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Ultrasensitive, quantitative Clostridioides difficile stool toxin 
measurement demonstrated significantly higher 
concentrations of toxins A and B in patients infected with the 
North American pulsed-field gel electrophoresis type 1/ 
ribotype 027 (NAP-1/027) strain compared with other 
strains, providing in vivo confirmation of the in vitro 
association between NAP-1/027 and elevated toxin production.
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The North American pulsed-field gel electrophoresis type 1/ri-
botype 027 NAP-1/027 strain of Clostridioides difficile has been 
associated with global disease outbreaks since the early 2000s 
[1, 2]. The organism has unique pathogenicity features includ-
ing the capacity for robust toxin production and high-level flu-
oroquinolone resistance [3]. Prior in vitro work demonstrated 
approximately 20-fold higher concentrations of C. difficile tox-
ins A and B in NAP-1/027 strain cultures compared with non– 
NAP-1/027 strain cultures [4]. Enhanced toxin production may 
contribute to illness severity associated with the strain, al-
though clinical studies have shown conflicting results, with 
some studies indicating worse clinical outcomes [5] and others 

finding no association [6]. Using ultrasensitive, quantitative as-
says for C. difficile toxins A and B, we sought to evaluate stool 
toxin concentrations in patients infected with NAP-1/027 vs 
non–NAP-1/027 strains and to characterize clinical severity 
and disease outcomes according to strain type.

METHODS

Eligible inpatients at Beth Israel Deaconess Medical Center 
(BIDMC, Boston, MA) and Texas Medical Center Hospitals 
(TMC, Houston, TX) were prospectively enrolled between 22 
June 2016 and 12 July 2019 under protocols approved by the 
institutional review boards at each institution. Patients were 
aged ≥18 years with a positive clinical stool C. difficile nucleic 
acid amplification test (NAAT) result, initiating C. difficile in-
fection (CDI) therapy, and had acute diarrhea [7]. The diagnos-
tic clinical stool sample was captured as a discarded sample.

The study team scored patients using 4 CDI severity scoring 
guidelines (Society for Healthcare Epidemiology of America 
[SHEA]/Infectious Diseases Society of America [IDSA], 
European Society of Clinical Microbiology and Infectious 
Diseases [ESCMID], Zar et al [8], and Belmares et al [9]) and 
noted severe outcomes (intensive care unit [ICU] admission, 
colectomy, or death) and recurrence within 40 days as previ-
ously described [10]. Details of diarrhea assessment, patient ex-
clusion, clinical data collection, and outcome definitions/ 
attributions have been previously published [7].

Eligible stool samples (refrigerated) were aliquoted and fro-
zen at − 80°C within 72 hours of stool sample collection. 
NAP-1/027 testing was performed using the Xpert C. difficile/ 
Epi assay (presumptive NAP-1/027 results reported; performed 
per manufacturer’s recommendation; Cepheid, Sunnyvale, CA) 
and/or culture with polymerase chain reaction (PCR) ribotyp-
ing [11]. For the purposes of this study, presumptive NAP-1/ 
027 results from the Xpert C. difficile/Epi assay were combined 
with the PCR ribotyping data and are reported in aggregate us-
ing the term “NAP-1/027.” All BIDMC samples and 9 of 237 
(3.8%) TMC samples were tested using Xpert, and cycle thresh-
old (Ct) value data (tcdB gene) were captured. All TMC samples 
and 76 of 375 (20.3%) BIDMC samples were tested using PCR 
ribotyping. Toxin A and toxin B were measured using single 
molecule array (Simoa) assays at bioMérieux (Lyon, France) 
[7, 12, 13]. As previously described, a positive toxin result 
was defined as either toxin A or B ≥20 pg/mL (clinical cutoff).

RESULTS

We enrolled 615 patients; 527 patients had strain typing data 
available and were included in this analysis. Demographic 
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and clinical characteristics are shown in Supplementary Table 1. 
There were 72 of 527 patients (13.7%) with NAP-1/027 and 
455 of 527 patients (86.3%) with non–NAP-1/027 strains. 
Patients were equally distributed by sex; mean age was 68 years. 
Race information was available for 498 patients. White patients 
were more likely to have non–NAP-1/027 strains when com-
pared with other races (89.6% vs 79.1%; P= .006). The propor-
tions of patients with the NAP-1/027 strain were similar at 
BIDMC (47 of 374 patients; 12.6%) and TMC (25 of 152 pa-
tients; 16.4%; P= .263).

At baseline, patients with the NAP-1/027 strain were signifi-
cantly more likely to have elevated white blood cell counts (P=
.005), serum creatinine values≥ 1.5 g/dL (P= .024), and lower 
median albumin levels (P= .007) compared with patients with 
non–NAP-1/027 strains. Applying the 2017 IDSA/SHEA C. diffi-
cile guidelines, patients with NAP-1/027 had a greater proportion 
of severe CDI (68.1%) compared with patients with non–NAP-1/ 
027 strains (52.1%; P= .015). Baseline disease severity was also 
higher according to the Zar severity score, but not by the 
Belmares or ESCMID severity scores (Supplementary Table 1).

Baseline stool toxin concentrations were assessed using 
Simoa (see the Methods section). Patients with the NAP-1/ 

027 strain had significantly higher median concentrations of 
toxin A (1329.2 vs 55.5 pg/mL), toxin B (1678.7 vs 66.5 pg/ 
mL), and toxin A+B (5393.1 vs 156.8 pg/mL; all P values 
,.001) and lower median Xpert Ct values for tcdB (median, 
27.3 and range, 22.4–28.9 vs median, 27.5 and range, 24.1– 
32.1; P= .029) when compared with patients with non– 
NAP-1/027 strains (Figure 1, Supplementary Table 1).

Of 72 patients with the NAP-1/027 strain, 18 (25.0%) re-
quired ICU admission; 6 of 72 (8.3%) had ICU admissions pri-
marily attributable to CDI. This was significantly higher than 
for patients with non–NAP-1/027 strains (69 of 455, 15.2% 
ICU admissions, P= .041 and 8 of 455, 1.8% primarily attribut-
able ICU admissions, P= .006, respectively). Colectomy rates 
were low (,2%) and comparable in both groups (P= 1.000). 
The proportion of patients who died within 40 days was higher 
in the NAP-1/027 cohort (16.7% vs 6.2%; P= .006); however, 
there were no statistically significant differences in the propor-
tion of deaths primarily attributed to CDI (P= .092). Using lo-
gistic regression (data not shown), when NAP-1/027 was 
contrasted to an aggregate of all other ribotypes, it was inde-
pendently associated with ICU admission and any severe out-
come primarily attributable to CDI. When adjusted for the 

Figure 1. Dot plots showing the distribution of toxin concentrations (measured by Simoa) and Ct values (measured by Xpert nucleic amplification test) in patients infected 
with the NAP-1/027 strain of Clostridioides difficile (left) and non–NAP-1/027 strains of C. difficile (right). (A) Simoa toxin A concentration. (B) Simoa toxin B concentration. (C ) 
Simoa toxin A plus toxin B concentration. (D) Xpert Ct value for tcdB. The bottom and top edges of the boxes for each cohort indicate the interquartile range, the horizontal line 
bisecting the boxes indicates the median value, and the whiskers represent 5% and 95% values; outliers are represented by circles. Abbreviations: Ct, cycle threshold; NAP-1, 
North American pulsed-field gel electrophoresis type 1; Simoa, single molecule array.
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NAP-1/027 strain, toxin A, toxin B, and Simoa Ct values for 
tcdB were not significantly associated with the severe outcomes. 
The proportion of patients with recurrence was similar in the 
NAP-1/027 cohort (6 of 72; 8.3%) and the non–NAP-1/027 co-
hort (29 of 455; 6.4%; P= .6). CDI treatment, duration of CDI 
treatment, and antimicrobial treatment prior to sample collec-
tion were similar between groups (Supplementary Table 1).

DISCUSSION

The NAP-1/027 strain of C. difficile has been associated with 
disease outbreaks and severe clinical outcomes since the early 
2000s [1, 2]. It has unique features including in vitro resistance 
to fluoroquinolones, a partial deletion of the tcdC gene respon-
sible for downregulation of toxin, production of an additional 
binary toxin, and enhanced in vitro production of toxins A 
and B [3]. Prior to this study, there has been no in vivo quan-
tification of C. difficile toxins A and B in patients infected with 
the NAP-1/027 strain of C. difficile. In this multicenter study of 
2 large, geographically diverse, tertiary care medical centers 
with 527 patients who had C. difficile strain typing data avail-
able, we compared clinical characteristics and stool toxin con-
centrations in those infected with the NAP-1/027 strain vs 
other strain types. We observed substantially higher median 
stool concentrations of C. difficile toxin A (23.9 times higher) 
and toxin B (25.2 times higher) in patients infected with the 
NAP-1/027 strain vs non–NAP-1/027 strains. Prior in vitro 
work evaluated the impact of strain type on toxin levels pro-
duced by C. difficile isolates in culture [4], measuring concen-
trations of toxins A and B using capture enzyme-linked 
immunosorbent assay. NAP-1/027 strains were found to have 
approximately 16 times higher concentrations of toxin A and 
23 times higher concentrations of toxin B when compared 
with control strains. Our study verifies these observations 
and extends that work by quantifying toxin concentrations in 
a real-world scenario, thus providing further evidence that 
NAP-1/027 may be associated with hyperproduction of toxins 
A and B in vivo. One unexpected finding was an uneven distri-
bution of the NAP-1/027 strain across race. It is not clear 
whether these differences are due to differential use of health-
care resources or related to an underlying genetic predisposi-
tion. Future epidemiologic studies may address these 
important questions.

Uncertainty remains as to whether strain type directly im-
pacts clinical severity or disease outcomes in CDI. A prior study 
of 250 CDI patients found no association between CDI severity 
and strain type [6]. This contrasts with research from the 
Centers for Disease Control and Prevention Emerging 
Infections Program on C. difficile surveillance, which noted 
more severe clinical outcomes in patients with NAP-1/027 
strains, even after controlling for comorbidities and advanced 
age [5]. In our study, we observed significant differences in 

laboratory markers of severity and more severe baseline disease 
by some (but not all) severity scores in those with NAP-1/027. 
Among the primarily attributable severe clinical outcomes evalu-
ated, only ICU stay was found to be significantly different in pa-
tients with NAP-1/027 strains. Based on our prior work [7], we 
hypothesized that the increased severity in those with NAP-1/ 
027 infection might be due to increased stool toxin concentra-
tions. However, when compared with other ribotypes, we ob-
served an independent association between NAP-1/027 and 
both ICU admission and any severe outcome primarily 
attributable to CDI. When adjusted for the NAP-1/027 strain, tox-
in A, toxin B, and NAAT Ct values for tcdB were not significantly 
associated with the severe outcomes. This observation raises inter-
esting questions about the pathogenesis of NAP-1 in vivo, includ-
ing whether some of the observed differences may be due to strain 
differences such as the presence of binary toxin. Our study was 
limited by a small sample size of participants with the NAP-1/ 
027 strain (n= 72). This may result in the study being underpow-
ered to detect differences in the severe clinical outcomes within 40 
days and recurrence (see Supplementary Text and Results).

In this study of 527 patients with CDI, we found significantly 
higher stool concentrations of toxins A and B in vivo in patients 
with the NAP-1/027 strain of C. difficile. These findings verify 
prior in vitro data that suggest that hyperproduction of toxin by 
NAP-1 strains and point to a mechanism for strain-specific in-
creased pathogenicity.
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