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Introduction: Nucleotide-binding domain leucine-rich repeat protein (NLRP) is critical in the inflammasome-activation pathway, 
which is important for host survival and the clearance of Clostridioides difficile. Therefore, the influence of NLRP1 polymorphisms on 
C. difficile colonization (CdC) or infection (CDI) was analyzed.
Materials and Methods: A prospective cohort study consisted of hospitalized adults was conducted from January 2011 to 
January 2013. Single nucleotide polymorphisms (SNPs) of NLRP1, including rs12150220, rs2670660, rs6502867, rs878329, 
rs8182352, rs3744717, and rs11078571, were incorporating in analyses. The episodes of CdC and CDI were the primary and 
secondary outcome, respectively.
Results: Of the total of 509 eligible patients, 376 (73.9%) had neither CdC nor CDI, 104 (21.8%) had CdC without developing CDI, 
and 29 (4.3%) developed CDI during the study period. Through multivariate analyses, comorbid diabetes mellitus (adjusted odds ratio 
[AOR] 1.59, P=0.04) and CC genotype in NLRP1 rs3744717 (AOR 1.70, P=0.02) were recognized as the risk factor of CdC. After 
adjusting the independent predictors of CDI, in terms of comorbid diabetes mellitus (AOR 3.18, P=0.005) and prior exposure to 
ceftazidime/ceftriaxone (AOR 2.87, P=0.04) or proton pump inhibitors (AOR 3.86, P=0.001), patients with CC+GC genotype in 
NLRP1, rs878329 (AOR 2.39, P=0.03) remained a higher risk of CDI.
Conclusion: For hospitalized adults, the association of CC genotype in NLRP1 rs3744717 and CdC as well as the CC+GC genotype 
in NLRP1 rs878329 and CDI was respectively evidenced. We believed the prompt identification of patients having specific genotype in 
NLRP1 would prevent and improve the quality of care in CDI.
Keywords: Clostridioides difficile infection, colonization, nucleotide-binding domain leucine-rich repeat protein 1, NLRP1, 
inflammasome, polymorphism

Introduction
Clostridioides difficile is one of the common etiologies of gastrointestinal infections, and can cause a wide spectrum of 
clinical manifestations, ranging from mild diarrhea or pseudomembranous colitis, to toxic megacolon, colon perforation, 
or death.1–8 C. difficile colonization (CdC), though asymptomatic, had been regarded as an important risk factor for 
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C. difficile infection (CDI).1–8 The development of CDI is associated with several host characteristics, especially host 
innate immunity.1,9 Impaired host immunity, which occurs in conditions such as advanced age, the presence of 
comorbidities or polymorphisms of immune genes (such as IL-8 or toll-like receptor) is associated with an increased 
rate of C. difficile infection and disease recurrence.9,10 A critical property of the innate immune system is its ability to 
discriminate microbes from the “self” through the recognition of conserved microbial structures called pathogen- 
associated molecular patterns (PAMPs).11 The receptor-mediated mechanisms important for recognizing PAMP mole
cules involve Toll-like receptors (TLRs) and nucleotide-binding oligomerization domain (NOD)-like receptors (NLRs). 
TLRs are membrane-bound proteins that sense PAMPs on the cell surface or in endosomes. Dissimilarly, NLRs recognize 
microbial molecules in the host cytosol.11

The human NLR family of cytoplasmic proteins contains 22 members, including 14 nucleotide-binding domain 
leucine-rich repeat proteins (NLRPs) and 5 NLRC, 1 NLRX, 1 neuronal apoptosis inhibitory protein (NAIP), and 1 class 
II trans-activator (CITTA) proteins.12 The members of the NLR family are essential during bacterial infection, especially 
those involving in the NLRP pathway,13 which is critical in the activation of inflammasomes that involve the participa
tion of caspase-recruiting domain (ASC), caspase-1, and NLRP.14 Consequently, the activation of inflammasomes lead to 
enhanced IL-18 maturation and secretion.14

During CDI, C. difficile toxins A and B can lead to the release of IL-1 and to neutrophil recruitment via an 
inflammasome-activation pathway that is important for host survival and clearance of bacteria.15 Mice deficient in 
ASC, the adaptor protein in inflammasome assembly and activation, are highly susceptible to CDI.16 The role of the 
NLRP-inflammasome pathway in protective immunity against CDI was noted in a murine model.15,16 Among the NLR 
family members, the NLRP1, NLRP3, and pyrin pathways are critical for an effective immune response during bacterial 
infection.13,17 However, based on our published data, C. difficile induces inflammasome activation by neither the NLRP3 
nor the pyrin inflammasome-dependent pathway.18 Because the role of NLRP1 in inflammasome activation during CDI is 
not clear and single nucleotide polymorphisms (SNPs) of NLRP1 genes reported to regulate inflammasome activation, 
cellular apoptosis, and the innate immune system among Asian populations,17,19 we hypothesized that the SNPs of 
NLRP1 vastly affect the occurrence of CdC or infection. Accordingly, a prospective cohort study was conducted to 
recognize the association between the SNPs of NLRP1 and CdC or CDI among hospitalized adults.

Materials and Methods
Study Design and Patient Selection
The prospective cohort study was conducted in the medical wards of Tainan Hospital, Ministry of Health and Welfare, 
a regional hospital in southern Taiwan, from January 2011 to January 2013. The study was approved by the institutional 
review board of National Cheng Kung University Hospital, Taiwan (approval number: B-ER-101-374), and written 
informed consent was obtained from all patients. The study was conducted in accordance with the Declaration of 
Helsinki. Partial information on this cohort has been published.20

Hospitalized patients aged at least 20 years were included, and within three months prior to the hospitalization, those 
experiencing CDI, receiving metronidazole or oral vancomycin, receiving a colectomy, having gastrointestinal infections 
due to identified pathogens, or lacking blood samples were excluded. The episodes of CdC and CDI were the primary and 
secondary outcomes, respectively. For capturing the outcome in each hospitalization, all the eligible patients had been 
followed-up from the first hospitalization (ie, the hospitalization with the patient inclusion) to the study endpoint (ie, the 
episode of CDI or June 2013).

Data Collection
Using a predetermined record form, medication information within three months prior to the first and index hospitalization (ie, 
the hospitalization with the first diagnosis of CdC or CDI), including antimicrobials, proton pump inhibitors, and H2-receptor 
antagonists, was queried. Clinical information during the initial index hospitalization, including patient demographics, 
nasogastric tube use, laboratory data, and underlying disease, was retrieved from medical records. When the patients were re- 
hospitalized, the observation timeframe was restarted from this readmission time, and stool was collected again.
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The Diagnosis of CdC and CDI
Stool samples of the enrollees were collected within the first 48 hours of each hospitalization and every 7–10 days or at 
the onset of unexplained diarrhea during hospitalization. Immediately, the stool sample was delivered for C. difficile 
cultures within one hour after collection and plated on cycloserine-cefoxitin-fructose agar (CCFA) and cultured under 
anaerobic conditions. Multiplex polymerase chain reaction (PCR) was applied to detect tcdA, tcdB, and tcdC deletion in 
C. difficile isolates, as previously described.21

Diarrhea was defined as a change in bowel habit with three or more unformed stools per day for at least 2 days. 
Asymptomatic toxigenic CdC was defined as the detection of toxigenic C. difficile isolate from stool in the absence of 
diarrhea.22 A patient with tcdB-carrying C. difficile isolated from the feces in the presence of diarrhea without an alternative 
explanation was regarded to have CDI,22 whereas that with the lacking of diarrhea was regarded to have CdC. During the 
study follow-up, patients without the diagnosis of CdC and CDI were categorized as those with neither CdC nor CDI.

The Detection of SNPs in NLRP1 Genes
DNA extraction of blood samples was performed by the Genomic DNA Mini Kit (Geneaid Biotech, Taiwan) according to 
the manufacturer’s instructions. SNPs were detected by the ABI Prism® SNapShot™ Multiplex Kit and the predesigned 
TaqMan® SNP Genotyping Assay (Applied Biosystems, Foster City, CA, USA). SNPs of NLRP1 were selected from the 
SNP databank of National Center for Biotechnology Information (NCBI) for analysis according to two criteria. First, the 
SNPs had been reported to have a high frequency (minor allele frequency [MAF] of >0.05) in Asia in the GenBank® 

nucleic acid sequence database of the National Center for Biotechnology Information (NCBI).23 Second, the SNPs were 
associated with inflammatory or immunological responses. The SNPs of NLRP1 genes, including rs12150220, 
rs2670660, rs6502867, rs878329, rs8182352, rs3744717, and rs11078571, were included due to their linkage in 
regulating inflammasome activation, cellular apoptosis, and the innate immune system.17,19

Statistical Analysis
Statistical analysis was performed by statistical software (SPSS, version 13.0). Continuous data are expressed as the 
means ± standard deviations. The χ2 test or Fisher’s test was used for categorical variables, and the analysis of variance 
(ANOVA) or Student’s t test were used for continuous variables. The parameters with P values of less than 0.1 in the 
univariate analysis were put into the multivariate analysis with a hierarchical logistic regression model. A two-tailed 
P value of less than 0.05 was statistically significant.

Results
The Characteristics of the Cohort Patient
Among 554 hospitalized patients without a prior history of CdC or CDI, ten refused to participate in the study, and 35 had no 
available blood samples. Overall, 509 patients were enrolled (Figure 1). Of them, 281 (55.2%) were male, with an average 
age of 72.9 years, and 359 (70.5%) were nursing home residents. During the study period, 376 (73.9%) patients had neither 
CdC nor CDI, 111 (21.8%) had toxigenic CdC, and 22 (4.3%) without CdC experienced CDI. Of the 111 patients with 
toxigenic CdC, 7 subsequently suffered from CDI, and 104 remained in the status of CdC without evolution to CDI. 
Consequently, CDI was diagnosed in a total of 29 (5.7%) patients during the study follow-up. The crude mortality rates in 
patients with neither CdC nor CDI, those with CdC, and those with CDI were 14.9%, 15.5%, and 17.3%, respectively (P = 
0.94). Their mean period of hospitalization was 30.0, 32.9, and 39.7 days, respectively (P = 0.63).

Clinical Information in the Non-CdC/CDI, CdC, and CDI Groups
As shown in Table 1, the proportion of clinical variable between patients with neither CdC or CDI, those with CdC, and 
those with CDI was almost similar, in terms of patient demographics, comorbidities, and laboratory data. Patients with 
CDI or CdC were more likely to have comorbid diabetes mellitus than those with neither CdC nor CDI were. Compared 
to patients with neither CdC nor CDI, those with CDI or CdC were more likely to have the previous exposure of 
cephalosporins (particularly ceftazidime, ceftriaxone, or cefepime) and proton pump inhibitors (Table 2).
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The SNPs of NLRP1 in the Non-CdC/CDI, CdC, and CDI Groups
In the SNP analysis of NLRP1, the prevalence rate of the AA genotype in rs12150220 was 96.1%, AA in rs2670660 was 64.4%, 
TT in rs6502867 was 91.6%, GG in rs878329 was 64.4%, TT in rs8182352 was 64.4%, and CC in rs3744717 was 34.0%. Patients 
with CdC exhibited the CC genotype in NLRP1 rs3744717 more often than did those with neither CdC nor CDI (Table 3). 
Additionally, a significant difference in the genotype of NLRP1 rs2670660 between CdC and CDI patients was disclosed, and 
a borderline difference in that of NLRP1 rs878329 between CDI patients and patients with neither CdC nor CDI was exhibited.

554 hospitalized patients without 
the CdC or CDI history

10 patients refused enrollment

35 patients had no blood sample available

376 (73.9%) having 
neither CdC nor CDI 

during the study period

29 (5.7%) diagnosed 
with CDI during the 

study period

111 (21.8%) having CdC
during the study period 7 developed CDI

509 included during the first 
hospitalization

Figure 1 The flowchart of patient selection. 
Abbreviations: CdC, Clostridioides difficile colonization; CDI, Clostridioides difficile infection.

Table 1 Comorbidities, Laboratory Data, and the tcdC Deletion in Adults with or Without Toxigenic Clostridioides Difficile 
Colonization (CdC) or Infection (CDI)*

Variables Patient Numbers (%) P value

No CdC/CDI n=376 CdC* n=111 CDI* n=29

Age, years, mean ± SD 72.6 ± 15.9 72.8 ± 13.3 72.1 ± 11.6 0.96
Body-mass index, kg/m2, means ± SD 19.7 ± 4.5 19.6 ± 3.7 18.4 ± 3.5 0.32

Gender, male 211 (56.1) 60 (54.1) 16 (55.2) 0.93

Nursing home residents 260 (69.1) 84 (75.7) 20 (69.0) 0.41
Recent hospitalization within one month before hospitalization 127 (33.8) 32 (28.8) 10 (34.5) 0.61

Comorbidity

Hypertension 188 (50.0) 50 (45.0) 10 (34.5) 0.21
Old stroke 154 (41.0) 36 (32.4) 11 (37.9) 0.27

Diabetes mellitus 115 (30.6) 49 (44.1) 18 (62.1) <0.001
Chronic kidney disease 48 (12.8) 22 (19.8) 6 (20.7) 0.12

Chronic obstructive pulmonary disease 49 (13.0) 14 (12.6) 1 (3.4) 0.32

Congestive heart failure 28 (7.4) 12 (10.8) 4 (13.8) 0.31
Coronary artery disease 31 (8.2) 8 (7.2) 1 (3.4) 0.63

Malignancy 23 (6.1) 9 (8.1) 4 (13.8) 0.26

Liver cirrhosis 5 (1.3) 2 (1.8) 1 (3.4) 0.65
Laboratory data at initial hospitalization

Blood leukocyte, x1000 cells/mL 12.6 ± 6.8 11.5 ± 5.8 12.1 + 6.0 0.26

Serum creatinine, mg/L 2.5 + 16.1 1.8 ± 4.3 1.3 + 0.8 0.86
C. difficile isolates with tcdC deletion - 11/14 (78.6%) 3/4 (75%) 1.00

Notes: *Clinical data were captured during the first hospitalization in patients with neither CdC nor CDI, and during the index hospitalization in those with 
CdC or CDI. Data are expressed as numbers (%), unless indicated specifically. Bold values: of statistical significance. 
Abbreviation: SD, standard deviation.
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Table 2 Previous Medications Within 3 Months Before Hospitalization in Adults with or 
Without Toxigenic Clostridioides Difficile Colonization (CdC) or Infection (CDI)*

Variables Patient Numbers (%) P value

No CdC/CDI CdC* CDI*
n=376 n=111 n=29

Antimicrobials

Cephalosporins 272 (72.3) 93 (83.8) 28 (96.6) <0.001
Cefazolin, iv 14 (3.7) 3 (2.7) 0 0.52
Cefuroxime, iv/o 35 (9.3) 12 (10.8) 1 (3.4) 0.48

Ceftazidime or ceftriaxone, iv 221 (58.8) 74 (66.7) 24 (82.8) 0.02
Cefepime, iv 78 (20.7) 35 (31.5) 11 (37.9) 0.01

Penicillins, iv 127 (33.8) 35 (31.5) 7 (24.1) 0.54

Carbapenem, iv 106 (28.2) 37 (33.3) 13 (44.8) 0.12

Fluoroquinolones, iv/o 21 (5.6) 3 (2.7) 1 (3.4) 0.43
Glycopeptide, iv 60 (16.0) 28 (25.2) 6 (20.7) 0.08

Proton pump inhibitors, iv/o 55 (14.6) 24 (21.6) 12 (41.4) 0.001
H2-receptor antagonists, iv/o 46 (12.2) 21 (18.9) 7 (24.1) 0.06
Steroid, iv/o 90 (23.9) 23 (20.7) 4 (13.8) 0.39

Notes: *Clinical data were captured during the first hospitalization in patients with neither CdC nor CDI, and 
during the index hospitalization in those with CdC or CDI. Data are expressed as numbers (%), unless indicated 
specifically. iv/o = intravenous/oral. Bold values: of statistical significance.

Table 3 Single Nucleotide Polymorphisms of Nucleotide-Binding Domain Leucine- 
Rich Repeat (NLRP) 1 Protein in Hospitalized Adults with or Without Toxigenic 
Clostridioides Difficile Colonization (CdC) or Infection (CDI)

Variables Patient Numbers (%) P value

No CdC/CDI, n=376 CdC, n=111 CDI, n=29

NLRP1, rs12150220 0.64

AA genotype 363 (96.5) 107 (96.4) 27 (93.1)

TT+TA genotype 13 (3.5) 4 (3.6) 2 (6.9)
NLRP1, rs2670660 0.10

AA genotype 236 (62.8) 79 (71.2) a 15 (51.7) a

GG+GA 140 (37.2) 32 (28.8) a 14 (48.3) a

NLRP1, rs6502867 0.79

TT genotype 346 (92.0) 100 (90.1) 27 (93.1)

TG+GG genotype 30 (8.0) 11 (9.9) 2 (6.9)
NLRP1, rs878329 0.21

GG genotype 242 (64.4) b 72 (64.9) 14 (48.3) b

CC+GC genotype 134 (35.6) b 39 (35.1) 15 (51.7) b

NLRP1, rs8182352 0.20

TT genotype 241 (64.1) 73 (65.8) 14 (48.3)

TC+CC 135 (35.9) 38 (34.2) 15 (51.7)
NLRP1, rs3744717 0.02

CC genotype 113 (30.1) 49 (44.1) 8 (27.6)

TC+TT genotype 263 (69.9) 62 (55.9) 21 (72.4)
NLRP1, rs11078571 0.39

TT genotype 189 (50.3) 64 (57.7) 15 (51.7)

AA+TA genotype 187 (49.7) 47 (42.3) 14 (48.3)

Notes: aIndicated a significant difference (P < 0.05) between indicated groups in Chi-Squared Test. bIndicated 
a borderline significant difference (P = 0.08) between indicated groups in Chi-Squared Test. Bold values: of 
statistical significance.
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To overcome the interference of patient double-counting, patients with CdC or CDI were grouped together for the 
further analysis (Supplement Table 1). Similarly, only the CC genotype in NLRP1 rs3744717 remained more common 
among those with CdC or CDI than it was in those with neither CdC nor CDI (45.1% vs 30.1%, P = 0.002).

Independent Predictors of CdC or CDI
In the multivariate analysis, comorbid diabetes mellitus and the CC genotype in NLRP1 rs3744717 were two independent 
determinants of CdC (Table 4). When elucidating the patient characteristics of those with the CC genotype in NLRP1 
rs3744717, they were observed to be older (75.5 ± 13.8 years vs 71.5 ± 15.7 years, P = 0.003) and more often female 
(52.6% vs 40.8%, P = 0.01) than those with the TC+TT genotype were (Supplement Table 2). However, the proportion of 
comorbidities was similar between the two groups.

Through the multivariate analysis, comorbid diabetes mellitus, prior exposure to ceftazidime or ceftriaxone and proton 
pump inhibitors, and the CC+GC genotype in NLRP1 rs878329 were identified as independent risk factors of CDI (Table 4).

Discussion
The major finding in our study is that the presence of the CC genotype in NLRP1 rs3744717 is significantly associated 
with the development of CdC but not CDI, which is suggestive of the possible role of genetic background in the 
establishment of C. difficile intestinal colonization. In contrast, the prior receipt of certain medications (such as 
ceftazidime, ceftriaxone, or proton pump inhibitors) can predispose patients to the occurrence of CDI but not to CdC. 
The latter result is compatible with the observation that asymptomatic colonization with C. difficile is common among 
aged adults and that antibiotic therapy disrupts intestinal microbial composition and facilitates the development of CDI.24

The reported prevalence rate of each genotype among SNPs of NLRP1 in the Han population was 66.1% in the AA 
genotype of rs2670660,25 92.6–94.1% in the TT genotype of rs6502867,26 and 63.8–67.0% in the GG genotype of 
rs878329.26 These data were similar to the prevalence rates of SNP polymorphisms observed in our study. The 
polymorphism of NLRP rs3744717 has been proposed to be related to the increased activation of inflammasomes.17 

Deficiency in inflammasome assembly and activation, which can lead to defects in neutrophil recruitment, has been 
shown to be associated with a higher susceptibility to CDI.16 Therefore, the result that the polymorphism of NLRP1 
rs3744717 was associated with the acquisition of CdC that we observed in our study was reasonable.

Table 4 Independent Variables of Developing Toxigenic Clostridioides Difficile Colonization (CdC) or Infection (CDI), 
Recognized by Multivariate Analyses*

Clinical Variables Adjusted Odds Ratio 95% Confidence Interval P value

C. difficile colonization

Glycopeptide exposure within 3 months before hospitalization 1.51 0.90–2.52 0.12

Comorbidity
Chronic kidney disease 1.35 0.76–2.39 0.31

Diabetes mellitus 1.59 1.02–2.48 0.04
Old stroke 0.69 0.447–1.08 0.11

CC genotype of NLRP1, rs3744717 1.70 1.10–2.63 0.02
C. difficile infection

Previous medication within 3 months before hospitalization
Proton pump inhibitor 3.86 1.70–8.77 0.001
Ceftazidime or ceftriaxone 2.87 1.05–7.88 0.04
H2 blocker 1.73 0.68–4.40 0.25
Carbapenem 1.67 0.74–3.74 0.21

Comorbid diabetes mellitus 3.18 1.41–7.14 0.005
CC+GC genotype of NLRP1, rs878329 2.39 1.07–8.31 0.03

Notes: *Compared with 376 patients with neither CdC nor CDI. Bold values: of statistical significance. 
Abbreviation: NLRP = nucleotide-binding domain leucine-rich repeat.
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Because of data from our published mouse study indicating that C. difficile induced inflammasome activation via neither 
the NLRP3 nor pyrin pathway,18 we focused on the potential effect of the NLRP1 family. In addition to NLRP1, the 
activation of NLRP3 is an alternative pathway for the formation of inflammasomes during CDI, as previously reported.15,16 

In fact, among members of the NLR family, the NLRP1, NLRP3, and pyrin pathways are all critical for effective immune 
responses during bacterial infection.13,17 Therefore, NLRP1 and NLRP3 might both be important in activating the 
inflammasome pathway during CdC and CDI, but the role of NLRP3 polymorphisms remains to be explored.

The host variables disturbing gut microbiota and immune homeostasis and having been regarded as risk factors for CDI 
include antimicrobial exposure,27–32 advanced age,27–29 prior hospitalization,28 diabetes mellitus,33 and usage of proton 
pump inhibitors.29,34,35 Of note, patients with diabetes mellitus had higher rates of C. difficile colonization,36 severe CDI,33 

and recurrent CDI.37 Furthermore, clinical therapy with several classes of antimicrobial agents, particularly third-generation 
cephalosporins,28,29 clindamycin,28,29,38 and fluoroquinolones,29,38 preceded the onset of CDI. Our study provides further 
clinical evidence that supports the presence of underlying metabolic diseases and prior usage of certain unfavorable drugs 
promote the consequences of CdC or CDI. Therefore, improvement of diabetic control and discontinuation of unnecessary 
antimicrobial agents are commonly regarded as indispensable measures in the treatment of patients with CDI.39

There were some limitations to the present work. First, only SNPs of NLRP1 were studied. The pathogenic role of 
polymorphisms of members of other NLR families, such as NLRP3, in the clinical contexts of colonic colonization or 
infection due to C. difficile remains undefined. Second, there were more than 100 cases of CdC, which outnumbered the 
number of CDI cases, and the NLRP1 rs3744717 polymorphism was significantly associated with CdC but not CDI. The 
small sample size of CDI patients may obscure our ability to investigate the impact of SNP of NLRP1. Third, we 
arbitrarily defined the presence of diarrhea as the indicator of CDI among those with CdC. Without further etiological 
investigations, multiple causes of diarrhea among the elderly render the overestimation of the prevalence of CDI 
possible. Fourth, although the enrollees were monitored for the appearance of CdC or CDI during hospitalization, the 
events occurring outside the hospital were missed. Fifth, the ribotypes or genetic classifications of C. difficile strains 
causing CDI or CdC were not examined. The variations in the pathogenic capability and temporal distribution of different 
ribotypes may lead to complex interactions between microbiological and host variables. Finally, the function of these 
NLRP SNPs was not analyzed, and the implications of these SNPs need further evaluations.

In conclusion, the association of SNP in NLRP1 and CdC or CDI has been discovered herein. However, with the 
acknowledgement of several limitations of the present study conducted among the Han population in a single center, the 
implications of the results should be extremely cautious before an external validation among non-Taiwanese populations 
is completed. In the future, the biological role of NLRP1 or other NLRP family in the clinical scenario of the occurrence 
of CdC or CDI events is warranted to be analyzed.
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