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Background: Cryptosporidium is one of the major pathogens causing diarrhea worldwide. At present, cryptosporidiosis is difficult to
prevent and control, especially in immunocompromised hosts. It may cause life-threatening diarrhea and malabsorption among
children and immunocompromised patients. Therefore, it is very important to explore rapid diagnostic tools and treatment methods
for Cryptosporidium infection.

Case Presentation: We reported a case of severe diarrthea caused by cryptosporidiosis in a liver transplant recipient, whose
condition was finally confirmed by metagenomic next-generation sequencing (mNGS) and fecal microscopy. His illness was resolved
with immunosuppression regulation, nitazoxanide administration, and infection control.

Conclusion: So far, nitazoxanide is still the first choice for the treatment of cryptosporidiosis. Our institutional experience suggested
that nitazoxanide alone may be effective on the basis of adjusting immunosuppressant. In addition, even though diagnosis of
Cryptosporidium infection is a challenge, mNGS can serve as a rapid screening tool in low-prevalence setting.
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Introduction
Cryptosporidiosis is caused by Cryptosporidium, an intracellular protozoan parasite mainly infected and reproduced in
the epithelial cells of the digestive tract." The most common mean of transmission is through contaminated an infected
person or animal or from a fecally contaminated environment, such as a food or water source. Cryptosporidium parvum
is one of the main species responsible for clinical disease in humans, destroying enterocytes, causing gastrointestinal
symptoms such as watery diarrhea and abdominal cramps, first confirmed to be related to gastrointestinal disease in
humans in 1976.% This disease is generally self-limited with mild diarrhea occurring in immunocompetent patients, but
the course of disease may be longer and more severe in immunocompromised hosts. For instance, chances are higher
with patients with cellular and humoral immune deficiencies. These include HIV infection, organ transplantation,
hypogammaglobulinemia, immunoglobulin (Ig)A deficiency, and genetic immune deficiencies including interleukin-21
receptor deficiency and CD40L deficiency, etc.”>®

A study evaluating the etiology of diarrhea in solid organ recipients reported that diarrhea caused by cryptosporidiosis
accounted for 21.2% and 3% in the solid organ transplantation group and control group, respectively.” However, the
diagnosis and treatment of cryptosporidiosis are problematic.® In terms of diagnosis, the gold standard for laboratory
diagnosis is based on the identification of oocysts in stool samples by using light microscopy with staining-based
techniques. Nevertheless, the method may lack specificity and sensitivity. Here we propose a new approach based on
molecular diagnostic techniques utilizing fluid samples rather than feces. Cryptosporidium DNA fragments were detected
in blood sample through metagenomic next-generation sequencing (mNGS). Additionally, in clinical treatment, nitazox-
anide is the unique drug approved by US Food and Drug Administration to treat cryptosporidiosis.”'® However, some
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studies have found that nitazoxanide alone may be less effective.'''® The data of nitazoxanide alone involved in the
treatment of cryptosporidiosis in transplant recipients is also limited and low-quality, with most cases reported in
children.'"'* In this manuscript, we describe a case with symptoms subsided rapidly with nitazoxanide alone after
azithromycin treatment failed on the basis of modulating cellular immunity.

Case Presentation

In July 2022, a 56-year-old Chinese male came to our hospital for 20 days of diarrhea. At the beginning, it is yellow loose
stools, 68 times a day. Ten days ago, the patient had aggravated diarrhea, manifested as dark green watery stool, up to 10
times a day, accompanied by palpitations, shortness of breath, dizziness, dry mouth, dry skin, and sunken eye socket
symptoms. A week before his admission, he had no history of fevering, abdominal pain or travelling. Two years ago, the
patient received allograft in our hospital for liver cancer and hepatitis B cirrhosis. To avoid rejection, he took long-term
immunosuppressive therapy of tacrolimus (Img ql2h), mycophenolic acid (750mg ql2h) and sirolimus (1mg qd) after
surgery.

On admission, the patient had a temperature of 37.9 °C, presented with septic shock and metabolic acidosis, and was
intubated and transferred to the intensive care unit. Because the patient presented with oliguria and serum creatinine of
170 umol/L, continuous renal replacement treatment (CRRT) was conducted for acute kidney injury. In addition,
laboratory examination revealed white blood cell (WBC) count 13.46x10°/L with an elevated neutrophil ratio of
87.9%. The concentration of procalcitonin (PCT) and C-reactive protein (CRP) were 3.32 ng/mL and 190 mg/L,
respectively. Troponin-T (TPN-T) was 191.2 ng/L. It suggested possible abdominal or lung infection and myocardial
injury. There were no significant changes in liver function test, blood coagulation test or platelet count. The tacrolimus
concentration is within the target treatment range. As the patient’s temperature continued to rise to 38.5°C, no significant
improvement was observed after empirical treatment with piperacillin/tazobactam, we collected bronchoalveolar lavage
solution for culture. The results revealed Aspergillus fumigatus and carbapenem-resistant Klebsiella pneumoniae. Urine
bacterial culture, venous blood culture and anaerobic blood culture were negative. According to drug sensitivity results,
antibacterial agents were replaced by meropenem and voriconazole. In view of the severe infection of patients and the
fact that the concentrations of tacrolimus and sirolimus can be affected by voriconazole, tacrolimus and sirolimus were
discontinued. We collected stool for detection, and the results showed that intestinal bacterial culture, microscopic
examination of parasite, clostridium difficile antigen were negative. Because of diarrhea, the patient was given compound
berberine (a Chinese proprietary medicine, which has inhibitory effect on intestinal bacteria and can be used for intestinal
infection) to decrease diarrhea, and at the same time, the electrolyte balance and acid-base balance in the patient’s body
were corrected. Subsequently, the patient’s diarrhea was significantly mitigated, and enteral nutrition solution and
probiotics were given to regulate intestinal function. Two days later, the patient again developed high frequency diarrhea
(6-8 watery stools per day) with fever, with a temperature fluctuating around 39 °C. Subsequently, parasitic examination
of stool and fecal bacterial cultures received negative results. For rapid detection of possible pathogens, the blood sample
of the patient was sent to undergo PACEseq mNGS analysis (Genskey, Chengdu, China). Two days later, the mNGS
result revealed the presence of Klebsiella pneumoniae and Cryptosporidium parvum, with reads of 19 and 33,
respectively (Figure 1). In addition, we detected oval bodies in stool samples of patients by modified acid-fast stain,
which were Cryptosporidium oocysts. At present, Cryptosporidium infection was well established, and we proposed to
give nitazoxanide, but this drug is not readily available. Therefore, we temporarily chose azithromycin (0.5g qd) alone
for treatment. At the same time, laboratory results indicated that the indices of the liver function and T lymphocyte count
were elevated, which may be related to the rejection caused by the reduction of immunosuppressive drugs. Hence we
added cyclosporine (150mg bid) into his prescription. Two days after taking cyclosporine, we determined that the trough
concentration of cyclosporine was 194.00 pg/L, which exceeded the therapeutic concentration, possibly related to
the combination of Voriconazole, and adjusted the cyclosporine dose to maintain around 100 ng/mL. After one week,
the patient’s diarrhea did not improve, so azithromycin was stopped and nitazoxanide (500mg tid) was added. On the
third day of medication, the patient’s diarrhea frequency was reduced to 3—4 times a day. After two weeks of treatment,
the patient’s diarrhea subsided. The fecal samples were collected again for acid fast staining, and we found no
Cryptosporidium oocysts and stopped providing nitazoxanide.
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Figure 1 mNGS results of the patients. (a) A total of 33 specific reads of Cryptosporidium parvum were detected by mNGS in this case. (b) The coverage of Cryptosporidium
parvum detected by mNGS was 0.0332%.
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Figure 2 Timeline of disease progression.
Abbreviations: CRRT, continuous renal replacement treatment; ICU, intensive care unit; BALF, bronchoalveolar lavage fluid, mNGS, metagenomic next-generation
sequencing.

The patient recovered slowly with immunosuppression and severe pulmonary infection. After 40 days of hospitalization, the
patient’s systemic infection was obviously controlled, and he could be disconnected from the ventilator intermittently. At the same
time, the creatinine slowly decreased to the normal baseline level, and the liver function gradually recovered. After 47 days in
hospital, the patient’s condition gradually stabilized. He no longer relied on the ventilator and was transferred to the general ward
to continue rehabilitation treatment. The timeline of the treatment is shown in Figure 2.

Discussion

Tyzzer first found Cryptosporidium in experimental mice in 1907."° In the following 70 years, Cryptosporidium infection
in snakes, poultry, dogs, cats, cattle, sheep and other animals has been reported around the world. In 1976, the first case
of Cryptosporidium infection resulting in self-limiting enteritis in humans was reported, suggesting that cryptosporidiosis
had become one of the zoonotic diseases.'® The pathogenic mechanism of Cryptosporidium leading to diarrhea in
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immunocompromised patients is unclear, which may be related to a variety of factors.'”'® In general, most cryptospor-
idiosis patients have from mild to moderate symptoms, and they can maintain their body fluid balance without additional
treatment. However, this disease may cause life-threatening diarrhea in immunocompromised patients.

Diarrhea is common in solid organ transplant patients, with a prevalence of about 20%-50%.'° In addition, diarrhea
may be secondary to bacterial, viral, parasitic infections, and some immunosuppressive drugs, such as mycophenolic acid
and tacrolimus.*® In this case, we tested for common pathogens that could cause diarrhea, but no positive results were
found. At the same time, we also stopped tacrolimus and sirolimus, and the patient’s diarrhea did not stop. Eventually, we
picked up Cryptosporidium parvum through Metagenomic sequencing.

Traditionally, the diagnosis of cryptosporidiosis mainly depended on microscopy and fecal immunoassay. Nowadays,
molecular methods have been used to identify species, genotypes and subtypes of Cryptosporidium in patients with high
specificity and sensitivity. The method shows high specificity and high sensitivity. In a study of 200 patients with diarrhea,
fecal samples were examined using microscopy (modified acid-fast staining), sandwich enzyme-linked immunosorbent assay
(ELISA), and nested PCR.*' Compared with ELISA and microscope, PCR has the highest detection rate (21%, 12.5% and 9.5%
respectively). In this case, although the DNA sequence levels of C. parvum and C. hominis were similar (> 96%), we still found
Cryptosporidium DNA in the blood of the patient via mNGS and identified its species, providing directions for subsequent
treatment.

There is no high-quality evidence that nitazoxanide is more effective than placebo in HIV-infected patients, and also very little
data on transplant recipients, but nitazoxanide remains the drug of choice for cryptosporidiosis. The American Society of
Transplantation Infectious Diseases recommends that solid organ transplant patients with cryptosporidiosis receive antimicrobial
treatment, usually with nitazoxanide monotherapy, and patients with severe disease receive combined treatment.'*

In addition to nitazoxanide, drugs with anti-Cryptosporidium activity in vitro, animal models and patients include
azithromycin, paromomycin and rifaximin.® Rifabutin has been shown to be effective in HIV patients, but data are
limited.”*** Among them, azithromycin belongs to macrolides, which was used in the initial treatment of cryptospor-
idiosis because it is relatively easy to obtain. Azithromycin monotherapy has been reported to improve clinical outcomes
in HIV-infected patients with cryptosporidiosis, but responses have been variable.** Therefore, we proposed that
azithromycin should be used in combination with other antiparasitic drugs for cryptosporidiosis.

Antiparasitic drugs are the suboptimal treatment for Cryptosporidium infection.” Improving cellular immunity is an important
prerequisite for treating cryptosporidiosis in immunodeficient patients. The American Society of Transplantation Infectious
Diseases strongly recommends that immunosuppressants be reduced, if possible, for gastrointestinal infections of solid organ
transplantation (SOT) recipients caused by Cryptosporidium."* The use of tacrolimus has been demonstrated to increase the risk

of cryptosporidiosis infection.”> Bonatti et al*®

exhibited that compared with transplant recipients infected with community-
acquired clostridium difficile (CDI), SOT recipients with cryptosporidiosis had increased tacrolimus levels and acute renal injury,
which may be related to the change of drug metabolism in the small intestine caused by Cryptosporidium enteritis.

However, modulating immunosuppressant and monitoring immunosuppression levels can be challenging. Critically ill
patients often have not only gastrointestinal infection caused by Cryptosporidium, but also concurrent infections induced by multi-
drug resistant bacteria and fungi, and even Multiple Organ Dysfunction Syndrome (MODS). In our case report, the patient was
discontinued from tacrolimus and sirolimus upon admission, but a few days later developed abnormal liver function, which we
suspected was related to rejection due to immunosuppressant reduction and added the cyclosporine. Nevertheless, the trough level
of cyclosporine exceeded the target treatment concentration after two days, which was considered to be a clinically significant
interaction between voriconazole and cyclosporine. The label of voriconazole (VFEND) shows that voriconazole is a strong
inhibitor of CYP3A4, which can significantly increase the AUCrt of cyclosporine. Finally, we resolved the diarrhea with
nitazoxanide alone, which may benefit from the adjustment of the immunosuppressive regimen. Consequently, when transplant
recipients suffer from severe infection, the adjustment of immunosuppressant is complicated, and the combination of other drugs
and the patient’s liver and kidney function should be considered to avoid further deterioration of the patient’s disease.

Conclusions
Currently, cryptosporidiosis is highly reported in people with human immunodeficiency virus (HIV) infection, but the
true prevalence of it in solid organ transplant patients is not yet known. Cryptosporidiosis after liver transplantation is
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difficult to diagnose at an early stage and may be overlooked. In this case, we found Cryptosporidium DNA in the blood
of transplant recipients by mNGS. With this diagnostic method, the patient can receive immediate treatment and recover
through this diagnostic technique. Although there is a lack of standardized effective treatment for cryptosporidiosis in
immunodeficient patients, especially in SOT recipients, our case report suggested that nitazoxanide alone was effective
on the premise of adjusting immunosuppressant. It provided our institutional experience in the diagnosis and treatment of
cryptosporidiosis in a low-prevalence setting. And it is necessary to remind people with low immunity to maintain good
personal hygiene habits and reduce, control or eliminate the pathogenic risk factors of other animals for the prevention
and transmission of cryptosporidiosis.

Data Sharing Statement

The data and information are true and reliable. If you need this data, you can get it from Huifang Shan or the corresponding author.
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