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Abstract

Transient or constant impaired immunity is often associated with neoplastic disease or
oncological treatment. Among the most common pathogens found in patients with HIV or
patients undergoing chemotherapy are protozoans of the Cryptosporidium genus, which
cause diarrhea in humans and animals. The present study determined the frequency of
Cryptosporidium spp. infections in patients with colorectal cancer (N = 108; 42 women;

66 men; median age, 65 years), before beginning oncological treatment, compared to a
control group (N = 125; 56 women, 69 men; median age, 63 years) without colorectal cancer
or a history of oncological disease. We also assessed whether Cryptosporidium spp. infec-
tions were associated with age, gender, cancer stage (based on Astler-Coller or TNM classi-
fication), histological grade, or cancer location. Patients were treated at the Pomeranian
Medical University, in 2009-2014. The presence of Cryptosporidium spp. antigen was deter-
mined in stool samples, analyzed with a commercial immunoenzymatic test. Cryptosporid-
ium spp. infections occurred significantly more often (p = 0.015) in patients (13%) compared
to controls (4%). The patient group showed no significant relationship between Cryptospo-
ridium spp. infection and sex, age, tumor location, cancer grade, or stage. A multivariate
logistic regression analysis adjusted for age and sex that included all subjects (patient + con-
trol groups, n = 233) showed that the odds of a Cryptosporidium spp. infection were more
than three-fold higher in patients than in controls, and more than six-fold higher among men
than among women. Conclusions: 1) Cryptosporidium spp. infections occurred significantly
more frequently in patients with colorectal cancer (before oncological treatment) compared
to controls, independent of age and sex. 2) Cryptosporidium spp. infections were not associ-
ated with the colorectal cancer stage, grade, or location or with patient age. 3) Male gender
was significantly related to the frequency of Cryptosporidium spp. infections, independent of
age and the presence of colorectal cancer.
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Introduction

Colorectal cancer is one of the most common malignant neoplasms in humans. Its incidence
is the third highest among malignant neoplasms worldwide, and it accounts for 9.7% of all
tumors [1]. Colorectal cancer arises from an accumulation of genetic and epigenetic changes
that transform healthy epithelial cells into cancer cells. In addition to genetic factors, environ-
mental factors contribute to the genesis of colorectal cancer, like red meat-rich diets, low phys-
ical activity, and chronic nicotine use [2]. There is also evidence that bacteria in intestinal flora
play a significant role in colorectal cancer development [3].

Cryptosporidium is a small protozoan that infects cells and exists intracellularly, particularly
in the gastrointestinal tract epithelium of vertebrates, including birds, reptiles, amphibians,
humans, and other mammals. The Cryptosporidium infection is one of the most important eti-
ologies of diarrhea among humans [4]. It was estimated that Cryptosporidium infections
accounted for 1-3% of diarrhea incidences in the US and Europe and 10-15% of incidences in
developing countries [5]. Most infections in humans are caused by C. parvum and C. hominis
[6]. These are responsible for over 90% of all cases [6]. Invasive forms (oocysts) are resistant to
external factors and water treatment processes. They can survive in temperatures of -20°C and
in salt water [7]. The infection spreads in a fecal-oral pathway. It is mostly transmitted through
contaminated food or water, but it can also be transmitted through direct contact with infected
humans or animals, and rarely, through inhalation. Cryptosporidiosis can occur sporadically
or in an epidemic. In the last several years, more than 100 epidemics have been detected and
described [8]. Among these, a Cryptosporidiosis outbreak occurred in Milwaukee, which
affected 403 000 people [9]. Cryptosporidium might also be responsible for opportunistic infec-
tions among patients with neoplasms [10, 11].

Among patients with immunocompetence, exposure to Cryptosporidium results in an infec-
tion of the small intestine that may be asymptomatic or it may cause transient, watery-mucous
diarrhea, which resolves without treatment. The diarrhea might be accompanied by nausea,
vomiting, abdominal pain, and sometimes fever. The infection causes transient destruction of
microvilli and crypt hyperplasia with inflammatory cell infiltration. Patients with a competent
immune system quickly recover from cryptosporidiosis, typically within two weeks. However,
in patients with damaged, underdeveloped (e.g., infants and small children), or compromised
immune systems (e.g., patients with AIDS), infections can lead to chronic diarrhea, water-elec-
trolyte imbalances, malnutrition, and even death [12,13].

According to International Agency for Research on Cancer (IARC), there are 11 biological
factors that are carcinogenic in humans. These factors are: EBV, HBV, HCV, HHV-8, HIV,
HPV, HTLV-1, Helicobacter pylori, Schistosoma haematobium, Opisthorchis viverrini, and Clo-
norchis siniensis [14]. Some of anti-infective therapies may lead to the remission of malignancy
as in case of gastric MALT lymphoma. Current guidelines indicate H. pylori eradication ther-
apy as the first line approach in gastric MALT lymphoma [15,16].

The role of protozoa in tumor growth remains unknown. IARC has not considered proto-
zoans carcinogenic for humans. However, the available data show that some protozoa may be
associated with tumor growth, including: Trichomonas vaginalis, Toxoplasma gondii, and C.
parvum [17]. The notion that a chronic Cryptosporidium infection might influence tumor
development is based on limited data, and those data were mainly from studies conducted on
animals [18, 19, 20, 21].

Cryptosporidiosis, an opportunistic infection, is best-known and documented in patients
with HIV infections. Patel et al. found significantly more occurrences of colorectal cancer
among patients with HIV infections than in the general population [22]. Shebl et al. [23]
showed that the risk of colorectal cancer was higher among patients with HIV infections and
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cryptosporidiosis than among patients with HIV infections without cryptosporidiosis. That
finding indirectly suggested that Cryptosporidium infections might be associated with the
development of colorectal cancer. Moreover, statistically significant differences were found
among patients with planoepithelial cancer and patients with other rare types of colorectal
cancer [23].

The present study had two main objectives. First, we determined the frequency of Crypto-
sporidium spp. infections in patients with colorectal cancer, before beginning oncological
treatment. The results were compared to results in a control group of individuals without can-
cer after adjustment for age and gender. Second, we assessed whether the occurrence of Cryp-
tosporidium spp. infections was associated with the age or gender of patients, the colorectal
cancer stage, the histological grade, or the location of cancer.

Materials and methods

This study included 108 consecutive patients with colorectal cancer that were hospitalized
from 2009-2014 in the Department of General and Oncological Surgery, Pomeranian Medical
University. The group had a median age of 65 years and consisted of 42 women (38.9%) and
66 men (61.1%). The colonoscopy examination was conducted in the Department of Gastroen-
terology Pomeranian Medical University. All patients were diagnosed based on histopatholog-
ical confirmations of cancer. Patients with concomitant neoplasms or with a history of another
cancer were excluded from the study. No patient included in the study had previously under-
gone chemotherapy. Details of the patient characteristics are shown in Table 1.

We also recruited a control group of 125 individuals without a diagnosis of colorectal can-
cer and no history of cancer at the time of interview. These included 56 women (44.8%) and
69 men (55.2%). The median age was 63 years.

On the day of admission to the Department of General and Oncological Surgery, stool sam-
ples were collected from patients with colorectal cancer. Stool samples were also collected
from the control group in the Department of Gastroenterology, Pomeranian Medical Univer-
sity. All samples were delivered to the Department of Biology and Medical Parasitology, Pom-
eranian Medical University. The study was approved by the Bioethics Committee Pomeranian
Medical University (KB-0012/179/05/16). According to Bioethics Committee instructions,
verbal consents were obtained from patients because of non-invasive character of the con-
ducted study. Examinations were made additionally to routine stool-sample investigation for
parasite infection. Attestation statements of verbal consents of all participants in conducted
study, signed by the physicians were gathered in medical record.

Immunoenzymatic test for Cryptosporidium (Antigen-EIA technique)

Stool samples were analyzed to determine the presence or absence of Cryptosporidium spp.
antigen, with a commercial immunoenzymatic test (ProSpecT Cryptosporidium Microplane
Assay), according to the manufacturer’s instructions. The test detected CSA, an antigen spe-
cific to Cryptosporidium. The intensity of the reaction product was analyzed with a visual
method.

Statistical analysis

Associations between Cryptosporidium spp. infection and qualitative variables were evaluated
with Pearson’s chi-squared test or Fisher’s exact test. Associations of Cryptosporidium spp.
infection with age and rank variables (e.g., cancer stage) were analyzed with the Mann-Whit-
ney U test. A multivariate logistic regression analysis was conducted to identify independent
risk factors for Cryptosporidium spp. infections. The threshold for statistical significance was
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Table 1. Characteristics of patients with colorectal cancer (n = 108).

Examined parameters Values
Age (years); Median (range) 65 (38-88)
Gender:

female 42 (38.9)
male 66 (61.1)
Tumor location:

right side of colorectum® 25 (23.1)
left side of colorectum® 83 (76.9)
Tumor location:

rectum 45 (41.7)
colon 63 (58.3)
TNM Staging:

1 18 (16.7)
IIA 36 (33.3)
1B 0

I1C 1(0.9)
1A 1(0.9)
I1IB 29 (26.9)
IIC 7 (6.5)
v 16 (14.8)
Astler Coller staging:

A 3(2.8)
B1 15 (13.9)
B2 36 (33.3)
B3 1(0.9)
C1 2(1.8)
C2 33 (30.6)
C3 2(1.9)

D 16 (14.8)
Astler Coller staging:

A+B 55 (50.9)
C+D 53 (49.1)
Grading*:

G1 7 (6.6)
G2 78 (73.6)
G3 14 (13.2)
Mucinosum histology 7 (6.6)
Grading™:

G1+G2 85 (80.2)
G3+mucinosum histology 21 (19.8)

Values indicate the number of patients (%), unless indicated otherwise.

“Right-side location, including the cecum, colon ascendens, and colon transversum

PLeft-side location, including the colon descendens, sigmoid, sigmoid-rectal flexure, and rectum; TNM: tumor size,

nodal involvement, and metastasis grading
*G-grading was absent in two patients

https://doi.org/10.1371/journal.pone.0195834.t001

p<0.05. The calculations were performed with Statistica 10 (StatSoft Inc., USA) and Microsoft

Excel 2003.
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Table 2. Comparison of the characteristics and frequencies of Cryptosporidium spp. infections in colorectal cancer
(CRC; n = 108) and control (n = 125) groups.

Parameter CRC group Control group p

Age (years); Median (range) 65 (38-88) 63 (38-88) 0.175%
Gender:

female 42 (38.9) 56 (44.8) 0.424°
male 66 (61.1) 69 (55.2)

Cryptosporidium spp. infection:

current infection 14 (13) 5(4) 0.015°
current lack of Cryptosporidium infection 94 (87) 120 (96)

Values indicate number of patients (%), unless indicated otherwise.
*Mann-Whitney U test
PFisher’s exact test

https://doi.org/10.1371/journal.pone.0195834.t1002

Results

We found no significant differences in age and gender between the colorectal cancer (n = 108)
and control (n = 125) groups (Table 2). Cryptosporidium spp. infections occurred significantly
more frequently in the colorectal cancer group than in the control group (p = 0.015, Table 2).
The presence of Cryptosporidium spp. antigen was detected in 14 (13%) patients with colorectal
cancer and in 5 (4%) individuals in the control group.

In the colorectal cancer group, we analyzed associations between Cryptosporidium spp.
infection and age, sex, cancer stage (according to the TNM and Astler-Coller classifications),
histological grade, and tumor location (in the rectum or colon; on the left-side or right-side of
the splenic flexure in the colon). We found no significant associations between Cryptosporid-
ium spp. infection and any of these factors (Table 3). However, according to the Astler-Coller
classification, the median cancer stages were C2 (IIIB according to TNM classification) for
individuals infected and B2 (ITA) for those not infected. Nevertheless, those results were not
statistically significant (respectively: p = 0.642 and p = 0.674).

A similar analysis of the control group (n = 125) showed no association between Cryptospo-
ridium spp. infection and age or gender. However, in this group, Cryptosporidium spp. infec-
tions were detected in 5 men and no women. Nevertheless, this difference did not reach
statistical significance threshold (Table 4).

In a multivariate logistic regression analysis, we analyzed the age and gender of all individu-
als in the experimental and control groups (n = 108+125). We found that the odds of Crypto-
sporidium spp. infection were over 3-fold higher in patients with colorectal cancer than in
control subjects (Table 5). The model showed that male gender was a significant independent
risk factor for Cryptosporidium spp. infection. The odds of infection among men were more
than 6-fold higher than among women. We detected no relationship between Cryptosporidium
spp. infection and participant age (Table 5).

Discussion

Patients with tumors often experience transient or constant impairments in immunity, caused
by either the neoplastic disease or the oncological treatment. Among the most common patho-
gens in patients with HIV or those undergoing chemotherapy are the protozoans of the Cryp-
tosporidium genus [11, 24, 25]. The immune response associated with cryptosporidiosis
involves cellular and humoral components. The T-lymphocyte cellular responses are crucial in
controlling infection, as evidenced by the increased disease severity in HIV-infected patients
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Table 3. Associations between Cryptosporidium spp. infection (CR) and various clinical parameters in the group
of individuals with colorectal cancer (n = 108).

Parameter No CR, N (%) With CR, N (%) P

Age (years); Median (range) 64 (40-88) 69 (38-81) 0.323°
Gender:

female 40 (95.2) 2(4.8) 0.075%
male 54 (81.8) 12 (18.2)

Staging according to Astler-Coller:

A 3 (100) 0 0.735°
Bl 14 (93.3) 1(6.7)

B2 31 (86.1) 5(13.9)

B3 1 (100) 0

Cl1 2 (100) 0

C2 26 (78.8) 7 (21.2)

C3 2 (100) 0

D 15 (93.7) 1(6.3)

Staging according to Astler-Coller:

A+B 49 (89.1) 6(10.9) 0.576"
C+D 45 (84.9) 8 (15.1)

Staging according to TNM:

I 17 (94.4) 1(5.6) 0.674°
1A 31 (86.1) 5 (13.9)

I1C 1 (100) 0

1A 1 (100) 0

I1IB 23 (79.3) 6 (20.7)

IIC 6 (85.7) 1(14.3)

v 15 (93.7) 1(6.3)

Grading:

Gl 7 (100) 0 0.48°
G2 66 (84.6) 12 (15.4)

G3 12 (85.7) 2(14.3)

Mucinosum histology 7 (100) 0

Grading:

G1+G2 73 (85.9) 12 (14.1) 0.731*
G3+mucinosum histology 19 (90.5) 2(9.5)

Tumor location:

left-side 71 (85.5) 12 (14.5) 0.514°
right-side 23 (92) 2(8)

Tumor location:

rectum 39 (86.7) 6(13.3) 1.0
colon 55 (87.3) 8 (12.7)

Values indicate the number of patients (%), calculated per row, unless indicated otherwise. CR: Cryptosporidium spp.

infection
“Fisher’s exact test
"Mann-Whitney U test

“chi-square test

https://doi.org/10.1371/journal.pone.0195834.t1003

with CD4 counts less than 100 cells/microL [26, 27]. Specific IgM, IgG, and/or IgA responses
develop during infection. The study of young children infected with Cryptosporidium in Haiti
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Table 4. Associations between Cryptosporidium spp. infection (CR) and age and gender, in the control group
(n=125).

Parameter No CR With CR P

Age (years); Median (range) 63 (38-88) 62 (52-74) 0.781°
Gender, number (%):

female 56 (100) 0 0.064*
male 64 (92.7) 5(7.3)

Values indicate the number of patients (%), calculated per row, unless indicated otherwise; CR: Cryptosporidium spp.
infection

“Fisher’s exact test

"Mann-Whitney U test

https://doi.org/10.1371/journal.pone.0195834.1004

demonstrated the increased presence of systemic and intestinal proinflammatory cytokines
(eg, tumor necrosis factor and interleukin-8) compared to healthy controls [28]. On the other
hand the production of IFN-gamma is involved in the resolution of infection [29, 30].

The present study showed that Cryptosporidium spp. infections occurred significantly more
often in patients with colorectal cancer, at the time of diagnosis, than in a control group with-
out a neoplastic disease. The relatively high proportion of Cryptosporidium spp. infections
(13%) found among patients with colorectal cancer at the time of diagnosis was consistent
with findings in our earlier pilot reports (18% and 12.6%) [31, 32]. The present study showed
that the odds of contracting a Cryptosporidium spp. infection were 3.4-fold higher in patients
with colorectal cancer, before treatment, than among individuals without a neoplasm. To our
knowledge, this study was the first in Europe which evaluated Cryptosporidium spp. infections
prevalence in group of individuals with colorectal cancer before oncological treatment.

Most previous studies were conducted with patients during chemotherapy, which leads to
conditions that foster the development of opportunistic infections [11, 24, 25]. Among those
studies, the prevalence of Cryptosporidium infections varied from 1.3% to 80% [11, 24, 25, 33,
34, 35, 36]. The wide discrepancies in prevalence could be due to differences in the selected
groups of patients, the regions the studies were conducted, or the diagnostic methods used to
detect Cryptosporidium. Of note, in the majority of studies, cryptosporidiosis was described as
a consequence of derivative immune deficiency, caused by the tumor and the treatment.
Therefore, the question remained for patients with colorectal cancer: was the Cryptosporidium
infection associated with the immune disorder, as is commonly found among patients with
cancer? Or was there a relationship between the Cryptosporidium infection and colorectal can-
cer development?

A recent literature review showed that studies that investigated the influence of chronic
Cryptosporidium infections on colorectal cancer growth were conducted mainly in animals. In
2007, Certad et al. showed that, in mice with severe combined immunodeficiency (SCID), an
infection of C. parvum was associated with the growth of adenoma and adenocarcinoma in the
digestive tract [18]. Their study was repeated in 2010, and additionally, they checked the Ki-67

Table 5. Multivariate logistic regression results of associations between Cryptosporidium spp. infection and gen-
der, age, and colorectal cancer diagnosis (both groups, n = 233).

Independent variables Odds Ratio (95% Confidence Interval) P

Age 1.003 (0.956-1.053) 0.883
Gender: men vs. women 6.631 (1.468-29.954) 0.013
Colorectal cancer: patient group vs. control group 3.428 (1.167-10.067) 0.024

https://doi.org/10.1371/journal.pone.0195834.t1005
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proliferation marker. That study demonstrated a significant relationship between the severity
of Cryptosporidiosis and the malignancy of tumors [19, 20]. In another study, Benamrouz

et al. showed that, in mice with SCID, an infection with one oocyst of C. parvum led to the
growth of adenocarcinoma in the digestive tract [37]. Moreover, Certad et al. also found an
association between C. parvum infections and neoplastic growth among mice with SCID
treated with dexamethazone [19, 38]. In mice infected with C. parvum, adenomas with intrae-
pithelial and intramucosal neoplasias of different grades have been detected in the digestive
tract, including the duodenum, stomach, and caecum [18, 19, 20]. Abdu et al. [39] assessed the
relationship between dysplastic changes that developed in the intestine and Cryptosporidium
infections in mice. They demonstrated that dysplastic changes only developed in infected
mice, independent of an immune deficiency. The dysplastic changes were not detected in
groups treated with nitazoxanide [39].

An interesting case report described an individual with lymphoblastic leukemia that devel-
oped severe Cryptosporidiosis after a bone marrow transplant [37]. Mice with SCID were
infected with the Cryptosporidium strain isolated from this patient. Those mice rapidly devel-
oped severe cryptosporidiosis and generalized neoplasms in the stomach, intestine, and biliary
tract. Neoplasms were detected in each location that protozoa were detected. Thus, the Crypto-
sporidium isolated from a human led to cancer growth in an experimental mouse model,
which suggested that this protozoa might directly impact the carcinogenic process [37]. How-
ever, the pathomechanism underlying the potential impact of a Cryptosporidium infection on
the genesis of colorectal cancer remains to be clarified. Experimentally, a chronic Cryptosporid-
ium infection was shown to impact the expression of many genes in host cells, including genes
involved in apoptosis [39, 40, 41]. Benamrouz et al. showed that mice infected with C. parvum
exhibited impaired expression of genes that encoded APC and f3-catenin, two components of
the Wnt pathway [21].

The present study showed that, among all subjects (patients with colorectal cancer and con-
trols), male gender was an independent factor associated with a high prevalence of Cryptospo-
ridium spp. infections. The odds of Cryptosporidium spp. infections were 6.6-fold higher
among men than among women. The European registry indicated that the ratio of men to
women with Cryptosporidium infections varied with the country, but it ranged between 0.8
and 1.5 (European Center for Disease Prevention and Control; report from 2014). Clinical and
preclinical studies have indicated that there are sex- and gender-associated differences in colo-
rectal cancer pathogenesis. Women have a higher risk of developing right-sided colon cancer
than men, which is associated with worse clinical outcome compared to left-sided tumors.
Both genetic and environmental factors are believed to play roles in sex and gender differences
in right- vs left-sided colon cancers [42]. Sharma A et al. showed that pre-operative IL-1beta
and post-operative IL-6 levels were significantly higher in males compared with females with
colorectal cancer. This provides evidence of a possible link between gender and cytokine levels
in patients with colorectal cancer [43].

Recent studies have shown differences of the immune system responds to disease and ther-
apy. T helperl (Th1) and Th2 cytokines (Th1/Th2) have pivotal roles in the homeostasis of
Th1 and Th2 cell network functions in the immune response but sex steroids affect Th1/Th2
production in different ways and a natural sexual dimorphism of the immune response has
been shown. The results show that the interferon y production pathway for immune response
homeostasis is specific to men whilst the IL-6 production pathway for immune response
homeostasis is specific to women. The IL-10 pathway for restoring immune system resting
homeostasis was common to both but was controlled by the respective gender-specific path-
ways [44].
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Latest findings indicate that commensal microbial imbalance (dysbiosis) can trigger DNA
damage response (DDR) activation in host cells, which may result in sustained inflammatory
responses. Therefore, dysbiosis can be seen as an important source of DNA damage agents
that may be partially responsible for the overexpression of NKG2D-Ls on intestinal epithelial
cells that is frequently observed also in patients with disorders associated with altered human
microbiota, including the development of colorectal cancer [45].

The findings of the present study led to the following conclusions:

1. Cryptosporidium spp. infections appeared significantly more often in patients with colorec-
tal cancer, prior to oncological treatment, than in controls, independent of age and sex.

2. Among patients with colorectal cancer, the Cryptosporidium spp. infection was not associ-
ated with the colorectal cancer stage, grade, or location, or with patient age.

3. Male gender was significantly related to an increased frequency of Cryptosporidium spp.
infections, independent of age and the presence of colorectal cancer.

Further investigation is required to determine the temporal and causal relationships
between the development of colorectal cancer and Cryptosporidium spp. infections in humans.

Supporting information

S1 Data. Raw data analyzed in the current manuscript are available in attached “Sulzyc
Bielicka database.xls” file.
(XLS)
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