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A case of septic shock due to delayed i

diagnosis of Cryptosporidium infection after liver
transplantation
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Abstract

Background Cryptosporidium is recognized as a significant pathogen of diarrhea disease in immunocompromised
hosts, and studies have shown that Cryptosporidium infection is high in solid organ transplantation (SOT) patients and
often has serious consequences. Because of the lack of specificity of diarrheasymptoms cased by Cryptosporidium
infection, it is rarely reported in patients undergoing liver transplantation (LT). It frequently delays diagnosis, coming
with severe consequences. In clinical work, diagnosing Cryptosporidium infection in LT patients is also complex but
single, and the corresponding anti-infective treatment regimen has not yet been standardized. A rare case of septic
shock due to a delayed diagnosis of Cryptosporidium infection after LT and relevant literature are discussed in the
passage.

Case presentation A patient who had received LT for two years was admitted to the hospital with diarrhea more
than 20 days after eating an unclean diet. After failing treatment at a local hospital, he was admitted to Intensive Care
Unit after going into septic shock. The patient presented hypovolemia due to diarrhea, which progressed to septic
shock. The patient’s sepsis shock was controlled after receiving multiple antibiotic combinations and fluid resus-
citation. However, the persistent diarrhea, as the culprit of the patient’s electrolyte disturbance, hypovolemia, and
malnutrition, was unsolved. The causative agent of diarrhea, Cryptosporidium infection, was identified by colonoscopy,
faecal antacid staining, and blood high-throughput sequencing (NGS). The patient was treated by reducing immuno-
suppression and Nitazoxanide (NTZ), which proved effective in this case.

Conclusion When LT patients present with diarrhea, clinicians should consider the possibility of Cryptosporidium
infection, in addition to screening for conventional pathogens. Tests such as colonoscopy, stool antacid staining

and blood NGS sequencing can help diagnose and treat of Cryptosporidium infection early and avoid serious conse-
quences of delayed diagnosis. In treating Cryptosporidium infection in LT patients, the focus should be on the patient’s
immunosuppressive therapy, striking a balance between anti-immunorejection and anti-infection should be sought.
Based on practical experience, NTZ therapy in combination with controlled CD4 +T cells at 100-300/mm? was highly
effective against Cryptosporidium without inducing immunorejection.
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Background

Cryptosporidium is a parasite transmitted directly by
water, soil, and food contaminated with Cryptosporidium
[1]. It has been recognized as a significant pathogen of
diarrhea in immunocompromised hosts [2]. The symp-
toms of watery diarrhea result from Cryptosporidium
infecting the microvilli layer of intestinal epithelial cells
in humans and animals, causing sodium malabsorption,
chloride secretion, and increased intestinal permeabil-
ity in the host intestinal [3]. diarrhea caused by Crypto-
sporidium infection is self-limiting, lasting from just a few
days to 14 days in immunocompetent patients. However,
immunocompromised patients often manifest profuse
and prolonged watery diarrhea, sometimes accompanied
by nausea, vomiting, abdominal pain and fever [2, 4]. It
has been shown that Cryptosporidium infection is high in
solid organ transplantation (SOT) patients and often has
serious consequences [1-3, 5-7].

With advances in surgical techniques and improved
immunosuppression protocols, the overall survival rate
of liver transplantation (LT) patients has improved con-
siderably. Still, post-transplant infection remains the
leading cause of death in LT patients [8]. Diarrhea is a
common problem in LT patients, and results of previous
studies indicate a 20-50% prevalence of diarrhea in SOT
patients [9]. Usually, physicians attribute the cause of
diarrhea in SOT patients to the administrating of immu-
nosuppressive drugs and common bacterial and viral
infections, rarely considering conditional pathogenic
microbial infections such as Cryptosporidium [5]. How-
ever, in actual studies, it has been found that a large pro-
portion of diarrhea in patients undergoing LT is caused
by Cryptosporidium [6, 7, 9, 10]. The severe lack of vigi-
lance and awareness of Cryptosporidium infection has
led to a delay diagnosing diarrhea due to Cryptosporid-
ium infection in LT patients and has often resulted in
grave consequences such as immunorejection and shock
[1-3, 5-7]. In treating Cryptosporidium infection in LT
patients, the only approved anti-Cryptosporidium drug,
Nitazoxanide (NTZ), is not recommended in immuno-
deficient and immune-rejection patient populations.
Making Cryptosporidium-induced diarrhea a severe and
under-recognized cause of diarrhea in liver patients and
associated with high mortality [11-13]. Cryptosporid-
ium infection in adult LT patients is rarely reported and
causes more symptoms and more severe consequences
in LT patients than in patients with more reported renal
transplantation combined with Cryptosporidium infec-
tion [1, 2, 5-7, 10, 11, 14].

As we know that, there are no previous detailed case
reports on the characteristics of the disease and the
course of treatment following Cryptosporidium infection
in LT patients. We describe a LT patient whose delayed
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diagnosis of Cryptosporidium infection led to severe con-
sequences. He presented with watery diarrhea as the first
manifestation and, after unsuccessful treatment at other
hospitals, developed septic shock from the prolonged
diarrhea with respiratory distress and impaired liver and
renal function. Eventually, the patient was diagnosed with
Cryptosporidium infection and his symptoms improved
after receiving immunosuppressive adjustment and anti-
Cryptosporidium treatment.

Case presentation

A 55-year-old man, who received LT two years ago,
developed diarrhea after an unclean diet 20 days ago and
had difficulty breathing for five days. The patient’s his-
tory included LT for cirrhosis two years ago and postop-
erative use of tacrolimus (2 tablets bid), Mycophenolate
Mofetil (3 tablets bid), and sirolimus (1 tablet qd) to con-
trol immune-rejection with good results. The patient had
recurrent diarrhea 20 days ago after an unclean diet, with
symptoms of loose yellow stools with mucus 6-8 times a
day, and did not improve after taking "berberine hydro-
chloride". Ten days ago, the patient’s symptoms wors-
ened, and he relieved dark green stools more than ten
times a day, and gradually developed symptoms such as
thirst, profoundly sunken eye sockets, palpitations and
dyspnea. The patient’s examination at the local hospital
showed a white blood cell (WBC) count of 15. 61 x 10°/L,
a significant decrease in potassium ions (2. 45 mmol/L),
and a significant increase in creatinine level (337
umol/L). As a result, the local hospital discontinued the
patient’s immunosuppressive drugs and treated diarrhea
and intestinal infections with Meropenem and Montmo-
rillonite, but the results were poor. Because the patient
developed symptoms such as dyspnea and oliguria, he
was diagnosed with septic shock. However, after treat-
ment with a ventilator and Continuous Renal Replace-
ment Therapy (CRRT), diarrhea and infection were not
effectively controlled, and the symptoms worsened. As a
result, the patient was transferred to the Department of
Intensive Care Unit of West China Hospital.

The patient was admitted with ventilator-assisted ven-
tilation. A femoral vein placement tube for CRRT used
outside the hospital was found at the root of the thigh.
Patient’s general condition on admission (Table 1): tem-
perature 38. 4 °C; pulse 130 beats/min; respiratory rate:
18 breaths/min; blood pressure 100/67 mmHg (on nor-
epinephrine 0. 4ug/kg/min). The patient had a small
number of wet rales on lung auscultation, an oxygena-
tion index (PO2/FIO2) of approximately 110, and no
significant abnormalities on abdominal examination.
The patient’s laboratory findings showed a significant
systemic inflammatory response, renal impairment and
immunosuppressive state. Inflammatory indexes: white
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Table 1 The patient’s vital signs and laboratory data during representative hospital days

Reference  Hospital

7 10 15 18 20 22 24
range day
Blood pressure(mmHg) / 100/67  142/70  141/77 122/57 120/62 143/81 157/79 130/69  118/63
Pulse rate (beats/min) / 130 110 116 120 93 99 92 90 97
Basic signs Respiratory rate (breath/min) / 18 16 26 16 30 20 18 19 18
Body temperature(°C) / 384 38 382 39.7 375 383 378 375 37
Oxygenation index (PO2/FIO2) 300-500 109 289 203 274 268 223 325 340 387
In/Out Total fluid intake (ml) / 3176 4683 3446 2997 4470 4186 3126 3079 2851
Urine output (ml) / 2280 2100 2640 3405 1640 293 255 2240 2870
Stool volume (ml) / 850 1300 3420 1000 400 0 770 900 220
Inflammatory White blood cells  (1079/1) 3.5-9.5 19.21 8.39 8.37 4.83 6.67 25.52 13.14 12.58 7.25
index Neutrophil ratio (%) 40-75 92.7 737 76.7 76.2 80.2 812 73 75.3 736
Procalcitonin(ng/l) <0. 046 332 271 2.76 271 594 1.02 115 0.58 0.44
C-reactive protein (mg/l) (&) 190 108 221 116 30.9 234 324 20.1 183
interleukin- 6(pg/ml) 0-7 336 92 213 183 311 203 155 13.7 89
Immune function  Lymphocytes (1079/1) 1.1-3.2 0.45 158 0.93 0.92 111 0.92 291 198 161
Aspartate aminotransferase(iu/Il) <35 17 156 257 64 61 283 46 23 29
Alanine aminotransferase(iu/l) <42 19 43 69 26 72 55 49 25 16
Total Bilirubin (umol/I) 3.4-20.5 83 6.3 18 32.8 125 56.3 123 113 111
Direct Bilirubin (umol/l) 0-6.8 33 3 143 265 9.9 47.6 86 6.2 8.7
Indirect Bilirubin (umol/I) 0-12 5 33 3.7 6.3 26 8.7 3.7 51 24
Albumin(g/I) 40-55 311 284 30.8 281 336 342 35.6 354 36.3
Biochemical y-Glutamyltransferase(iu/l) <45 61 187 330 280 550 1222 822 318 257
examination Alkaline phosphatase(iu/l) 50-135 74 209 281 206 295 644 417 228 215
Creatinine(umol/l) 49-88 170 141 196 229 156 130 110 135 125
Potassium (mmol/l) 3.5-5.3 523 471 4.04 3.95 4.05 4.28 4.98 4.16 4.23
Glomerular Filtration Rate ,
(ml/min/1.7) / 38.26 47.97 22.89 26 20.93 52.92 64.31 50.2 55.1

blood cell count 19. 21 x 10°/L; neutrophil ratio 92. 7%;
CRP: 190 mg/L; interleukin 6: 336 pg/L, PCT: 3. 32 ng/L;
abnormal biochemical indexes: creatinine 170umol/L;
potassium: 5. 23 mmol/L; immune function: lymphocyte
count: 0. 45 x 10°/L. The patient’s abdominal CT sug-
gested a high amount of colorectal gas stool and a dilated
bowel.

Based on the patient’s admission examination and the
external medical records, we initially determined that
the patient was in septic shock caused by infectious
diarrhea with abdominal and pulmonary infections and
multiorgan functional impairment. The patient was then
admitted to our hospital and immediately given imipe-
nem cystatin 1 g q8h and voriconazole 0. 2 g q12h for
anti-infection. The patient’s immunosuppressive drugs
continued to be stopped. The patient’s routine stool test
was sent to identify the pathogen causing the diarrhea,
but no meaningful results were obtained. On the second
day, the patient’s blood culture suggested Gram-positive
coccus infection and chest CT suggested fungal infec-
tion. We added amphotericin B 10 mg bid and tigecycline
100 mg q12h to strengthen the anti-infection. By day 5,
the patient’s temperature peak was gradually reduced,
and the oxygenation index rose to approximately 300. We
reduced the dose of paroxysmal sedative medication dis-
continue the ventilator and transfer it out of the inten-
sive care unit. As the patient’s lymphocyte count rose to
1. 58 x 10°/L, we reintroduced him to Mycophenolate
Mofetil 500 mg bid to suppress the patient’s immune
function.

On day 7, the patient again developed massive watery
diarrhea and unstable blood pressure, a decrease in oxy-
genation index(PO2/FIO2) to 200, increased inflam-
matory markers, and abnormal liver function. We
considered a drug-related liver injury and parasite-asso-
ciated diarrhea. So we stopped the patient’s enteral nutri-
tion, added antidiarrhea (minocycline hydrochloride)
and hepatoprotective drugs (polyene phosphatidylcho-
line) and adjusted the antibiotic regimen to ceftazidime
avibactam (2. 5 g ql2h), amantadine (1000 mg q8h),
voriconazole (0. 1 g q12h) and mucilage sulfate (750,
000u q12h). To clarify the aetiology of the patient’s diar-
rhea, we performed a gastroscopy on day 8. The ste-
reoscopic presentation was (Fig. 1): segmental mucosal
changes in the cecum department and ascending colon,
suspicious of specific infections. Because the patient’s
multiple stool tests were negative, we considered atypi-
cal pathogenic infections. Therefore, we stained the
patient’s stool specimen with antacid and performed
high-throughput sequencing (NGS) on the blood speci-
men. After two days, a large number of Cryptosporidium
was detected in the patient’s stool (Fig. 2). NGS detec-
tion of Cryptosporidium parvum sequence number 33
with the specific information that NGS detection covers
a total length of 2951 (bp) on the genome with coverage
of 0. 0332% and an average depth of 1. 00X, suggesting
the presence of large amounts of Cryptosporidium in the
blood of this patients (Fig. 3). Furthermore, we immedi-
ately discontinued Mycophenolate Mofetil and looked
for an anti-Cryptosporidium infection treatment option.
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Fig. 1 The stereoscopic presentation was segmental mucosal changes in the cecum department and ascending colon, suspicious of specific

infections

According to previous reports, Cryptosporidium infec-
tion is frequently seen in children with primary immuno-
deficiency. Cryptosporidium infection causes symptoms
such as sclerosing cholangitis and pulmonary Crypto-
sporidium infection in children with immunodeficiency.
There was a high degree of similarity to the present case
regarding both symptoms and findings. In a case report
of a CD40L-deficient infant diagnosed with Crypto-
sporidium infection, after treatment with nitazoxanide
and azithromycine, the patient was doing well, this report

f - ,...‘,n“ il
Fig. 2 In the patient’s modified antacid-stained stool specimen, the Cryptosporidium oocysts were rose-red with a blue-green background, the
ascospores within the capsule were irregularly arranged, and the residual bodies were brown granular(x 100)

served as an important reminder for our treatment, and
we immediately reviewed the instructions for NTZ [15,
16]. NTZ is the only approved anti-Cryptosporidium
drug on the market. Because NTZ is not recommended
in the instructions for use in an immunodeficient popu-
lation, we used an anti-Cryptosporidium regimen of oral
azithromycin (1000 mg tid) and alliin (500 mg tid). Five
days after that, the patient showed a slight improvement
in diarrhea, but liver and kidney function continued
to deteriorate, and we administered continuous CRRT.
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Fig. 3 NGS detection of Cryptosporidium parvum

On day 18, as the patient’s glutamyl transpeptidase and
alkaline phosphatase continued to rise, we considered
Cryptosporidium retrograde biliary infection. To prevent
the development of sclerosing cholangitis and immu-
norejection, we changed the anti-Cryptosporidium infec-
tion regimen to NTZ (500 mg tid) and allicin (500 mg
tid) while continuously monitoring the patient’s immune
function and using cyclosporine to suppress immune
function if necessary to keep CD4+T cells were con-
trolled at 100-300/mm?. The treatment plan had a good
effect. The number of diarrhea gradually decreased, liver
and kidney function gradually recovered, CRRT was
stopped on day 22, and the patient was taken off the ven-
tilator on day 23. On days 24 and 25, the patient under-
went faecal antacid staining, and no Cryptosporidium
was found. On day 28, the patient was transferred to
the general ward and recovered well with his family. As
the patient’s renal function is severely compromised, we
recommend that patients regularly review their renal
function and pay attention to preventing infection from
avoiding progression to the stage of renal failure.

Discussion and conclusion

Cryptosporidium was first observed and reported by
Ernest Edward Tyzzer in 1907, and the first report on
human cryptosporidiosis was made in 1976. Since then,
Cryptosporidium infections have been increasingly
reported in children and immunocompromised patients,
and there has been a growing recognition of Crypto-
sporidium as a seriously harmful diarrhea pathogen [17].

As the number of organ transplants skyrocketed, Crypto-
sporidium has again become an important pathogen that
endangers the lives of SOT patients [3-14, 18, 11, 19, 20].
Common causes of Cryptosporidium infection in patients
receiving immunosuppressive therapy after LT include
an unclean diet, swallowing water while swimming, and
lack of hand hygiene after touching pets. A high tempera-
ture and high humidity living environment also could be
a high-risk factor for Cryptosporidium infection [2, 18].
Cryptosporidium infection in LT patients is characterized
by:1. Watery Diarrhea lasting more than two weeks with
poor response to antibiotic therapy, usually accompa-
nied by vomiting, anorexia, crampy abdominal pain, and
low-grade fever. 2. Extra-intestinal symptoms:increasing
immune-rejection of the transplanted liver, increas-
ing transaminases, symptoms associated with scleros-
ing cholangitis. 3. Cryptosporidium may not be detected
in a patient’s stool culture, but a typical inflamma-
tory response can be seen by colonoscopy [2, 8, 11, 19].
Cryptosporidium infection causes prolonged and massive
diarrhea in LT patients, increasing the likelihood of sec-
ondary infection, and liver and kidney impairment due to
wasting, low sodium, and dehydration resulting in high
tacrolimus concentrations [5, 8, 9, 20, 21]. We suggest
that patients and clinicians should enhance their ability
to recognize diarrhea in LT patients, in view of the high
risk and low early recognition of Cryptosporidium infec-
tion in LT patients.

Diagnosis of Cryptosporidium infection in LT patients
requires a three-pronged approach of history taking,
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symptomatology, and pathogenic examination. In this
case, the patient’s watery diarrhea dozens of times a day
made us think of a bacterial infection. However, no com-
mon pathogenic bacteria were found in the routine stool
examination, which could be a reason why the primary
hospital underestimated the severity of the infection and
delayed the diagnosis of Cryptosporidium infection and
thus did not treat the patient aggressively. After admis-
sion to our department, as the patient’s diarrhea symp-
toms fluctuated with the dose of immunosuppressive
drugs, we supposed that the patient’s symptoms might be
associated with immune status. We further questioned
the patient’s family about the patient’s medical history
and learned that the patient had eaten insufficiently
cooked meat prior to before becoming ill. Combined with
the typical inflammatory reaction found by colonoscopy,
we speculated the possibility of atypical parasitic infec-
tion. Furthermore, we found Cryptosporidium oocysts
in fecal antacid staining and Cryptosporidium DNA frag-
ments in blood NGS, which assured us of the diagnosis
of Cryptosporidium. After effective anti-Cryptosporid-
ium treatment, the patient’s diarrhea symptoms were
resolved, while the renal impairment due to septic shock
forced the patient to undergo regular Renal Examination.
For LT patients presenting with diarrhea, examination.
Clinicians should simultaneously consider the possibility
of Cryptosporidium infection during standard pathogens
screening. Tests such as colonoscopy, fecal antacid stain-
ing and blood NGS sequencing can help to identify and
treat Cryptosporidium infection early and avoid severe
consequences due to delayed diagnosis [14, 18, 11, 19-23,
13, 24, 25].

Treating Cryptosporidium infection in LT patients,
as the reported case, requires careful consideration
by physicians. NTZ is the only available drug to treat
Cryptosporidium that acts against Cryptosporidium by
inhibiting pyruvate-ferric oxidoreductase activity and
enhancing the body’s immune response [2, 12, 22]. In
experimental studies, it showed that gastrointestinal
clearance of Cryptosporidium is dependent on CD4+ T
cell-mediated immunity and interleukin-12-mediated
production of interferon-gamma. NTZ resistance to
Cryptosporidium also relies on normal organismal
immune responses. Therefore, adjustment of immu-
nosuppressive regimens needs to be considered first
in the treatment of Cryptosporidium infection in LT
patients, and reducing immunosuppression is first rec-
ommended [12-14, 18]. In previous trials, LT patients on
cyclosporine were less likely to be infected with Crypto-
sporidium and develop graft dysfunction than patients
on tacrolimus, so we discontinued the patient’s immu-
nosuppressive tacrolimus and used cyclosporine only
when necessary [20, 23]. In a randomized study of NTZ
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in HIV-infected patients with cryptosporidiosis, the
investigators observed an excellent response to NTZ in
patients with CD4+ T cell counts > 50/mm?®. As a result,
we test the patients regularly for lymphocyte sorting
counts and control cyclosporine dosage to control the
patient’s CD4 + T cells at 100-300/mm? to achieve a state
in which the organism responds well to Cryptosporidium
but does not cause serious immune-rejection [20, 23,
13]. Among other possible treatment options for Crypto-
sporidium in LT patients, macrolides such as rifabutin
and azithromycin have been shown to reduce Crypto-
sporidium infection potentially. In addition, oral bovine
immunoglobulin (hyperimmune colostrum) appears to
be a viable alternative treatment [24, 25]. Currently, fewer
drugs are available for treating Cryptosporidium infec-
tion in LT patients, and drugs under development, such
as calcium-dependent protein kinases, microtubule for-
mation inhibitors, hexokinase, lactate dehydrogenase,
inosine-5-monophosphate dehydrogenase and fatty acyl-
coenzyme a binding inhibitors and anti-parasite vaccines,
offer great hope for our future control of this disease [26,
27].

In conclusion, we report the case of septic shock due
to delayed diagnosis of Cryptosporidium infection after
LT. It involves the characteristics of Cryptosporidium
of the patient and the treatment plan in terms of dis-
ease changes, examination results and treatment plan
adjustments at the stage of the disease, and the patient’s
prognosis and regression. We emphasize that Crypto-
sporidium infection has become a serious but neglected
factor affecting the survival and quality of life of LT
patients in practice, and the resulting delay in diagnosis
often leads to severe consequences. Cryptosporidium
screening should be routinely performed to identify and
treat Cryptosporidium infection early when receiving LT
patients with diarrhea [3-14]. In treating Cryptosporid-
ium infection in LT patients, clinicians should focus
heavily on the immunosuppressive treatment of patients
to find a balance between anti-immunorejection and
anti-infection [10-14, 18, 11, 19-23, 13, 24-26]

Abbreviations

SOT Solid organ transplantation

LT Liver transplantation

cT Computed tomography

NGS High-throughput sequencing
NTZ Nitazoxanide

CRRT Continuous renal replacement therapy
HIV Human immunodeficiency virus
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PCT Procalcitonin

Pa0O2 Partial pressure of oxygen

FiO2 Fraction of inspired oxygen



Tie et al. BMC Infectious Diseases (2023) 23:260

Acknowledgements
The authors wish to thank the following contributors: Yuling Li

Authors’ contributions

XT takes responsibility for drafting the manuscript. JMX is the attending
doctors of this patient. RZ is responsible for Microbiological results. ZWZ, YL
and WHY are responsible for revision of the manuscript. All authors read and
approved the final manuscript.

Authors’ information

Xin Tie is a resident physicians-in-training, Wanhong Yin, Zhongwei Zhang, Yi
Li, Ran Zhou and Jinmei Xu are attending specialist physicians who dedicate
their time to mentoring trainees.

Funding

This study was supported by the Sichuan Province Science and Technology
Support Program (No. 2022YFS0379). This funding body had no influence on
the design of the study and collection, analysis, and interpretation of data and
in writing the manuscript.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or
analysed.

Declarations

Ethics approval and consent to participate
Written informed consent was obtained from the patient to participate in this
case report.

Consent for publication

Written informed consent for publication of clinical details and clinical images
was obtained from the patient. A copy of the consent form is available for
review by the Editor of the journal.

Competing interests
The authors have no competing interests to declare.

Author details

"Department of Critical Care Medicine, West China Hospital, Sichuan
University, Chengdu 610041, China. >Department of Critical Care Medicine,
Sichuan Provincial Corps Hospital of the Chinese People’s Armed Police Force,
Leshan 614700, China.

Received: 30 September 2022 Accepted: 13 April 2023
Published online: 26 April 2023

References

1. Desai AN. Cryptosporidiosis. JAMA. 2020;323(3):288. https://doi.org/10.
1001/jama.2019.18691. (PMID: 31961421).

2. Checkley W, White AC Jr, Jaganath D, Arrowood MJ, Chalmers RM, Chen
XM, Fayer R, Griffiths JK, Guerrant RL, Hedstrom L, Huston CD, Kotloff
KL, Kang G, Mead JR, Miller M, Petri WA Jr, Priest JW, Roos DS, Striepen
B, Thompson RC, Ward HD, Van Voorhis WA, Xiao L, Zhu G, Houpt ER. A
review of the global burden, novel diagnostics, therapeutics, and vaccine
targets for Cryptosporidium. Lancet Infect Dis. 2015 15(1):85-94. 10. 1016/
S1473-3099(14)70772-8. Epub 2014 Sep 29. PMID: 25278220; PMCID:
PMC4401121.

3. Goodgame RW, Kimball K, Ou CN, White AC Jr, Genta RM, Lifschitz CH,
Chappell CL. Intestinal function and injury in acquired immunodeficiency
syndrome-related cryptosporidiosis. Gastroenterology. 1995;108(4):1075-
82. https://doi.org/10.1016/0016-5085(95)90205-8. (PMID: 7698574).

4. Bouzid M, Hunter PR, Chalmers RM, Tyler KM. Cryptosporidium patho-
genicity and virulence. Clin Microbiol Rev. 2013;26(1):115-34. https://doi.
0rg/10.1128/CMR.00076-12. (PMID: 23297262; PMCID: PMC3553671).

5. Herrero JI, Benlloch S, Bernardos A, Bilbao |, Castells L, Castroagudin JF,
Gonzélez L, Irastorza |, Navasa M, Otero A, Pons JA, Rimola A, Suérez F,
Casanovas T, Otero E, Rodriguez M, Serrano T, Otero S, Lopez |, Miras

20.

Page 7 of 8

M, Prieto M; MITOS Study Group. Gastrointestinal complications in liver
transplant recipients: MITOS study. Transplant Proc. 2007 39(7):2311-3. 10.
1016/j. transproceed. 2007. 06. 012. PMID: 17889174.

Agholi M, Hatam GR, Motazedian MH. Microsporidia and coccidia as
causes of persistence diarrhea among liver transplant children: incidence
rate and species/genotypes. Pediatr Infect Dis J. 2013;32(2):185-7. https://
doi.org/10.1097/INF.Ob013e318273d95f. (PMID: 22982981).

Arasaradnam RP, Brown S, Forbes A, Fox MR, Hungin P, Kelman L, Major
G, O'Connor M, Sanders DS, Sinha R, Smith SC, Thomas P, Walters JRF.
Guidelines for the investigation of chronic diarrhea in adults: British Soci-
ety of Gastroenterology, 3rd edition. Gut. 2018 Aug;67(8):1380-1399. 10.
1136/gutjnl-2017-315909. Epub 2018 Apr 13. PMID: 29653941; PMCID:
PMC6204957.

Fabiani S, Fortunato S, Bruschi F. Solid Organ Transplant and Parasitic Dis-
eases: A Review of the Clinical Cases in the Last Two Decades. Pathogens.
2018;7(3):65. https://doi.org/10.3390/pathogens7030065. (PMID:3006522
0;,PMCID:PMC6160964).

Deltombe C, Lefebvre M, Morio F, Boutoille D, Imbert BM, Le Pape P, Raffi
F, Hourmant M. Cryptosporidiosis and microsporidiosis as causes of
diarrhea in kidney and/or pancreas transplant recipients. Med Mal Infect.
2020;50(5):407-13. https://doi.org/10.1016/j.medmal.2019.07.010. (Epub
2019 Aug 28 PMID: 31472993).

. Chieffi PP, Sens YA, Paschoalotti MA, Miorin LA, Silva HG, Jabur P. Infection

by Cryptosporidium parvum in renal patients submitted to renal trans-
plant or hemodialysis. Rev Soc Bras Med Trop. 1998 Jul-Aug;31(4):333-7.
10. 1590/50037-86821998000400001. PMID: 9662959.

. Florescu DF, Sandkovsky U. Cryptosporidium infection in solid organ

transplantation. World J Transplant. 2016;6(3):460-71. https://doi.org/10.
5500/wjt.v6.i3.460. (PMID:27683627;,PMCID:PMC5036118).

. Fox LM, Saravolatz LD. Nitazoxanide: a new thiazolide antiparasitic agent.

Clin Infect Dis. 2005;40(8):1173-80. https://doi.org/10.1086/428839.
(Epub 2005 Mar 14 PMID: 15791519).

. Miyamoto Y, Eckmann L. Drug Development Against the Major Diarrhea-

Causing Parasites of the Small Intestine, Cryptosporidium and Giardia.
Front Microbiol. 2015;19(6):1208. https://doi.org/10.3389/fmicb.2015.
01208. (PMID:26635732;PMCID:PMC4652082).

. Fischer RT, Day JC, Wasserkrug H, Faseler M, Kats A, Daniel JF, Slowik V,

Andrews W, Hendrickson RJ. Complications of Cryptosporidium infec-
tion after pediatric liver transplantation: Diarrhea, rejection, and biliary
disease. Pediatr Transplant. 2020 Dec;24(8):13807. 10. 1111/petr. 13807.
Epub 2020 Aug 10. PMID: 32777150.

. Hunter PR, Nichols G. Epidemiology and clinical features of Crypto-

sporidium infection in immunocompromised patients. Clin Microbiol Rev.
2002;15(1):145-54. https://doi.org/10.1128/CMR.15.1.145-154.2002. (PMID
:11781272,PMCID:PMC118064).

. Bouzid M, Hunter PR, Chalmers RM, Tyler KM. Cryptosporidium patho-

genicity and virulence. Clin Microbiol Rev. 2013;26(1):115-34. https://doi.
org/10.1128/CMR.00076-12. (PMID:23297262,PMCID:PMC3553671).
Roncoroni AJ, Gomez MA, Mera J, Cagnoni P, Michel MD. Cryptosporidium
infection in renal transplant patients. J Infect Dis. 1989;160(3):559. https://
doi.org/10.1093/infdis/160.3.559. (PMID: 2668434).

Bhadauria D, Goel A, Kaul A, Sharma RK, Gupta A, Ruhela V, Gupta A,
Vardhan H, Prasad N. Cryptosporidium infection after renal transplantation
in an endemic area. Transpl Infect Dis. 2015;17(1):48-55. https://doi.org/
10.1111/tid.12336. (Epub 2015 Jan 12 PMID: 25620388).

Sisson G, Goodwin A, Raudonikiene A, Hughes NJ, Mukhopadhyay AK,
Berg DE, Hoffman PS. Enzymes associated with reductive activation and
action of nitazoxanide, nitrofurans, and metronidazole in Helicobacter
pylori. Antimicrob Agents Chemother. 2002;46(7):2116-23. https://
doi.org/10.1128/AAC46.7.2116-2123.2002. (PMID:12069963,;PMCID:
PMC127316).

Brunet J, Lemoine JP, Pesson B, Valot S, Sautour M, Dalle F, Muller C,
Borni-Duval C, Caillard S, Moulin B, Pfaff AW, Razakandrainibe R, Abou-
Bacar A, Favennec L, Candolfi E. Ruling out nosocomial transmission of
Cryptosporidium in a renal transplantation unit: case report. BMC Infect
Dis. 2016;2(16):363. https://doi.org/10.1186/512879-016-1661-5. (PMID:27
484187,PMCID:PMC4969980).

. Rossignol JF, Hidalgo H, Feregrino M, Higuera F, Gomez WH, Romero JL,

Padierna J, Geyne A, Ayers MS. A double-'blind’ placebo-controlled study
of nitazoxanide in the treatment of cryptosporidial diarrhea in AIDS


https://doi.org/10.1001/jama.2019.18691
https://doi.org/10.1001/jama.2019.18691
https://doi.org/10.1016/0016-5085(95)90205-8
https://doi.org/10.1128/CMR.00076-12
https://doi.org/10.1128/CMR.00076-12
https://doi.org/10.1097/INF.0b013e318273d95f
https://doi.org/10.1097/INF.0b013e318273d95f
https://doi.org/10.3390/pathogens7030065
https://doi.org/10.1016/j.medmal.2019.07.010
https://doi.org/10.5500/wjt.v6.i3.460
https://doi.org/10.5500/wjt.v6.i3.460
https://doi.org/10.1086/428839
https://doi.org/10.3389/fmicb.2015.01208
https://doi.org/10.3389/fmicb.2015.01208
https://doi.org/10.1128/CMR.15.1.145-154.2002
https://doi.org/10.1128/CMR.00076-12
https://doi.org/10.1128/CMR.00076-12
https://doi.org/10.1093/infdis/160.3.559
https://doi.org/10.1093/infdis/160.3.559
https://doi.org/10.1111/tid.12336
https://doi.org/10.1111/tid.12336
https://doi.org/10.1128/AAC.46.7.2116-2123.2002
https://doi.org/10.1128/AAC.46.7.2116-2123.2002
https://doi.org/10.1186/s12879-016-1661-5

Tie et al. BMIC Infectious Diseases

22.

23.

24.

25.

26.

27.

(2023) 23:260

patients in Mexico. Trans R Soc Trop Med Hyg. 1998 Nov-Dec;92(6):663-6.
doi: 10. 1016/50035-9203(98)90804-5. PMID: 10326116.

Okhuysen PC, Chappell CL, Crabb J, Valdez LM, Douglass ET, DuPont HL.
Prophylactic effect of bovine anti-Cryptosporidium hyperimmune colos-
trum immunoglobulin in healthy volunteers challenged with Crypto-
sporidium parvum. Clin Infect Dis. 1998;26(6):1324-9. https://doi.org/10.
1086/516374. (PMID: 9636857).

Fichtenbaum CJ, Zackin R, Feinberg J, Benson C, Griffiths JK; AIDS Clinical
Trials Group New Works Concept Sheet Team 064. Rifabutin but not
clarithromycin prevents cryptosporidiosis in persons with advanced

HIV infection. AIDS. 2000 Dec 22;14(18):2889-93. 10. 1097/00002030-
200012220-00010. PMID: 11153670.

Castellanos-Gonzalez A, White AC Jr, Ojo KK, Vidadala RS, Zhang Z,

Reid MC, Fox AM, Keyloun KR, Rivas K, Irani A, Dann SM, Fan E, Maly DJ,
Van Voorhis WC. A novel calcium-dependent protein kinase inhibitor

as a lead compound for treating cryptosporidiosis. J Infect Dis. 2013

Oct 15;208(8):1342-8. 10. 1093/infdis/jit327. Epub 2013 Jul 21. PMID:
23878324; PMCID: PMC3778970.

Nime FA, Burek JD, Page DL, Holscher MA, Yardley JH. Acute enterocolitis
ina human being infected with the protozoan Cryptosporidium. Gastro-
enterology. 1976;70(4):592-8 (PMID: 815126).

Dupuy F, Valot S, Dalle F, Sterin A, LOllivier C. Disseminated Crypto-
sporidium infection in an infant with CD40L deficiency. IDCases. 2021 Apr
7,24:e01115.doi: 10. 1016/j. idcr. 2021. e01115. PMID: 33868928; PMCID:
PMC8044382.

Rodrigues F, Davies EG, Harrison P McLauchlin J, Karani J, Portmann B,
Jones A, Veys P, Mieli-Vergani G, Hadzi¢ N. Liver disease in children with
primary immunodeficiencies. J Pediatr. 2004;145(3):333-9. https://doi.
0rg/10.1016/,jpeds.2004.05.037. (PMID: 15343186).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1086/516374
https://doi.org/10.1086/516374
https://doi.org/10.1016/j.jpeds.2004.05.037
https://doi.org/10.1016/j.jpeds.2004.05.037

	A case of septic shock due to delayed diagnosis of Cryptosporidium infection after liver transplantation
	Abstract 
	Background 
	Case presentation 
	Conclusion 

	Background
	Case presentation
	Discussion and conclusion
	Acknowledgements
	References


