryptosporidium infection in an infant
with CD40 L deficiency (Fig. 1).

Case report

A seven-year-old boy, originating from Algeria, was admitted to
the pediatric hematology department at the La Timone University
Hospital in Marseille France, with a chronic cough and reccurent
diarrhea. He was born to non-consanguineous parents and all
sibling were healthy. Regarding his medical history, in very early
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childhood, the boy has exhibited recurrent infections which were
presumed to be a primary immune deficiency. Serum IgG and IgA
level were significantly reduced (IgG = 4,8 g/L ; cut off = 572 – 1474
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/L and IgA = <0,5 g/L ; cut off = 034 – 305 g/L), and IgM was normal
IgM = 168 g/L; cut off = 031 – 208). Immunophenotyping of
ymphocytic subpopulations revealed the absence of CD40 L
xpression on CD4+ T-lymphocytes; CD40 expression on B-
ymphocytes was normal. The definitive diagnosis was a hyper-
gM syndrome with CD40 L deficiency. A prophylactic treatment
ith antibiotics and immunoglobulin supplementation to prevent
pportunistic infections was introduced. A curative treatment
ased on allo stem cell transplant (SCT) was initiated at the La
imone Hospital in November 2019 in the pediatric hematology
epartment.
During hospitalisation, the child presented profuse diarrhoea

nd cough. The involvement of intestinal and pulmonary
athogens was investigate using syndromic molecular tools (Film
rray 1 GI (Gastrointestinal) Panel), which revealed the presence
f Cryptosporidium spp. Real-time polymerase chain reaction (Real-
ime PCR) tests, targetting the 18S rRNA gene, succesfully
iagnosed Cryptosporidium hominis infection in three stool
amples over a period of 15 days [10]. A specific treatment was
nitiated involving nitazoxanide (200 mg twice a day) and
zithromycine (400 mg, three times a week). Exploration of the
hronic cough identified multiple respiratory pathogens including
hinovirus, Cytomegalovirus, Haemophilus influenzae, Candida
labrata and Geotrichum capitatum. Clinical examination of the
ungs, revealed chronic congestion and diffuse crackles, and a
omodensitometry scan showed a diffuse bronchial parietal
hickening, leading to the conclusion of diffuse bronchial
yndrome with ventilation problems.
During the pre-graft evaluation, laboratory investigations

eported mildly abnormal elevated liver enzymes: alanine
minotransferase 87 U/L (cut off <50 U/L) and aspartate
minotransferase 65 U/L (cut-off < 50 U/L). The abdomino-pelvic
ltrasound showed a global dilation of the bile ducts with

account both the positive stool and respiratory samples, diagnosis
of disseminated cryptosporidiosis was retained. Nitazoxanide was
reintroduced ten days later. With the exeption of hemorrhagic
cystitis as a post-transplant complication, the patient’s clinical
condition improved and Cryptosporidium was not detected in stool
and respiratory samples two months later.

The DNA extracts of stool and respiratory samples were sent to
the University Hospital of Dijon as the collaborating laboratory of
the National Reference Center - Laboratory Expert (CNR LE) for
Cryptosporidioses (Rouen, France) for species determination and
sub-typing. Identification of Cryptosporidium hominis subtype Ib
A10 G2 was confirmed in both specimens [11].

Conclusion

Cryptosporidiosis causes asymptomatic or with limited diar-
rhoea infections in immunocompetent persons. However this
parasitic infection can lead to diarrhoea that follows a cholera-like
course with dehydration and may even result in death in
immunodeficient patients. The vast majority of human cases of
cryptosporidiosis worldwide are caused by two species, namely C.
parvum and C. hominis which differ in host specificity. C. hominis is
reported almost exclusively in humans, while C. parvum has a
wider potential zoonotic range [9].

Cryptosporidium infections are well described in patients with
hyper-IgM syndrome. CD40 L deficiency (X-linked hyper-IgM
syndrome type 1) results indeed in altered costimulatory T-
lymphocyte function, which impairs B-lymphocyte isotype switch-
ing, antibody production and dendritic cell signaling, probably
increasing susceptibility to opportunistic infections such as
cryptosporidiosis. Recurrent or protracted diarrhoea are the most
frequent gastrointestinal complications in HIGM patients, occur-
ring in up to 30 % of patients [12]. In an update of the clinical

Fig. 1. Timeline of disseminated cryptosporidiosis.
holangitis. Cholangitis has been imputed to Cryptosporidium
ominis. After 10 days of conditioning with immunosuppressive
herapy, the patient received allo SCT. During the period of aplasia,
itazoxanide was stopped due to of oral mucositis. A few days later,
ryptosporidium hominis was also isolated in respiratory samples
rom the nasopharyngeal swab sample and sputum. Taking into
2

presentation for 145 HIGM patients from North America, Leven et
al. [13] reported gastroenteritis in 20 % of patients and
Cryptosporidium spp. was the causal agent for 6 % of them. In
addition, in a retrospective analysis of 38 European patients
undergoing HSCT for CD40 L deficiency in eight European countries
between 1993 and 2002, Gennery et al. [14] described the
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occurrence of severe Cryptosporidium infection in six patients, all of
them dying during the follow up period. Chronic infections with
Cryptosporidium spp. are thought to contribute to sclerosing
cholangitis and subsequent malignant transformation. Liver
disease is a serious complication of HIGM, being observed in
more than 80 % of affected males by the age of 20, which may
decrease with adequate screening and treatment of Cryptosporidi-
um infection [15]. Interestingly, while C. parvum is the most
frequent species reported in HIGM patients suffering from
cryptosporidiosis [16], C. hominis was the causative agent
identified in stool and respiratory samples in our case report.

Extra intestinal disseminated cryptosporidiosis is rarely
observed in immunodeficient patients. Indeed, a limited
number of case reports and cases series documenting respira-
tory tract infections are available. In addition, most of them
were published in the 1990s, especially in people living with HIV
[17]. To our knowledge, only two cases have reported
disseminated Cryptosporidium spp. infections in infants suffering
HIGM caused by CD40 L deficiency [18,19]. These young patients
presented with severe respiratory infections associated with
chronic diarrhea. In this case, we hypothesise that the initial
infection occurred in the patient firstly in the digestive tract, with
subsequent spread to the respiratory tract either by a fecal-oral
route or through hematogenous dissemination. Indeed, the
possible routes for disseminated cryptosporidiosis originating
from the intestinal tract still remains unclear. Finally the presence
of Cryptosporidium spp. in respiratory samples may serve as an
viable alternative for parasite propagation, participating in
maintaining intestinal pathology, and potential transmission to
other individuals. Some cases lacking evidence of gastrointestinal
involvement have hinted at the possibility of transmission of
cryptosporidiosis via the inhalation of oocytes [20]. It therefore
seems important to investigate the pulmonary localisation of
Cryptosporidium spp. to avoid person-to-person respiratory
transmission of cryptosporidiosis in immunosuppressed individ-
uals, especially in medical care units. The systematic detection in
respiratory syndromic molecular panels targeting immunosup-
pressed patients could, therefore, be considered in order to
establish further guidelines for the prevention of cryptosporidio-
sis. The diagnosis may be established through detection of
Cryptosporidium spp. in various upper or lower respiratory
specimens from bronchoalveolar lavages, sputa and bronchial
biopsies. In this case, the child presented with a chronic cough for
three months. Retrospective analysis of repetitive sampling of
sputa following the primo-diagnosis of intestinal cryptosporidio-
sis showed the presence of Cryptosporidium hominis in the
respiratory tract up to one month after the initial diagnosis.

It is not clear wether the co-localisation of Cryptosporidium spp.
in both pulmonary and gastro-intestinal compartments can
worsen outcomes as compared to an exclusive gastro-intestinal
infection. Palmieri et al. described a pulmonary cryptosporidiosis
in a patient living with HIV who was successfully treated with
paromomycin and azithromycin [19]. The authors highlighted the
fact that favourable outcomes were linked to an effective immune
response recontitution. The first line treatment for our patient was
the assocation of azithromycin and nitazoxanide, as recommended
in the literature [21]. Nitazoxanide was prematurally stopped due
to oral mucositis. Fortunately reconstitution of the immunity
began 10 days later, conconmitantly with the re-introduction of
nitazoxanide and azithromycin. Thereafter the clinical status of the
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