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Clostridioides difficile infection (CDI) is a major cause 
of illness and death worldwide (1,2). The Centers 

for Disease Control and Prevention (CDC) classifies 
CDI as an urgent public health threat (3). In the CDC 
Emerging Infections Program (EIP), the CDI incidence 
in persons >50 years of age was 255/100,000 popula-
tion in 2019, and the hospitalized CDI incidence in 
this age group was 140/100,000 population (4).

CDI incidence estimates derived from public 
health surveillance rely on standard-of-care (SOC) stool  

specimen collection and CDI testing practices. Labora-
tory testing using only a PCR  nucleic acid amplifica-
tion test (NAAT), which tests for the presence of the 
toxin gene without testing for the presence of free toxin, 
might misdiagnose a patient with C. difficile carriage as 
a CDI case-patient and thereby result in overestima-
tion of the CDI incidence (5,6). NAAT-alone testing is 
commonly used by the laboratories in the EIP surveil-
lance sites (4); 47% of CDI cases identified in 2017 were 
diagnosed by a laboratory that used NAAT-alone test-
ing (7). Conversely, SOC practices might fail to collect 
or appropriately test a stool specimen from a person 
with diarrhea and thereby underdiagnose CDI, which 
will result in underestimation of CDI incidence (8–11).
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Although Clostridioides difficile infection (CDI) incidence is 
high in the United States, standard-of-care (SOC) stool col-
lection and testing practices might result in incidence over-
estimation or underestimation. We conducted diarrhea sur-
veillance among inpatients >50 years of age in Louisville, 
Kentucky, USA, during October 14, 2019–October 13, 2020; 
concurrent SOC stool collection and CDI testing occurred 
independently. A study CDI case was nucleic acid amplifi-
cation test‒/cytotoxicity neutralization assay‒positive or nu-
cleic acid amplification test‒positive stool in a patient with 

pseudomembranous colitis. Study incidence was adjusted 
for hospitalization share and specimen collection rate and, 
in a sensitivity analysis, for diarrhea cases without study 
testing. SOC hospitalized CDI incidence was 121/100,000 
population/year; study incidence was 154/100,000 popula-
tion/year and, in sensitivity analysis, 202/100,000 popula-
tion/year. Of 75 SOC CDI cases, 12 (16.0%) were not study 
diagnosed; of 109 study CDI cases, 44 (40.4%) were not 
SOC diagnosed. CDI incidence estimates based on SOC 
CDI testing are probably underestimated.
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Incidence estimates are essential for evaluating 
the need for public health interventions aimed at re-
ducing the CDI burden. We conducted a population-
based study to determine CDI incidence and to eval-
uate the potential effect of misdiagnosis caused by 
SOC specimen collection and testing practices on CDI 
incidence estimates in Louisville, Kentucky, USA.

Methods

Study Design, Population, and Setting
Study staff conducted daily, prospective, active sur-
veillance for incident diarrhea cases (>3 stools with 
Bristol scale >5 in previous 24 hours) among eligible 
inpatients (Louisville residents >50 years of age) by 
visiting inpatients, reviewing medical charts, and 
meeting with nursing staff. Surveillance was con-
ducted on all 119 wards (including 26 intensive care 
units [ICUs]) at 8 of 9 Louisville adult hospitals from 
October 14, 2019, through October 13, 2020, with a 
surveillance pause during April 12, 2020–August 
16, 2020 because of hospital restrictions enacted in 
response to COVID-19. Participating hospitals had 
84.4% (2,596/3,077) of the Louisville adult hospital 
beds. Population demographics of Louisville and the 
United States are similar (12).

Study and SOC-Related Procedures
All eligible inpatients with incident diarrhea were 
invited to participate in the study. After written in-
formed consent was obtained, a study stool speci-
men was collected by study staff from inpatients with 
diarrhea and screened by using C. Diff Quik Chek 
Complete , a rapid, membrane, enzyme-linked im-
munosorbent assay (Alere Techlab, https://www.
techlab.com) (13). Before the COVID-19 pause, study 
stool specimens that were glutamate dehydrogenase 
(GDH)–positive or GDH-negative/toxin-positive 
were sent to the Pfizer laboratory in Pearl River, 
New York, USA, for NAAT and, if NAAT positive, 
for automated cell cytotoxicity neutralization assay 
(CCNA) testing. CCNA testing at the Pfizer labora-
tory has been validated to provide specific, sensitive, 
and reproducible results to support CDI clinical and 
epidemiology studies (14).

After the pause, all study specimens were tested by 
Quik Chek and sent to the Pfizer laboratory for NAAT 
and CCNA testing. Shipped specimens were frozen on 
dry ice (replenished daily) and stored, upon receipt, 
in −80°C freezers. Throughout the study, patients 
with GDH-positive or GDH-negative/toxin-positive 
specimens were followed up by study staff for 90 
days to determine outcomes, and SOC stool specimen 

collection by hospital staff occurred in parallel and 
independent of study procedures. For SOC CDI 
testing at the 8 participating hospitals, 2 used Quik 
Chek only, 5 used Quik Chek with NAAT of Quik 
Chek discordant specimens (but during the study, 1 
changed to NAAT-alone testing and 1 to NAAT with 
toxin enzyme-linked immunosorbent assay testing 
of NAAT-positive), and 1 used NAAT-alone test-
ing. Actual SOC test results (i.e., NAAT-positive or 
NAAT-negative) were provided to clinicians. For our 
analysis, we defined NAAT-positive/toxin-negative 
as SOC C. difficile carriage.

Study Case Definition and Classification
A study CDI case-patient was a patient who had a 
NAAT-positive/CCNA-positive specimen or a patient 
who had a NAAT-positive specimen and pseudomem-
branous colitis (PMC). A CDI recurrent case was the 
occurrence of diarrhea <56 days after resolution of a 
previous case of diarrhea. A primary CDI case was 
a nonrecurrent CDI case. CDI in hospitalized case-
patients was classified as hospital-onset (i.e., positive 
stool specimen collected >3 days after admission), 
community-onset (i.e., positive stool specimen collect-
ed in an outpatient setting or <3 days after admission), 
healthcare-associated (i.e., positive stool specimen in a 
person with hospital-onset or in a person with commu-
nity-onset with a documented overnight stay in the 12 
weeks before stool specimen collection), or communi-
ty-associated (i.e., positive stool specimen in a person 
with community-onset with no documented overnight 
stay before the current admission in the 12 weeks be-
fore stool specimen collection) (15).

Comparisons among Study and SOC Inpatients  
with Diarrhea
We reviewed medical records to compare the char-
acteristics of inpatients with diarrhea who were en-
rolled and not enrolled in the study and to compare 
the characteristics of enrolled inpatients with diar-
rhea who had and did not have a study CDI test. We 
used χ2 tests (for categorical or binary variables) and 
t-tests (for continuous variables) to evaluate differ-
ences between the groups by using SAS Studio 3.71 
(https://www.sas.com).

We compared laboratory results of study and 
SOC specimens collected from inpatients with diar-
rhea to determine the frequency of discordant results 
indicating SOC laboratory testing CDI overdiagnosis 
or underdiagnosis compared with study testing. We 
used laboratory results of specimens from inpatients 
with diarrhea who had a study specimen tested but 
did not have a SOC specimen collected to determine 
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the frequency of SOC CDI underdiagnosis caused by 
lack of SOC specimen collection. We compared labo-
ratory results of specimens collected after the pause 
from inpatients with diarrhea who had a study speci-
men screened by GDH and tested by NAAT to deter-
mine the negative predictive value (NPV) of the GDH 
test compared with the NAAT.

Estimation of Population-Based Hospitalized  
CDI Incidence
We estimated population-based hospitalized CDI in-
cidence among Louisville residents >50 years of age 
(n = 276,456), >65 years of age (n = 127,864), and >75 
years of age (n = 51,509) after adjusting the number of 
study CDI cases for the percentage of Louisville adult 
hospital beds that were present in the nonparticipat-
ing hospital (multiplying by the inverse of the per-
centage of Louisville beds in participating hospitals 
[84.4%]) and for the percentage of inpatients with di-
arrhea who did not have a study specimen collected 
(multiplying by the inverse of percentage of partici-
pants with specimen collected [67.9%]). In a sensitiv-
ity analysis, we adjusted further the number of study 
CDI cases for specimens that were NAAT positive 
but with quantity not sufficient (QNS) for CCNA test-
ing (multiplying by the inverse of the percentage of 
NAAT positive with CCNA testing [93.3%]) and, us-
ing the NPV of the GDH test compared with NAAT, 
for specimens that were not tested by NAAT (multi-
plying by the inverse of NPV [93.8%]).

Ethics
This study was approved by the institutional review 
boards at each hospital. It was also conducted in ac-
cordance with the study protocol.

Results

Study and SOC Incident CDI Cases
Study staff identified 1,541 incident diarrhea cases 
among 85,719 patient-days before the COVID-19 pause 
(Figure 1). SOC specimens were collected from 680 in-
patients with diarrhea, for a SOC CDI testing density 
of 79.3/10,000 patient-days. Study specimens were col-
lected from 1,047 (67.9%) inpatients with diarrhea, for a 
study CDI testing density of 122.1/10,000 patient-days; 
the study enrollment rate was 83.3% (1,283/1,541) and 
the specimen collection rate among enrolled partici-
pants was 81.6% (1,047/1,283) (Table 1). Patient trans-
fer or discharge was the main reason that a specimen 
was not collected from all enrolled participants. Study 
staff identified 319 incident diarrhea cases among 
27,373 patient-days after the COVID-19 pause. After 

the pause, study specimens were collected from 144 in-
patients with diarrhea for a study CDI testing density 
of 52.6/10,000 patient-days; the study enrollment rate 
was 59.6% (190/319), and the specimen collection rate 
was 75.8% (144/190) (Figure 2).

Before the pause, 222 specimens were sent to the 
Pfizer laboratory after Quik Chek testing (74 GDH-
positive/toxin-positive, 146 GDH-positive/toxin-
negative, and 2 GDH-negative/toxin-positive); 163 
(74.8%) were NAAT-positive. Of the NAAT-positive 
specimens, 103 (63.2%) were CCNA-positive, 49 
(30.1%) were CCNA-negative, and 11 (6.7%) were 
QNS for CCNA testing. Of 103 NAAT-positive/
CCNA-positive cases, 99 (96.1%) were primary CDI 
cases, and of the 49 NAAT-positive/CCNA-negative 
cases, 10 (20.4%) were primary CDI cases (7 had PMC 
and 3 had a specimen collected during the 90-day 
follow-up period that was NAAT-positive/CCNA-
positive), for a total of 109 study-identified primary 
CDI cases. Before the pause, SOC testing identified 
128 CDI cases, of which 126 were primary CDI cases 
(15 were identified by NAAT alone). After the pause, 
study testing identified 10 primary CDI cases, and 
SOC testing identified 22 primary CDI cases.

CDI Misdiagnosis by SOC
An SOC specimen and a study specimen were col-
lected and tested from 145 cases before the pause, 
of which 7 were recurrent CDI cases, yielding 138 
for the evaluation of SOC misdiagnosis; of those 
cases, 75 (54.3%) were SOC primary CDI cases and 
79 (57.2%) were study primary CDI cases (Table 2). 
Of 75 SOC primary CDI cases, 12 (16.0%) were not 
study-diagnosed as CDI cases; 6 NAAT-positive/
CCNA-negative (SOC testing: 3 GDH-positive/tox-
in-positive/NAAT-positive and 3 NAAT-positive/
toxin-positive) and 6 NAAT-negative (SOC testing: 
3 GDH-positive/toxin-positive/NAAT-positive and 
3 GDH-positive/toxin-positive). Of 79 study pri-
mary CDI cases, 16 (20.3%) were not SOC-diagnosed 
as CDI cases; SOC test results for those 16 were 13 
NAAT-positive/toxin-negative, 2 NAAT-negative, 
and 1 GDH-negative/toxin-negative. In addition, 
70 case-patients before the pause had a study speci-
men tested but without a SOC specimen collected; 
of those, 28 were study primary CDI case-patients. 
Therefore, 44 study-diagnosed primary CDI cases 
were not SOC diagnosed: 16 (36.4%) SOC-undiag-
nosed after SOC testing and 28 (63.6%) SOC-undi-
agnosed because of lack of specimen collection. Of 
28 study-diagnosed CDI case-patients who were not 
SOC diagnosed because of lack of specimen collec-
tion, 11 (39.3%) were taking laxatives.
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Characteristics of Inpatients with Study-Diagnosed 
and SOC-Diagnosed CDI
The median age of the 109 study inpatients with pri-
mary CDI identified before the pause was 72 (range 
50–98) years. A total of 63 (57.8%) were women. 
Based on the diarrhea onset date, 23 (21.1%) were 
community-onset and community associated and 86 
(78.9%) were healthcare associated; of the healthcare-
associated cases, 55 (64.0%) were community-onset 
and 31 (36.0%) were hospital-onset. Of the 109 study 
patients with primary CDI, 18 (16.5%) had PMC, 36 

(33.0%) were admitted to an ICU, and 21 (19.3%) died 
within 90 days of CDI diagnosis. The median patient 
age among the CDI cases who died was 78 (range 
56–95) years.

Characteristics of 44 study-diagnosed but 
SOC-undiagnosed inpatients who had primary 
CDI before the pause and the 126 SOC-diagnosed 
inpatients who had primary CDI before the pause 
were similar except that the SOC-undiagnosed in-
patients who had CDI were more likely to be hos-
pital-onset CDI case-patients and less likely to have 

Figure 1. Incident diarrhea cases and testing of stool specimens among inpatients ≥50 years of age in Louisville, Kentucky, USA, before 
the COVID-19 pause in study of misdiagnosis of CDI by SOC specimen collection and testing among hospitalized adults, October 
14, 2019–April 11, 2020. CCNA, cell culture cytotoxicity neutralization assay; CDI, Clostridioides difficile infection; NAAT, nucleic acid 
amplification test; PMC, pseudomembranous colitis; QNS, quantity not sufficient; Quik Chek, C. Diff Quik Chek Complete (Alere Techlab, 
https://www.techlab.com); SOC, standard-of-care.
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PMC (Table 3). Of the 19 study-diagnosed but SOC-
undiagnosed hospital-onset CDI cases, 16 (84%) 
were SOC-undiagnosed because an SOC specimen 
was not collected. On the basis of the 109 study-
diagnosed primary CDI cases before the pause, 
SOC practices underdiagnosed 40.4% (44/109) of 
the study-diagnosed primary CDI cases. Because 
SOC overdiagnosed 16.0% of the study-diagnosed 
primary CDI cases and underdiagnosed 40.4% of 
study-diagnosed primary CDI cases, SOC testing 

identified 24.4% fewer primary CDI cases than did 
the study.

After the pause, study specimens from 142 cases 
were screened by Quik Chek and tested by NAAT; of 
the 113 GDH-negative/toxin-negative specimens, 106 
(93.8%) were NAAT-negative. Therefore, the NPV of 
the Quik Chek GDH test compared with NAAT was 
93.8%, indicating that an estimated 6.2% of NAAT-
positive specimens might have been missed because of 
the screening used during the pre–COVID-19 period.

Figure 2. Incident diarrhea cases and testing of stool specimens 
among inpatients ≥50 years of age in Louisville, Kentucky, USA, 
after the COVID-19 pause in study of misdiagnosis of CDI by SOC 
specimen collection and testing among hospitalized adults, August 
17, 2020–October 13, 2020. CCNA, cell culture cytotoxicity 
neutralization assay; CDI, Clostridioides difficile infection; NAAT, 
nucleic acid amplification test; QNS, quantity not sufficient; Quik 
Chek, C. Diff Quik Chek Complete (Alere Techlab, https://www.
techlab.com); SOC, standard-of-care.

 
Table 1. Hospital-based incidence of diarrhea, enrollment rates, stool collection rate, and CDI testing density in participating hospitals 
before the COVID-19 pause in study of misdiagnosis of CDI by SOC specimen collection and testing among hospitalized adults, 
Louisville, Kentucky, USA, October 14, 2019–April 11, 2020* 

Hospital† 

No. adult 
hospital 

beds 

Surveillance 
initiation date, 

2019 

No. eligible 
patient-days 

of 
surveillance 

No. 
incident 
diarrhea 
cases 

identified 
Diarrhea 

incidence‡ 

No. (%) 
incident 
diarrhea 
cases 

enrolled 

No. (%) study 
stool 

specimens 
collected from 
enrolled cases 

Study CDI 
stool 

specimen 
testing 
rate, % 

Study CDI 
testing 

density§ 
A  671 Oct 14 19,166 195 101.7 163 (83.6) 123 (75.5) 63.1 64.2 
B  377 Oct 14 16,252 328 201.8 282 (86.0) 259 (91.8) 79.0 159.4 
C  367 Oct 14 11,658 247 211.9 208 (84.2) 183 (88.0) 74.1 157.0 
D  348 Oct 14 8,723 143 163.9 122 (85.3) 98 (80.3) 68.5 112.3 
E 336 Nov 4 11817 281 237.8 218 (77.6) 133 (61.0) 47.3 112.5 
F  200 Dec 23 4,256 41 96.3 32 (78.0) 21 (65.6) 51.2 49.3 
G  170 Nov 4 5,754 146 253.7 120 (82.2) 98 (81.7) 67.1 170.3 
H  127 Oct 14 8,093 160 197.7 138 (86.3) 132 (95.7) 82.5 163.1 
Total 2,596 Oct 14–Dec 23 85,719 1,541 179.8 1,283 (83.3) 1,047 (81.6) 67.9 122.1 
*CDI, Clostridioides difficile infection; SOC, standard-of-care.  
†Participating hospitals are listed in descending order of the number of adult hospital beds. 
‡Cases per 10,000 patient-days. 
§Tests per 10,000 patient-days. 
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Comparisons among Study and SOC Inpatients  
with Diarrhea
A review of the medical records of inpatients with 
diarrhea before the pause (Table 4) indicated that pa-
tients who were enrolled and those not enrolled had 
similar demographics and medical histories, except 
enrolled patients were more likely to be women and 
less likely to die in the 90 days after diarrhea onset. 
Among diarrhea case-patients who were enrolled 
(Table 5), patients with and without a stool specimen 
collected for CDI testing had similar demographics 
and medical histories, except that those who had a 
stool specimen collected were less likely to be Black 
and more likely to have taken antimicrobial drugs in 
the previous 3 months.

Population-Based Hospitalized CDI Incidence
The study incidence was 154 hospitalized CDI cas-
es/100,000 population/year and the SOC incidence 
was 121 hospitalized CDI cases/100,000 population/

year for persons >50 years of age before the pause. The 
study hospitalized CDI incidence was 226/100,000 
population/year for persons >65 years of age and 
334/100,000 population/year for persons >75 years 
of age. In the sensitivity analysis adjusted for CCNA 
QNS and for stool specimens that were not NAAT/
CCNA tested because of the GDH screen, the study 
incidence was 202 hospitalized CDI cases/100,000 
population/year for persons >50 years of age, 296 
hospitalized CDI cases/100,000 population/year for 
persons >65 years of age, and 438 hospitalized CDI 
cases/100,000 population/year for persons >75 years 
of age.

Discussion
In a comprehensive population-based surveillance 
study of diarrhea among hospitalized patients in the 
United States, including a high stool specimen CDI test-
ing density and rigorous laboratory testing, we identi-
fied high incidence of CDI among hospitalized persons 

 
Table 2. SOC misdiagnosis caused by SOC laboratory testing after excluding recurrent CDI cases in study of misdiagnosis of CDI by 
SOC specimen collection and testing among hospitalized adults, Louisville, Kentucky, USA, October 14, 2019–April 11, 2020* 
SOC CDI test results No. study primary CDI cases No. not study primary CDI cases Total 
SOC primary CDI cases 63 12 75 
SOC C. difficile carriage 13 17 30 
Not SOC primary CDI cases 3 30 33 
Total 79 59 138 
*CDI, Clostridioides difficile infection; SOC, standard-of-care. 

 

 
Table 3. Comparison between SOC-diagnosed primary CDI cases (n = 126) and study-diagnosed but not SOC-diagnosed primary CDI 
cases (n = 44) in study of misdiagnosis of CDI by SOC specimen collection and testing among hospitalized adults, Louisville, 
Kentucky, USA, October 14, 2019–April 11, 2020* 

Characteristic 
SOC-diagnosed primary CDI 

cases, n =126 
Study-diagnosed but not SOC-

diagnosed primary CDI cases, n = 44† p value 
Demographics    
 Median age, y, (IQR) 73 (61‒81) 67 (59‒76) 0.13 
 Female sex 74 (58.7) 27 (61.4) 0.76 
Signs and symptoms    
 Fever 11 (9.1) 6 (13.6) 0.40 
 Nausea 38 (34.5) 11 (25.5) 0.29 
 Abdominal cramping 19 (19.2) 5 (12.8) 0.37 
 Dehydration 13 (12.5) 2 (5.3) 0.21 
Location of diarrhea onset    
 Hospital-onset‡  22 (17.5) 19 (43.2) <0.01 
Medical history    
 Dementia 14 (11.1) 4 (9.1) 0.71 
 Cancer 42 (33.3) 11 (25.0) 0.30 
 Congestive heart disease 41 (32.5) 23 (52.3) 0.02 
 Pneumonia 33 (26.2) 13 (29.5) 0.67 
 Inflammatory bowel disease 17 (13.5) 3 (6.8) 0.24 
 Diabetes 47 (37.3) 21 (47.7) 0.22 
Medical course    
 Recurrence 4 (3.2) 0 (0) 0.23 
 PMC 26 (20.8) 0 (0) <0.01 
 Transferred to ICU 36 (28.6) 18 (40.9) 0.13 
 Death at 90 days 20 (15.9) 7 (15.9) 1.00 
*Values are no. (%) except as indicated. CDI, Clostridioides difficile infection; ICU, intensive care unit; IQR, interquartile range; PMC, pseudomembranous 
colitis; SOC, standard-of-care.  
†Includes 28 study-diagnosed primary CDI cases that did not have SOC testing and 16 study-diagnosed primary CDI cases that had SOC testing but 
were not SOC-diagnosed primary CDI cases. 
‡Defined as onset of diarrhea ≥3 days after hospital admission. 
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>50 years of age, with frequent severe clinical conse-
quences. Among inpatients hospitalized with primary 
CDI identified before the COVID-19 pandemic, almost 
one fifth had PMC, one third were admitted to an ICU, 
and one fifth died in the 90 days after diagnosis. When 
adjusted for the diarrhea case-patients without a study 
CDI test result, the incidence was 202 hospitalized pri-
mary CDI cases per 100,000 persons >50 years of age 
per year, which is 44% higher than the incidence of 140 
hospitalized CDI cases per 100,000 persons >50 years 
of age per year that were reported in the CDC EIP CDI 

surveillance system in 2019 (4). The study also found 
24.4% more hospitalized primary CDI case-patients 
than were found by independent SOC CDI testing of 
the same diarrhea cases.

Public health surveillance systems, including EIP 
surveillance, rely on SOC CDI stool collection and 
testing practices. However, results from this study 
indicate that public health surveillance systems prob-
ably underestimate the incidence of hospitalized  
patients who have CDI. There are 112 million persons 
>50 years of age in the United States, and results from 

 
Table 4. Comparison between enrolled and nonenrolled incident diarrhea cases before the COVID-19 pause (n = 1,490) in study of 
misdiagnosis of CDI by SOC specimen collection and testing among hospitalized adults, Louisville, Kentucky, USA, October 14, 2019–
April 11, 2020* 
Characteristic Enrolled, n = 1,249 Nonenrolled, n = 241 p value 
Demographics 

   

 Median age, y 68  68  NA 
 Female sex 737 (59) 119 (49) <0.01 
 Black 297 (24) 62 (26) 0.52 
Medical history 

   

 Heart disease 638 (51) 131 (54) 0.35 
 Cancer 371 (30) 57 (24) 0.06 
 Stroke 235 (19) 41 (17) 0.51 
 Dementia 85 (7) 27 (11) 0.02 
 Antimicrobial drug use in past 2 weeks 370 (30) 74 (31) 0.74 
Admission diagnosis    
 Heart disease 131 (10) 26 (11) 0.89 
 Respiratory disease 105 (8) 21 (9) 0.88 
 Pneumonia 95 (8) 20 (8) 0.71 
 Nervous system disease 61 (5) 21 (9) 0.02 
Medical course    
 Transferred to ICU 297 (24) 73 (30) 0.03 
 Death in 90 days 152 (12) 53 (22) <0.01 
*Values are no. (%) except as indicated. Surveillance ascertained 1,541 incident diarrhea cases. Medical record review was conducted at 7 of 8 
participating hospitals. Hospital F, where 41 incident diarrhea cases were ascertained, did not participate in medical record review. Data from 10 medical 
records at hospitals A–E, G, and H were not available for this analysis. Data are presented in descending order, where applicable, of Enrolled column. 
CDI, Clostridioides difficile infection; ICU intensive care unit; NA, not applicable; SOC, standard-of-care. 

 

 
Table 5. Comparison between inpatients who had a stool specimen collected for CDI testing and inpatients who did not among 
incident diarrhea cases enrolled before COVID-19 pause (n = 1,283) in study of misdiagnosis of CDI by SOC specimen collection and 
testing among hospitalized adults, Louisville, Kentucky, USA, October 14, 2019–April 11, 2020* 

Characteristic 
Study stool specimen 
collected, n = 1,047 

Study stool specimen  
not collected, n = 236 p value 

Demographics 
   

 Median age, y (IQR) 68 (61–78) 67.5 (60–77) 0.46 
 Female sex 595 (56.8) 146 (61.9) 0.16 
 Black 218 (21.5) 81 (34.8) <0.01 
 Hispanic 18 (1.8) 2 (0.9) 0.33 
Signs and symptoms 

   

 Abdominal pain 283 (28.7) 53 (23.8) 0.14 
 Fever 109 (10.7) 18 (7.8) 0.18 
 Blood or pus in stool 90 (9.3) 20 (9.0) 0.91 
Medical history 

   

 Overnight stay in healthcare facility in previous 12 weeks 615 (60) 150 (63.8) 0.39 
 Diabetes 432 (41.5) 91 (38.9) 0.46 
 Antimicrobial drug use in previous 3 months 387 (39.2) 63 (26.9) < 0.01 
 Cancer 313 (30.2) 59 (25.1) 0.12 
 Congestive heart disease 305 (29.3) 64 (27.2) 0.53 
 CDI in past 5 years 66 (7.5) 18 (8.1) 0.76 
 Dementia 76 (7.3) 14 (5.9) 0.46 
 Inflammatory bowel disease 65 (6.3) 10 (4.3) 0.26 
 Hemiplegia/quadriplegia 54 (5.2) 8 (3.4) 0.25 
*Values are no. (%) except as indicated. Data are presented in descending order of Study stool specimen collected column. Values of missing or 
unknown were excluded from percentage and p value calculations. CDI, Clostridioides difficile infection; IQR, interquartile range; SOC, standard-of-care. 
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our study indicate that at least 226,000 persons in that 
age group are hospitalized with CDI each year in the 
United States, rather than the 160,000 estimated by 
EIP surveillance (4).

The effect of SOC specimen collection and test-
ing practices on CDI incidence has been frequently 
discussed (5,6,8–11). SOC testing can result in overdi-
agnosis of CDI and overestimation of CDI incidence, 
if SOC testing practices misidentify C. difficile car-
riage as CDI. Concerns have been raised about use 
of NAAT alone for CDI diagnosis because a NAAT-
positive specimen only indicates the presence of toxi-
genic C. difficile and does not identify the presence of 
toxin (5,6). Those concerns have led to guidance in 
Europe to use 2-step testing with the first step deter-
mining the presence of toxin, the toxin gene, or C. dif-
ficile and positive specimens tested in the second step 
so that results of the 2 steps confirm the presence of C. 
difficile and the presence of free toxin (16,17).

NAAT alone is commonly used in clinical labo-
ratories in the United States (4,7), where the guid-
ance supports use of NAAT alone if there are institu-
tional criteria for patient stool submission (18). The 
frequent use of NAAT alone in the United States 
means that CDI incidence could be overestimated. 
However, results from this study indicate that SOC 
CDI testing practices, when compared with com-
prehensive and rigorous NAAT and CCNA testing, 
result in CDI overdiagnosis less frequently than 
CDI underdiagnosis. Therefore, CDI overdiagnosis 
caused by SOC practices is unlikely to result in over-
estimation of CDI incidence in public health surveil-
lance in the United States.

SOC CDI underdiagnosis can result from either 
misdiagnosis by laboratory testing or lack of speci-
men collection. Of the instances of SOC CDI under-
diagnosis in our study, 36.4% occurred when study 
testing diagnosed CDI but SOC testing did not, and 
63.6% occurred when SOC did not collect a specimen. 
Perhaps not surprisingly, because guidelines recom-
mend against CDI testing of patients who had re-
ceived a laxative within the preceding 48 hours (18), a 
high percentage (39.3%) of the study-diagnosed CDI 
case-patients who were not SOC-diagnosed because 
of lack of specimen collection were receiving laxa-
tives. We found that SOC-diagnosed CDI cases were 
less likely to be hospital-onset cases than study-diag-
nosed (but SOC-undiagnosed) cases, perhaps reflect-
ing less willingness to diagnosed hospital-onset CDI, 
which might be associated with penalties for having 
an increased incidence of hospital-onset CDI cases.

We also found that a higher percentage of 
study-identified primary CDI cases were healthcare- 

associated cases (78.9%) than as reported in EIP sur-
veillance (48%) during 2019 (4), a difference that is, in 
part, related to the higher percentage of hospital-onset 
cases in our study. Other investigators have reported 
on CDI underdiagnosis from not collecting specimens 
and the resulting effect on CDI incidence estimates 
(8–11). Because clinical judgment can identify pa-
tients with diarrhea who are more likely to have CDI, 
clinical judgment should be the most essential factor 
in deciding when to collect a specimen from a patient 
with diarrhea. The objective of this study was not to 
suggest when CDI testing is appropriate but to illu-
minate that CDI underdiagnosis probably results in 
underestimation of the CDI incidence in public health 
surveillance in the United States.

The strength of this study was that we conduct-
ed active surveillance for incident diarrhea cases and 
collected specimens from inpatients with diarrhea, in 
parallel with (and independent of) SOC specimen col-
lection and testing. Surveillance, patient informed con-
sent, and study specimen collection were conducted by 
designated study staff, independent of hospital staff, to 
reduce the influence on SOC practices. The extent to 
which the study influenced SOC practices is unknown, 
but the study might have increased awareness of CDI 
and increased SOC CDI testing. Use of the independent 
study staff resulted in high enrollment and specimen 
collection rates, which resulted in a small percentage 
of inpatients with diarrhea not having a study speci-
men collected for CDI testing. Another strength of this 
population-based study was that it was conducted in 
Louisville, Kentucky, which has been shown to be rep-
resentative of the United States (12).

Surveillance for the study was interrupted after 
6 months because of hospital-enacted COVID-19 re-
strictions. After a 4-month pause, surveillance was 
reinstated, but access to patients remained restricted, 
which resulted in a decrease in the study enrollment 
rate. After reinstatement of surveillance, most of the 
hospitalized patients were admitted for treatment of 
COVID-19, resulting in a different inpatient popula-
tion than that for the prepandemic period. Therefore, 
we restricted our analysis estimating the population-
based hospitalized CDI incidence and the extent of 
SOC CDI misdiagnosis to the data collected before 
the COVID-19 pause. The only data collected after 
the pause that were used in the incidence estimates 
were for the determination of the NPV of the GDH 
test compared with the NAAT, an evaluation that 
was unlikely to be affected by differences in the inpa-
tient populations.

Limitations of this study include that, despite the 
intense active surveillance, incident diarrhea cases 
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might have been undetected, and the incidence esti-
mates are based only on 6 months of surveillance. Al-
though minor seasonal variation of hospitalized CDI 
incidence has been reported in the United States (19), 
there was limited variation in the monthly CDI inci-
dence during this study (data not shown). A study 
limitation is that, when assessing CDI misdiagnosis 
by SOC testing, study and SOC specimen collection 
were independent, and therefore the same specimen 
was not tested by both methods; this limitation is 
most evident with SOC overdiagnosed cases, some 
of which might have been CDI cases. Another study 
limitation is that a specimen was not available for 
study CDI testing from all inpatients with diarrhea 
for various reasons.

Furthermore, insufficient stool was available 
for CCNA testing for some of the study speci-
mens collected. Another reason was that the NPV 
of the GDH screening test indicates that the GDH 
test probably identified a small number of primary 
CDI cases incorrectly as GDH-negative. Because a 
comparison of the medical records of the diarrhea 
case-patients with and without study CDI testing 
demonstrated few differences, we conducted a sen-
sitivity analysis to evaluate the effect of not con-
ducting CDI testing for all inpatients with diarrhea, 
adjusting the incidence estimates for inpatients 
with diarrhea who did not have a study CDI test. 
Finally, there is no recognized standard laboratory 
test for CDI diagnosis. Although we used a vali-
dated automated CCNA test, study laboratory test-
ing might have missed CDI cases (20), emphasizing 
that the diagnosis of CDI should not be based on 
laboratory results alone.

In conclusion, we identified a high population-
based incidence of hospitalized CDI case-patients that 
had frequent severe clinical consequences in Louis-
ville, Kentucky, which, when generalized nationwide, 
demonstrates that the hospitalized CDI burden is high 
in the United States. Furthermore, the hospitalized 
CDI burden in the United States is probably higher 
than is currently reported in public health surveillance 
systems because of CDI underdiagnosis by SOC speci-
men collection and testing practices. This high burden 
in the United States indicates that additional interven-
tions are needed for the prevention of CDI.

CLOUD Study Working Group, University of Louisville,: 
Adnan M. Qureshi, Ahmed A.M.F Abdelhaleem, Ahmed 
A.A.A. Eladely, Ahmed E.A.M Omran, Ahmed G.S.A. Ali, 
Javed Ahmad, Ahsan M. Khan, Amr A.A. Aboelnasr, Anu-
pama Raghuram, Arashpreet K. Chhina, Arpan Chawala,  
Arshdeep S. Batth, Ashraf Rjob, Athar I.A.A. Eysa, Ayesha 

Shameen, Balachandran R. Vaidyanath, Balaji Sekeran, 
Basel H.M. Alhaddad, Bidoh J. Karki, Chet N. Dhakal, 
Dana Mantash, Daniya Sheikh, Dawn Balcom, Danial A. 
Malik, Lakshmi P.D. Cherukuwada, Deepti Deepti, Devika 
Gopan, Duremala, Evelyn E. Gonzalez, Farah M.S. Daas, 
Hammad Tanzeem, Harideep Samanapally, Ahmed Iqbal, 
Isabel C. Rozema, Javaria Answer, Joanna J. Ekabua, 
Khaled J.A.K. Alweis, Leslie A. Beavin, Lucia B.  
P. Sanchez, Mahmoud Abdelsamia, Manish KC,  
Marjan Haider, Maryta N. Sztukowska, Meredith N. 
Cahill, Mohamed M.A. Abdelmabi, Muhammad H. Khan, 
Mohammed K. Abdulaziz, Muhammad A. Tariq, Mutasem 
Abuhalaweh, Nishita Tripathi, Pavani Nathala, Prashant 
Tripathi, Rachel A. Sheppard, Rafik Elbeblawy, Raghava 
S. Ambadapoodi, Rehab S.S. Mohamed, Rishav Sinha, 
Ritika Gadodia, Rupa Garikipati, Salman M.E. Elgharbawi, 
Satya R. Durugu, Shivam Gulati, Simra Kiran, Steven M. 
Gootee, Subathra Marimuthu, Usman A. Akbar, Vidyulata 
Salunkhe, and Zahid Imran.

Acknowledgments
We thank members of the CLOUD Study Working Group 
for their contributions, Kimbal D. Ford for support, 
Melissa Furtado for medical writing support, and Varkha 
Agrawal for editorial support.

This study was supported by Pfizer Inc., which was  
involved in the study design, data collection, data analysis, 
data interpretation, and writing of the article. All authors 
had full access to the study data and approved the  
decision to submit for publication. Upon request, and 
subject to review, Pfizer will provide the data that sup-
port the findings of this study. Subject to certain criteria, 
conditions and exceptions, Pfizer may also provide access 
to the related individual de-identified participant data. For 
more information, see https://www.pfizer.com/science/
clinical-trials/trial-data-and-results.

J.A.R. has a grant from Pfizer Inc. to the University of  
Louisville Research Foundation for the epidemiologic study. 
F.J.A., J.M.Z. E.G., P.Z., M.W.P., S.G., R.E.I., J.C.M, and L.J. 
hold stock and stock options in Pfizer Inc. R.M.C. has grants 
or contracts from Pfizer Inc. for C. difficile research and 
honoraria from Pfizer Inc. for content development and  
presentation regarding C. difficile to professional  
organization. L.A.W.P. and S.M. declare support from Pfizer 
Inc. for this study (i.e., kits for performing Quik Chek rapid 
tests, supplies for aliquoting stool samples, sample forms, 
and barcoding labels and scanners); contract from Pfizer Inc. 
to support the project; and receipt of equipment (i.e.,  
1 biologic safety cabinet, 1 refrigerator, 1 incubator, 1  
anaerobic chamber, and 1 freezer). C.S.M.F. declares  
support from Pfizer Inc. for this manuscript and stock  



RESEARCH

928	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 29, No. 5, May 2023

options from AstraZeneca, PLC. F.W.A. declares  
institutional payment from Pfizer Inc. for this manuscript 
and grants or contracts from the US Health Resources and 
Services Administration for the Ryan White HIV clinic,  
Janssen for COVID-19 vaccine study, and Gilead for rapid 
start antiretroviral therapy study. The other co-authors 
declare no conflicts of interest.

About the Author
Dr. Ramirez is chief scientific officer for the Norton  
Infectious Diseases Institute at Norton Healthcare in  
Louisville, KY, and emeritus professor of medicine, Division 
of Infectious Diseases, University of Louisville. His primary 
research interests include respiratory tract infections, with 
a focus on community-acquired pneumonia and emerging 
respiratory pathogens.

References
  1.	 Lessa FC, Mu Y, Bamberg WM, Beldavs ZG, Dumyati GK, 

Dunn JR, et al. Burden of Clostridium difficile infection in  
the United States. N Engl J Med. 2015;372:825–34.  
https://doi.org/10.1056/NEJMoa1408913

  2.	 Balsells E, Shi T, Leese C, Lyell I, Burrows J, Wiuff C, et al. 
Global burden of Clostridium difficile infections: a systematic  
review and meta-analysis. J Glob Health. 2019;9:010407. 
10.7189/jogh.09.010407 https://doi.org/10.7189/
jogh.09.010407

  3.	 Centers for Disease Control and Prevention. Antibiotic  
resistance threats in the United States, 2019 [cited 2023 Jan 
13]. https://doi.org/10.15620/cdc:82532

  4.	 Centers for Disease Control and Prevention. Emerging  
Infections Program, Healthcare Associated Infections  
Community interface surveillance report, Clostridioides  
difficile infection (CDI), 2019 [cited 2023 Jan 13].  
https://www.cdc.gov/hai/eip/pdf/cdiff/2019-CDI- 
Report-H.pdf   

  5.	 Polage CR, Gyorke CE, Kennedy MA, Leslie JL, Chin DL, 
Wang S, et al. Overdiagnosis of Clostridium difficile infection 
in the molecular test era. JAMA Intern Med. 2015;175:1792–
801. https://doi.org/10.1001/jamainternmed.2015.4114

  6.	 Longtin Y, Trottier S, Brochu G, Paquet-Bolduc B, Garenc C, 
Loungnarath V, et al. Impact of the type of diagnostic assay 
on Clostridium difficile infection and complication rates in a 
mandatory reporting program. Clin Infect Dis. 2013;56:67–73. 
https://doi.org/10.1093/cid/cis840

  7.	 Centers for Disease Control and Prevention. Annual report 
for the Emerging Infections Program for Clostridioides  
difficile infection, 2017 [cited 2023 Jan 13]. https://www.cdc.
gov/hai/eip/Annual-CDI-Report-2017.html

  8.	 Davies KA, Longshaw CM, Davis GL, Bouza E, Barbut F, 
Barna Z, et al. Underdiagnosis of Clostridium difficile across 
Europe: the European, multicentre, prospective, biannual, 
point-prevalence study of Clostridium difficile infection in 
hospitalised patients with diarrhoea (EUCLID). Lancet Infect 
Dis. 2014;14:1208–19. https://doi.org/10.1016/ 
S1473-3099(14)70991-0

  9.	 Reigadas E, Alcalá L, Marín M, Burillo A, Muñoz P,  
Bouza E. Missed diagnosis of Clostridium difficile infection; a 
prospective evaluation of unselected stool samples. J Infect. 
2015;70:264–72.  https://doi.org/10.1016/j.jinf.2014.10.013

10.	 Effelsberg N, Buchholz M, Kampmeier S, Lücke A,  
Schwierzeck V, Angulo FJ, et al. Frequency of diarrhea, stool 
specimen collection and testing, and detection of  
Clostridioides difficile infection among hospitalized adults 
in the Muenster/Coesfeld area, Germany. Curr Microbiol. 
2022;80:37. https://doi.org/10.1007/s00284-022-03143-6

11.	 Fridkin SK, Onwubiko UN, Dube W, Robichaux C, 
Traenkner J, Goodenough D, et al. Determinates of  
Clostridioides difficile infection (CDI) testing practices among 
inpatients with diarrhea at selected acute-care hospitals 
in Rochester, New York, and Atlanta, Georgia, 2020–2021. 
Infect Control Hosp Epidemiol. 2022;Sep 14:1–8.  
https://doi.org/10.1017/ice.2022.205

12.	 Furmanek SP, Glick C, Chandler T, Tella MA, Mattingly WA, 
Ramirez JA, et al. The City of Louisville encapsulates the 
United States demographics. Univ Louisville J Respir Infect. 
2020;2:4. https://doi.org/10.18297/jri/vol4/iss2/4

13.	 Sharp SE, Ruden LO, Pohl JC, Hatcher PA, Jayne LM,  
Ivie WM. Evaluation of the C.Diff Quik Chek Complete  
Assay, a new glutamate dehydrogenase and A/B toxin  
combination lateral flow assay for use in rapid, simple 
diagnosis of Clostridium difficile disease. J Clin Microbiol. 
2010;48:2082–6. https://doi.org/10.1128/JCM.00129-10

14.	 Elfassy A, Kalina WV, French R, Nguyen H, Tan C,  
Sebastian S, et al. Development and clinical validation of an 
automated cell cytotoxicity neutralization assay for detecting 
Clostridioides difficile toxins in clinically relevant stools  
samples. Anaerobe. 2021;71:102415.  https://doi.org/ 
10.1016/j.anaerobe.2021.102415

15.	 Centers for Disease Control and Prevention. Epidemiologic 
classification of CDI cases [cited 2023 Jan 13]. https://www.
cdc.gov/hai/eip/cdiff-tracking.html

16.	 Crobach MJ, Dekkers OM, Wilcox MH, Kuijper EJ. European 
Society of Clinical Microbiology and Infectious Diseases 
(ESCMID): data review and recommendations for  
diagnosing Clostridium difficile-infection (CDI). Clin Microbiol 
Infect. 2009;15:1053–66. https://doi.org/10.1111/ 
j.1469-0691.2009.03098.x

17.	 Crobach MJ, Planche T, Eckert C, Barbut F, Terveer EM, 
Dekkers OM, et al. European Society of Clinical  
Microbiology and Infectious Diseases: update of the  
diagnostic guidance document for Clostridium difficile  
infection. Clin Microbiol Infect. 2016;22(Suppl 4):S63–81.

18.	 McDonald LC, Gerding DN, Johnson S, Bakken JS,  
Carroll KC, Coffin SE, et al. Clinical practice guidelines  
for Clostridium difficile infection in adults and children:  
2017 update by the Infectious Diseases Society of  
America (IDSA) and Society for Healthcare Epidemiology  
of America (SHEA). Clin Infect Dis. 2018;66:e1–48.  
https://doi.org/10.1093/cid/cix1085

19.	 Argamany JR, Aitken SL, Lee GC, Boyd NK, Reveles KR.  
Regional and seasonal variation in Clostridium difficile  
infections among hospitalized patients in the United  
States, 2001–2010. Am J Infect Control. 2015;43:435–40. 
https://doi.org/10.1016/j.ajic.2014.11.018

20.	  Schweitzer L, Gervais P, Paquet-Bolduc B, Loo VG,  
Longtin Y. Detection of free toxin B in the stool of  
asymptomatic Clostridioides difficile carriers by the cell 
cytotoxicity neutralization assay. Open Forum Infect Dis. 
2021;8:b209. https://doi.org/10.1093/ofid/ofab209 

Address for correspondence: Frederick J. Angulo, Medical 
Development and Scientific/Clinical Affairs, Pfizer Vaccines,  
500 Arcola Rd, Collegeville, PA 19426, USA; email:  
frederick.j.angulo@pfizer.com 


