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Background. Two-step testing for Clostridioides difficile infection (CDI) aims to improve diagnostic specificity but may also 
influence reported epidemiology and patterns of treatment. Some providers fear that 2-step testing may result in adverse 
outcomes if C. difficile is underdiagnosed.

Methods. Our primary objective was to assess the impact of 2-step testing on reported incidence of hospital-onset CDI (HO-CDI). 
As secondary objectives, we assessed the impact of 2-step testing on C. difficile–specific antibiotic use and colectomy rates as proxies for 
harm from underdiagnosis or delayed treatment. This longitudinal cohort study included 2 657 324 patient-days across 8 regional 
hospitals from July 2017 through March 2022. Impact of 2-step testing was assessed by time series analysis with generalized 
estimating equation regression models.

Results. Two-step testing was associated with a level decrease in HO-CDI incidence (incidence rate ratio, 0.53 [95% confidence 
interval {CI}, .48–.60]; P < .001), a similar level decrease in utilization rates for oral vancomycin and fidaxomicin (utilization rate 
ratio, 0.63 [95% CI, .58–.70]; P < .001), and no significant level (rate ratio, 1.16 [95% CI, .93–1.43]; P = .18) or trend (rate ratio, 0.85 
[95% CI, .52–1.39]; P = .51) change in emergent colectomy rates.

Conclusions. Two-step testing is associated with decreased reported incidence of HO-CDI, likely by improving diagnostic 
specificity. The parallel decrease in C. difficile–specific antibiotic use offers indirect reassurance against underdiagnosis of C. difficile 
infections still requiring treatment by clinician assessment. Similarly, the absence of any significant change in colectomy rates offers 
indirect reassurance against any rise in fulminant C. difficile requiring surgical management.

Keywords. Clostridioides difficile; 2-step testing; interrupted time series analysis.

Received 02 March 2023; editorial decision 02 May 2023; published online 6 June 2023

Correspondence: N. A. Turner, Division of Infectious Diseases, Duke University Medical 
Center, 40 Duke Medicine Circle, Clinic 1K, Durham, NC 27710 (nick.turner@duke.edu).

Clinical Infectious Diseases® 2023;77(7):1043–9 
© The Author(s) 2023. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. All rights reserved. For permissions, please e-mail: journals.permissions@ 
oup.com
https://doi.org/10.1093/cid/ciad334

Clostridioides difficile infection (CDI) is a leading cause of 
healthcare-associated diarrhea, yet it is responsible for only a 
minority (4%–25%) of cases of hospital-onset diarrhea [1, 2]. 
Diagnosis of CDI is challenging, partly because the presence 
of C. difficile alone is generally insufficient to cause clinical 
disease. While healthy gut microbiota are protective against 
CDI, disruption caused by receipt of antibiotics facilitates C. 
difficile germination and toxin production, ultimately result
ing in diarrheal disease [3]. Because traditional nucleic acid 
amplification testing (NAAT) only detects the presence of 
the C. difficile toxin genes rather than toxin production, C. dif
ficile–associated disease can be overdiagnosed, which begets 
unnecessary antibiotic receipt and inaccurate classification 

of C. difficile colonization as disease for epidemiologic surveil
lance purposes.

Two-step testing, which combines a highly sensitive test (eg, 
NAAT or glutamate dehydrogenase) with a more specific assay 
for toxin production, has proven highly effective at identifying 
individuals with true disease. Prior cohort studies have demon
strated that nearly all significant CDI-related complications 
and deaths occur almost exclusively among toxin-positive indi
viduals [4]. Nonetheless, some providers remain fearful of a 
missed or delayed diagnosis and the potential attendant conse
quences if an NAAT-positive/toxin-negative patient is not of
fered treatment but later progresses to C. difficile disease [5].

In this longitudinal cohort study, we sought to examine the 
effect of conversion to 2-step testing across multiple dimen
sions, including the effect on the epidemiology of hospital- 
onset CDI (HO-CDI), the utilization of antibiotics for 
treatment of CDI, and the rates of emergent colectomy among 
inpatients. We hypothesized that the greater specificity of 
2-step testing would result in a decrease in reported HO-CDI 
incidence, as previously described by others [6]. Beyond the 
epidemiology, we also sought to assess CDI-specific antibiotic 
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use and colectomy rates as proxies for safety of 2-step testing at 
the healthcare system level. If treatment could be avoided on 
the basis of 2-step testing, one would anticipate a parallel de
cline in rates of CDI-specific antibiotic use. Conversely, if clin
ical diagnoses of CDI were still made despite negative 2-step 
testing (eg, due to lack of clinical response to supportive care 
or lack of an alternative diagnosis), CDI-specific antibiotic 
use would not decrease in parallel with HO-CDI incidence in
ferred from 2-step testing. Finally, if 2-step testing failed to 
identify instances of true disease—and thus resulted in delays 
in treatment—one might expect an increase in risk of progres
sion to fulminant CDI, which could be reflected in emergent 
colectomy rates. On the basis of prior cohort studies demon
strating the safety and effectiveness of 2-step testing [4], we hy
pothesized that conversion to 2-step testing would be 
temporally associated with a parallel decline in CDI-specific an
tibiotic use and no change in emergent colectomy rates.

METHODS

Data Collection

We conducted a multicenter longitudinal cohort study of ad
missions and CDI across 8 hospitals converting to 2-step C. dif
ficile testing within the Duke Infection Control Outreach 
Network (DICON) from 1 July 2017 through 31 March 2022. 
Each hospital had a minimum of 12 months of data available 
before and after conversion from NAAT to 2-step testing 
(NAAT with reflex to toxin testing via enzyme-linked immuno
sorbent assay when positive). Hospital traits and follow-up pe
riods before and after conversion of test protocols are displayed 
in Table 1. Analysis was performed from March 2022 through 
June 2022. DICON’s surveillance methodology (specifically the 
informatics used to capture and analyze infection events) has 
been previously described [7]. The study design was reviewed 
by Duke University Health System’s institutional review board 
and determined to be exempt, with waiver of consent for data 
collection. CDI was defined in accordance with the National 
Healthcare Safety Network LabID definition: Cases were iden
tified by a positive laboratory test result for either a C. difficile 
toxin A/B assay or a positive laboratory test result by NAAT 

from stool samples submitted to each hospital’s clinical micro
biology laboratories for C. difficile. All sites used NAAT with 
reflex to toxin assay when NAAT was positive for their 2-step 
algorithm. For sites using 2-step testing, the result of the last 
test performed is used for C. difficile reporting purposes [8]. 
HO-CDI cases were defined as those occurring after hospital 
day 3. HO-CDI incidence rates were calculated monthly, as 
number of HO-CDI cases per 10 000 patient-days present. 
Any repeat positive samples sent within 14 days of a prior pos
itive sample were considered to be duplicate samples from the 
same episode and were not counted separately. CDI-specific 
antibiotic use rates were gathered for oral vancomycin and 
oral fidaxomicin, the 2 primary recommended treatments for 
C. difficile in Infectious Diseases Society of America guidelines 
throughout the majority of the study period [9].

To support implementation of 2-step testing, infection preven
tionists from each hospital participated in a series of teleconference 
calls reviewing and discussing C. difficile testing algorithms. Each 
hospital was provided with a set of guidance documents offering 
suggested language for reporting test results and key points 
for educating staff and clinicians (provided in Supplementary 
Material S1). Each hospital was permitted to develop its own 
policies for reporting test results, educating clinicians, and con
ducting any parallel antimicrobial stewardship measures.

Statistical Modeling

We used generalized estimating equation (GEE) models for the 
interrupted time series analysis of outcomes to properly ac
count for the violation of independence inherent in repeated 
measures data clustered by hospital site. Three separate models 
were created for HO-CDI incidence, CDI-specific antibiotic 
use, and colectomy rates each with patient-days present as an 
offset term. Consistent with time series methods suggested by 
Bernal et al [10], each model included a term for time (in 
months), test method (reflecting level change), and time since 
introduction of 2-step testing (reflecting slope change after in
troduction of 2-step testing). The variables for test method and 
time since introduction of 2-step testing were time-varying co
variates specific to each hospital. All models were constructed 

Table 1. Summary Traits and Follow-up Periods for Participating Hospitals

Hospital State Bed Capacity, No. Follow-up During NAAT-Only Period, m Follow-up During 2-Step Period, m

1 North Carolina 212 32 25

2 Virginia 186 41 16

3 North Carolina 102 33 24

4 North Carolina 124 32 25

5 North Carolina 332 28 29

6 North Carolina 220 24 31

7 West Virginia 267 36 21

8 North Carolina 978 32 25

Abbreviation: NAAT, nucleic acid amplification testing.
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using geepack in R software (version 4.1.2, https://www.r- 
project.org/). All graphs were created using ggplot2.

Data were assessed for evidence of zero-inflation (the more 
frequent occurrence of zero-valued observations than predict
ed) and overdispersion. Inspection of quantile-quantile plots 
suggested the Poisson distribution to be a reasonable assump
tion. Adjustment for zero-inflation did not improve model fit 
and did not markedly alter effect estimates. Fitted versus actual 
plots were constructed as a final visual inspection of each mod
el’s accuracy. Throughout this study, a significance threshold of 
.05 was used; 95% confidence intervals (CIs) were calculated by 
the Wald method.

As time series modeling can be complex and sensitive to as
sumptions regarding data distributions and correlation structures, 
we also constructed mixed-effects models analogous to the 3 main 
GEE models above as a sensitivity analysis. In mixed-effects mod
eling, time, test method, and time since introduction of 2-step 

testing were treated as fixed effects; hospital was treated as a ran
dom intercept effect and time as a random slope effect. A variety 
of correlation structures (exchangeable, compound symmetric, 
and autoregressive) were assessed.

RESULTS

Our cohort included data from 2 657 324 patient-days across 8 
hospitals from July 2017 through March 2022. A total of 1052 
cases of HO-CDI among 1 492 862 patient-days were captured 
prior to adoption of 2-step testing. Two hundred sixty-six cas
es of HO-CDI among 1 164 462 patient-days were captured 
after adoption of 2-step testing. On time series analysis, con
version to 2-step testing was temporally associated with a level 
change in HO-CDI incidence (incidence rate ratio [IRR], 0.53 
[95% CI, .48–.60]; P < .001) but no significant trend change 
afterward (Figure 1, Table 2). The estimated effect of 2-step 

Figure 1. Hospital-onset Clostridioides difficile infection incidence rate by testing strategy. Abbreviations: HO-CDI, hospital-onset Clostridioides difficile infection; NAAT, 
nucleic acid amplification testing.
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testing remained consistent through a range of mixed-effects 
models as well, indicating stability across multiple model 
structures and assumptions (see Supplementary 
Supplementary Material S2 and S3).

Complete antibiotic use data were available for 7 of the 9 
sites. A total of 94 097 days of therapy (DOT) for oral vancomy
cin and 1305 DOT for fidaxomicin were available prior to 

conversion to 2-step testing, for a median treatment rate of 
59.4 DOT/1000 patient-days present (interquartile range 
[IQR], 36.7–78.6). A total of 38 643 DOT for oral vancomycin 
and 1176 DOT of fidaxomicin were available after conversion 
to 2-step testing for a median monthly treatment rate of 29.8 
DOT/1000 patient-days present (IQR, 20.4–46.6). On time se
ries analysis, implementation of 2-step testing was temporally 
associated with a level change in CDI-specific antibiotic use 
(use rate ratio [RR], 0.64 [95% CI, .58–.70]; P < .001) with sub
sequent reductions in CDI-specific antibiotic use over time (use 
RR, 0.79 [95% CI, .69–.90]; P < .001 (Figure 2, Table 3).

Colectomy data were available for 7 of 8 sites. Four hundred 
sixty-three emergent colectomies were captured prior to 2-step 
testing for a median rate of 3.8 colectomies per 10 000 patient- 
days present (IQR, 0.0–7.6). After adoption of 2-step testing, a 
total of 463 emergent colectomies were captured for a median 
rate of 3.9 colectomies per 10 000 patient-days present (IQR, 
1.6–7.4). On time series analysis, 2-step testing was not 

Table 2. Time Series Analysis Results: Incidence Rate Ratios for Nucleic 
Acid Amplification Testing Versus 2-Step Clostridioides difficile Infection 
Confirmation

Intervention Intervention Effect IRRa (95% CI) P Value

2-step CDI confirmation Baseline trend 0.80 (.69–.93) .003

Level change 0.53 (.48–.60) <.001

Slope change 1.03 (.79–1.34) .855

Abbreviations: CDI, Clostridioides difficile infection; CI, confidence interval; IRR, incidence 
rate ratio.  
aIRRs expressed per 12-month period.

Figure 2. Clostridioides difficile infection treatment rate by testing strategy. Abbreviations: CDI, Clostridioides difficile infection; NAAT, nucleic acid amplification testing.
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associated with any significant level (RR, 1.16 [95% CI, .93– 
1.43]; P = .18) or trend (RR, 0.99 [95% CI, .95–1.03]; P = .51) 
change in emergent colectomy rates (Figure 3, Table 4).

Given that the coronavirus disease 2019 (COVID-19) 
pandemic occurred in close temporal proximity to the chan
ge in test methodology for many participating sites, we 
conducted a post hoc sensitivity analysis assessing the 

potential for confounding effects related to the pandemic. 
While the COVID-19 pandemic was not temporally associat
ed with any significant level or slope changes in HO-CDI 
incidence among participating sites, the potential for 
pandemic-related effects did introduce sufficient uncertain
ty that the effect of 2-step testing on HO-CDI incidence rates 
was partly mitigated (level change IRR, 0.68 [95% CI, .43– 
1.06]; Supplementary Material S4).

DISCUSSION

While conversion to 2-step testing is believed to improve diag
nostic specificity for CDI, some providers fear the possibility of 
missing or delaying diagnosis of CDI with this approach. In as
sessing the effects of conversion to 2-step testing at the health 
system level, we examined trends in HO-CDI incidence, 
CDI-specific antibiotic use, and emergent colectomy rates as 
proxies for safety of 2-step testing.

Table 3. Time Series Analysis Results: Clostridioides difficile Infection 
(CDI) Treatment Rate Ratios for Nucleic Acid Amplification Testing 
Versus 2-Step CDI Confirmation

Intervention Intervention Effect
Use Rate Ratioa  

(95% CI) P Value

2-step CDI confirmation Baseline trend 1.04 (.99–1.09) .122

Level change 0.63 (.58–.70) <.001

Slope change 0.79 (.69–.90) <.001

Abbreviations: CDI, Clostridioides difficile infection; CI, confidence interval.  
aRate ratios expressed per 12-month period.

Figure 3. Emergent colectomy rate by testing strategy. Abbreviation: NAAT, nucleic acid amplification testing.
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Consistent with prior large-scale epidemiologic studies, im
plementation of 2-step testing was associated with a significant 
level reduction in HO-CDI rates [4]. A level change—effective
ly an immediate shift in incidence—is of course the anticipated 
result when a test method is changed at a discrete point in time. 
In this case, the decline is likely attributable to the higher spe
cificity of 2-step testing, though participating hospitals may 
also have had active antibiotic stewardship and infection pre
vention efforts operating in parallel. Alternatively, some pro
viders may worry the decline in incidence reflects lower test 
sensitivity and that 2-step testing could simply inhibit or delay 
diagnosis in nascent infection, in which case one would expect 
to see a lagged rebound in CDI incidence after implementation 
of 2-step testing; fortunately, the absence of trend (slope) 
changes for months following adoption of 2-step testing pro
vides reassurance against any associated delays in CDI 
diagnosis.

Similarly, if clinicians observed significant numbers of col
onized individuals (NAAT positive, toxin negative) progress
ing to symptomatic disease despite negative toxin testing, one 
might expect to see sustained rates of CDI-specific treatment 
following adoption of 2-step testing. We instead observed a 
parallel decline in overall CDI-specific antibiotic use (fidaxo
micin and vancomycin) that was very similar in magnitude to 
the decline in HO-CDI incidence (though somewhat heterog
enous across hospitals; see Supplementary Material S3). While 
the overall study relies on health system–level data, we did 
conduct a subgroup survey of patient-level prescription data 
across 3 participating hospitals to confirm that the observed 
decreases in CDI-specific antibiotic use resulted from clini
cians appropriately withholding treatment from suspected 
colonized individuals. In fact, just 2154 of 13 486 (16%) indi
viduals with NAAT-positive, toxin-negative results had a pre
scription for CDI-specific treatment (oral vancomycin or 
fidaxomicin) within 14 days of the index test. The absence 
of discordant treatment trends and low treatment rates among 
colonized individuals also supports the safety of 2-step testing.

Finally, as fulminant CDI sometimes requires colectomy in 
the worst of cases, we assessed emergent colectomy rates as a 
safety signal for the most severe of complications, should 

CDI progress with untimely or inadequate treatment. We ob
served no significant changes in emergent colectomy rates, ei
ther shortly after onset of 2-step testing or in the ensuing 
months—offering further reassurance against delayed diagno
sis or progression to severe disease.

The COVID-19 pandemic has been variably associated with 
either no significant change in CDI incidence or, in some set
tings, a decrease in CDI incidence [11, 12].

The near co-occurrence of the COVID-19 pandemic with 
change in test method for many participating sites raises the 
possibility of pandemic-related changes in HO-CDI incidence 
acting as a confounder in our study. We consequently conduct
ed a post hoc sensitivity analysis adding pandemic terms to our 
GEE model of HO-CDI incidence rates. While the COVID-19 
terms were not associated with significant level or slope chang
es, the co-occurrence of the pandemic did introduce sufficient 
uncertainty that the effect of 2-step testing—while still associ
ated with an estimated decrease—was mitigated in significance.

Our study does have several limitations. We conducted our 
analysis at the health system level, which permitted large-scale 
assessment without delving into individual-level private 
health data. However, the absence of individual patient-level 
outcomes assessment does leave room for some residual con
founding. Along similar lines, the lack of individual-level 
data prevents analysis of other outcome measures such as 
time to treatment, C. difficile severity, or treatment failure. 
Additionally, while we focused on HO-CDI to capture the 
most relevant patient outcomes, it is possible that patients 
were discharged home before progression to CDI (or progres
sion to severe CDI). Without any guarantee that subjects would 
return to the same hospital, we could theoretically underesti
mate outcomes among subjects who were later admitted to hos
pitals outside of our surveillance network. At the hospital level, 
we provided guidance on test implementation and interpreta
tion but did not directly assess adherence to 2-step test inter
pretation. Finally, it is possible that hospitals might have 
made other changes to their approach to diagnosis and treat
ment of C. difficile during the study period or to antibiotic stew
ardship efforts focused on preventing C. difficile. Although 
unlikely to have occurred early enough to affect our results, 
lower recurrence rates with fidaxomicin may influence C. diffi
cile incidence over time.

Despite these limitations inherent to health system–level 
longitudinal cohort studies, our analysis supplements prior lit
erature on this subject with additional large-scale, external val
idation. We believe this study has several strengths. First, it 
draws on data from >2.6 million patient-days present across 
8 different hospitals for the primary outcome (HO-CDI inci
dence) and 7 different hospitals for antibiotic use and colec
tomy rates. Additionally, the availability of at least 12 months 
of data before and after 2-step testing adoption gives a robust 
dataset for modeling purposes. Second, we conducted a careful 

Table 4. Time Series Analysis Results: Emergent Colectomy Rate Ratios 
for Nucleic Acid Amplification Testing Versus 2-Step Clostridioides 
difficile Infection Confirmation

Intervention Intervention Effect
Colectomy Rate  
Ratioa (95% CI) P Value

2-step CDI confirmation Baseline trend 1.11 (.79–1.56) .535

Level change 1.16 (.93–1.43) .184

Slope change 0.85 (.52–1.39) .509

Abbreviations: CDI, Clostridioides difficile infection; CI, confidence interval.  
aRate ratios expressed per 12-month period.
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time series analysis with GEE modeling to account for the vio
lation of independence assumption and potential clustering by 
hospital inherent in repeated measures network data. As an 
added strength, all of our findings were robust to various mod
eling approaches, including mixed-effects with various correla
tion structures. Finally, the fact that all 3 outcomes assessed 
aligned with one another and preexisting cohort studies in
creases confidence in this nonrandomized study.

In conclusion, outcomes of 2-step testing at the healthcare 
system level mirror results from previous individual-level co
hort studies. The absence of signal for harm through 
HO-CDI incidence rates, persistent or delayed increases in 
CDI-specific antibiotic use rates, or colectomy rates adds sup
port to the safety of 2-step CDI testing strategies.
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