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Introduction: The aim of this systematic review of randomized clinical trials (RCTs) was to examine the efficacy, safety, and 
tolerability of vancomycin for treatment of recurrent Clostridioides difficile infection (rCDI).
Methods: The PubMed database was searched from inception to August 23, 2022. An initial screening was performed followed by 
a full-text evaluation of the papers. Inclusion criteria were RCTs investigating vancomycin for treatment of rCDI.
Results: A total of six studies and 269 patients were included in the review. Three studies used a fixed dose regimen of vancomycin, 
one study used pulse regimen, one study used a taper-and-pulse regimen, and one study used a taper-and-pulse regimen for the 
participants with two or more recurrences. The resolution of infection varied from 19% to 58.3% in five of six studies reporting this as 
an outcome. Four out of six studies reported new episodes of rCDI as an intervention outcome, in those studies 50–63% of participants 
experienced rCDI. Regarding the safety and tolerability of vancomycin treatment for rCDI, one study described several adverse events 
regarding gastrointestinal discomfort along with fatigue and skin rash. There were no records of serious adverse events in the included 
studies.
Conclusion: While oral vancomycin is mostly safe and well tolerated in the RCTs reviewed here, the efficacy for treating rCDI varies 
greatly from 19–58.3%, and 50–63% of participants experienced new episodes of rCDI.
Keywords: Clostridioides difficile, infection, diarrhoea, recurrent, vancomycin

Introduction
Clostridioides difficile infection (CDI) is an important cause of nosocomial diarrhoea associated with the use of antibiotics.1–3 

Particularly geriatric patients with comorbidities and recent treatment with antibiotics are at risk of contracting CDI.4,5 Infection 
with C. difficile can also be community-acquired. The clinical presentation of CDI varies between patients, from cases of mild 
diarrhoea to severe diarrhoea, sometimes further complicated by pseudomembranous colitis, sepsis or toxic megacolon resulting 
in an increased mortality.6–8

Although most patients with CDI are treated successfully after the first episode, recurrent Clostridioides difficile infection 
(rCDI) occurs in 20–25% of the patients.2,9,10 The percentage of patients with rCDI increases with the number of recurrences, thus 
40% of patients with one recurrence get another recurrence, and for patients with two or more recurrences the number is as high as 
60%.9 Also, the mortality rate is higher for patients who develop recurrence, increasing from 26% for primary CDI to 36% for 
rCDI.11 Risk factors for contracting rCDI are antacid medication, older age, longer hospital stays, and continuous use of non-CDI 
antibiotic treatment.12,13 Regarding antibiotic treatment, third-generation cephalosporins pose the greatest risk for developing 
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hospital acquired CDI.14 Recurrent CDI also has a high negative impact on the health-care system, increasing average length of 
hospital stay and treatment costs.15 Taken together, efficient treatments for rCDI are needed.

Vancomycin has been a cornerstone in the treatment of CDI, both the first episode as well as recurrences. Recently both the 
European Society of Clinical Microbiology and Infectious Diseases (ESCMID), and the American counterpart, the Society for 
Healthcare Epidemiology of America, and the Infectious Diseases Society of America (SHEA/IDSA), have published updated 
treatment recommendations for rCDI, where the role of vancomycin for recurrent CDI has been modified and in some cases 
replaced by other treatment modalities.16,17 Nevertheless, a fixed dose of vancomycin can still be used for the initial CDI, and for 
treatment of rCDI a taper-and-pulse regimen of vancomycin can be used. However, these are not the first-in-line treatments. 
A taper regimen of vancomycin is an extended period of treatment with progressive decrease of the dose. A pulse regimen of 
vancomycin is also an extended period of treatment with some skipped days between doses. A taper-and-pulse regimen usually 
starts with a taper regimen and continues with a pulse regimen.18

Recurrent CDI can be due to either reinfection or relapse. Regarding reinfection, this is a new episode of CDI, whereas relapse 
is a continuation of a passed episode. A method of examining whether an episode of CDI is due to reinfection or relapse, would be 
to perform whole genome sequencing (WGS). If WGS is not available or not performed routinely, it can be investigated if one or 
both samples have toxins A/B, or they have different ribotypes. If they differ on those parameters, they are likely to represent 
a reinfection. One of the natural causes of relapse of CDI is remaining C. difficile spores in the intestine. A study by Housman et al 
investigated the efficacy of vancomycin and fidaxomicin in reduction of spore counts and found that fidaxomicin had greater 
efficacy than vancomycin in clearing C. difficile spores.19

In this study, we aim to perform a systematic review of randomized clinical trials (RCT) on treatment of rCDI, where 
vancomycin in monotherapy was used in one of the treatment arms. The objective of this review is to investigate the efficacy, 
safety, and tolerability of vancomycin in monotherapy for treatment of rCDI. Although a widely used treatment, there are only 
a few studies examining vancomycin in monotherapy for rCDI, and there is a lack of evidence on this topic.

Methods
Search Strategy
We searched PubMed database from inception to August 23, 2022. The decision to perform the search in PubMed only was made 
based on a study by Halladay et al.20 Vancomycin was defined as vancomycin (text word), vancocin (text word), and vancomycin 
(MeSH terms). Clostridioides difficile infection was defined as Clostridioides difficile infection (text word), Clostridium difficile 
infection (text word), C. difficile infection (text word) and Clostridium infection (MeSH terms). Recurrent was defined as recurrent 
(text word). For the full search strategy, please refer to Supplementary Document 1.

Two authors independently selected the studies in a two-stage process, first a screening of titles and abstracts was performed, 
whereafter a final decision of inclusion was performed after a full-text evaluation (MJSK and IMCR). All disagreements were 
settled by a third author (AMP).

Inclusion/exclusion of studies
We included RCT in which only participants with recurrent C. difficile infection were included. The RCT ought to clearly state 

the efficacy of vancomycin as a treatment in one of the study arms.
During the initial screening of records, we excluded reviews, guidance/recommendations, case reports, non-English articles 

(Hungarian, Spanish, French, German, Czech, Serbian, Chinese, Hebrew, Finnish, Portuguese), retrospective/prospective cohort 
studies, and records unrelated to study subject. Furthermore, studies concerning primary C. difficile infection were excluded. The 
remaining records were included if they met the inclusion criteria during the full text eligibility assessment.

Quality Assessment
We adapted the Quality Assessment Tool of the National Institutes of Health for randomized clinical trials to assess the risk of bias 
of the individual studies with 14 different criteria. Criteria 9, 13 and 14 were adapted to include compliancy and cross-over trials, 
respectively. (https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools). For each study and criteria, the bias was 
reported as, high risk, low risk or unclear risk. Additionally, the table used in the bias assessment process is found in 
Supplementary Document 2.
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Assessment of Safety and Tolerability
The safety of vancomycin was evaluated based on the description of serious adverse events in the included studies. The 
tolerability of vancomycin was assessed according to non-serious adverse events.

Results
Study Selection
A total of 448 records were identified through the literature search. During the initial screening, 433 records were excluded, 
and 15 records proceeded to screening for eligibility. A total of seven records were excluded due to study design other than 
randomized clinical trials, studies not stating the effect of vancomycin treatment, or randomized clinical trials investigating the 
effect of vancomycin on primary C. difficile. In addition, one record was not retrieved, and another record was a protocol for 
a future clinical trial. Therefore, six articles1–3,6,22,23 with a total number of 269 participants were included and analysed in the 
study. An overview of the screening and inclusion of records can be found in Figure 1 adapted from the PRISMA statement.21

Description of Studies
Six randomized clinical trials were included in this review – a summary of each study is shown in Table 1. Two out of six 
were two-armed trials investigating the efficacy of FMT versus vancomycin. Three trials were three-armed, all of which 
were designed with FMT in one arm, vancomycin in another arm, and rectal bacteriotherapy, fidaxomicin or bowel 
lavage, respectively, in the third arm. Generally, in all these trials, a treatment with vancomycin of varying duration was 
administered prior to the faecal microbiota transplantation (FMT), rectal bacteriotherapy and bowel lavage interventions. 
The remaining trial investigated the efficacy of vancomycin in combination with Saccharomyces boulardii versus 
vancomycin in combination with placebo. The trials were relatively small and included each 12–31 participants in the 
vancomycin-only group. Four trials were conducted in Europe and two in North America. In two of the trials a total of 2g 
of vancomycin was administered daily, whereas four of the trials administered 500mg of vancomycin as the total daily 

Records identified from

database (n = 448)

Records screened

(n = 448)

Records assessed for 
eligibility

(n = 15)

Studies included in 
review

(n = 6)

Records excluded (n = 433): 

- Reviews/systematic reviews (n = 168)
- Guidance/recommendations (n = 8)
- Comments/case rapports/surveys (n = 71)
- Unrelated to study subject (n = 124)
- Non-English article (n = 26)
- Retrospective/prospective/cohort (n = 36)

Records excluded (n = 9):

- Non-recurrent rCDI (n = 3)
- Records not retrieved (n = 1)
- Not randomized clinical trial (n = 2)
- Protocol (n = 1)
- Effect of vancomycin not specified (n = 2)

Figure 1 Shows the flow chart of inclusion and exclusion of records. 
Note: The flow chart is adapted from Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 
2021:n71. Creative Commons.21
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Table 1 Shows the results for All Included Studies

Paper Study Design Intervention Study Population Follow-Up Dose of Vancomycin Effect of Vancomycin Adverse Events

Cammarota 

et al3 (2015) 

Italy

Open-label, 

randomized and 

controlled trial 

with two arms.

1) Feacal microbiota 

transplantation by 

colonoscopy. 2) vancomycin.

20 individuals received 

feacal microbiota 

transplantation, and 19 

individuals received 

vancomycin. 

Median number of 

recurrences in the 

vancomycin group: 3

10 weeks 

after end of 

vancomycin 

course.

125mg four times a day for 10 days 

followed by 125–500mg every 2–3 days 

for at least 3 weeks.

26% (n = 5) of 

individuals were cured, 

and 63% (n = 12) 

individuals had 

recurrence. Two 

individuals died from 

C. difficile related 

complications.

No adverse events specifically related to 

vancomycin.

Hota et al22 

(2016) 

Canada

Open-label, 

randomized and 

controlled trial 

with two arms.

1) Feacal transplantation by 

enema. 2) vancomycin

16 individuals received 

feacal transplantation, and 

12 individuals received 

vancomycin. 

Median number of 

recurrences in the 

vancomycin group: 4.4

120 days. 125mg four times a day for 14 days 

followed by 4 weeks of taper-and-pulse 

regimen: 125mg twice a day for 1 week, 

125mg once a day for 1 week, 125mg 

every second day for 1 week, and 

125mg every third day for 1 week.

41.7% (n = 5) 

experienced 

recurrence, resolution 

of symptoms in 58.3% 

of individuals.

Early and late adverse events: Fever, 

nausea or vomiting, abdominal pain/ 

vomiting, abdominal distension, 

abdominal bloating, feeling generally 

unwell, mucoid stools, bloody stools, 

smelly stools, fecal incontinence, 

anorexia, fatigue, skin rash.

Rode et al6 

(2021) 

Denmark

Open-label, 

randomized and 

controlled trial 

with three arms.

1) rectal bacteriotherapy (12- 

strain mixture) by enema. 

2) Faecal microbiota 

transplantation by enema. 

3) vancomycin.

34 individuals received 

faecal microbiota 

transplantation, 31 

individuals received rectal 

bacteriotherapy and 31 

individuals received 

vancomycin. 

42% of participants in the 

vancomycin group had 2 or 

more recurrences.

90 days. 125mg four times a day for 14 days. For 

individuals with two or more 

recurrences, additional 5 weeks of 

taper-and pulse regimen was given: 

125mg twice a day for 1 week, 125mg 

once a day for 1 week, 125mg every 

other day for 1 week, and 125mg every 

third day for 2 weeks.

Clinical cure rate at day 

90 was 45% (n = 14). 

n = 3 individuals 

experienced treatment 

failure during tapering 

of vancomycin.

None related to vancomycin.

Hvas et al2 

(2019) 

Denmark

Open-label 

single-center, 

randomized 

clinical trial with 

three arms.

1) Faecal microbiota 

transplantation applied by 

colonoscopy or nasojejunal 

tube after 4–10 days of 

vancomycin. 2) Fidaxomycin.  

3) vancomycin.

24 individuals received 

faecal microbiota 

transplantation, 24 

individuals received 

fidaxomicin, and 16 

individuals received 

vancomycin. 

Median number of 

recurrences in the 

vancomycin group: 3

8 weeks. 125mg four times a day for 10 days. Clinical resolution and 

negative C. difficile test 

in 19% (n = 3) of 

individuals.

No adverse events related to a specific 

antibiotic treatment.
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Van Nood 

et al23 

(2013) 

Holland

Open-label, 

randomized and 

controlled trial 

with three arms.

1) vancomycin, bowel lavage 

and subsequent infusion of 

donor faeces through 

a nasoduodenal tube. 

2) Vancomycin 3) Vancomycin 

with bowel lavage.

16 individuals received 

vancomycin, bowel lavage 

and donor faeces, 13 

individuals received 

vancomycin and 13 

individuals received 

vancomycin with bowel 

lavage. 

Median number of 

recurrences in the 

vancomycin group: 3

10 weeks 

After 

initiation of 

therapy

500mg four times a day for 14 days. Resolution of infection 

in 31% of individuals (n 

= 4). 

62% (n = 8) had 

recurrence after 5 

weeks

None related to vancomycin.

Surawicz 

et al1 (2000) 

USA

Part of a double- 

blind, 

randomized and 

placebo- 

controlled trials.

1) High dose vancomycin in 

combination with 

Saccharomyces boulardii (1g/ 

day for 28 days). 

2) High dose vancomycin in 

combination with placebo.

18 individuals received 

vancomycin and 

Saccharomyces boularii and 

14 individuals received 

vancomycin and placebo 

Median number of 

recurrences in the 

vancomycin group: 2.4

8 weeks 2g/day for 10 days 50% (n = 7) had 

recurrence of CDI. 

3 individuals had 1 

recurrence and 4 

individuals had 2 

recurrences.

No significant difference between the 

two groups. Not further specified.
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dose. Three studies used a fixed dose regimen of vancomycin, one study used a pulse regimen, one study used a taper-and 
-pulse regimen, and one study used a taper-and-pulse regimen for the participants with two or more recurrences. The 
participants included in studies had between 2.4 and 4.4 recurrences of CDI. One study clustered the number of 
recurrences, in this study 42% of participants had two or more recurrences.6

Clinical Efficacy of Vancomycin
Five of the six studies reported resolution of infection as an intervention outcome. The number of participants cured 
varied between 19% and 58.3% in those studies. Four studies reported recurrence of CDI as an intervention outcome. In 
these studies, between 37% and 50% had no recurrences of CDI during the study period.

Tolerability and Safety
Four out of the six studies reported no adverse events related to vancomycin. One study reported no significant difference 
between the two intervention groups without further description. The last study described several adverse events 
regarding gastrointestinal discomfort along with fatigue and skin rash.

Risk of Bias
The result of the bias assessment is presented in Figure 2. Overall, the studies represented a low risk of bias on most 
criteria. A high risk of bias was seen in all studies but one, regarding blinding of participants and providers and the 
people assessing the outcome. Another criterion with high risk of bias or unclear risk of bias in all studies was power and 
sample size.

Discussion
Prevention of recurrences of CDI is a challenge and patients with one recurrence are at increased risk of further 
recurrences.24 Risk factors associated with oral vancomycin treatment are among others a perturbation of the gut 
microbiome and colonization with vancomycin-resistant Enterococcus faecium (VRE).25,26

According to the latest guidance documents from ESCMID, and SHEA/IDSA, fidaxomicin is now the first-choice 
treatment for primary CDI, and vancomycin remains second choice. Nonetheless, fidaxomicin is not available in all 
countries. Regarding the first rCDI adjunctive treatment with Bezlotoxumab (a monoclonal antibody 
against C. difficile toxin B) can be administered along with fidaxomicin or vancomycin. Concerning the second rCDI, 
FMT is recommended.16,17 This is after many clinical trials have shown inferiority of vancomycin monotherapy to 
fidaxomicin, FMT or to Bezlotoxumab.27–29

In four of the six studies included in this review, investigating the effect of vancomycin plus FMT versus 
vancomycin, vancomycin plus FMT showed superiority to vancomycin alone.2,3,6,23 In one study, vancomycin and 
placebo were compared to vancomycin and S. boulardii, where treatment with S. boulardii was initiated on the 7th day of 
vancomycin treatment and continued for 28 days.1 The combination of vancomycin and S. boulardii exhibited 
a significant decrease in recurrences of CDI compared to vancomycin alone. Thus, in five out of six studies, the 

Figure 2 Shows the risk of bias assessment on criteria 1–14 (refer to Supplementary Document 2). For each study, criteria with low risk of bias are colored green, high risk 
of bias are colored red, and unclear risk of bias are colored yellow.
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intervention arm with vancomycin as monotherapy turned out to be inferior in comparison with the competing treatment 
arm. In one study, a taper-and-pulse regime of vancomycin proved non-inferior to vancomycin followed by FMT.22 In all 
six studies, participants receiving S. boulardii, FMT, rectal bacteriotherapy or bowel lavage also received vancomycin 
treatment for a various duration of time prior to the other intervention. Therefore, vancomycin is expected to have an 
effect in combination with another treatment for rCDI.

A limitation to evaluate the efficacy of vancomycin monotherapy in this review, is that three of the studies used 
a fixed dose vancomycin regimen of 10–14 days,1,2,23 instead of the recommended 10 days plus a taper-and-pulse 
regimen,3,6,22 therefore underestimating the actual efficacy of monotherapy vancomycin, as recommended by the guide-
lines above. Two of the three studies with a fixed vancomycin dose, had the lowest clinical resolution of 19% and 31%, 
respectively.2,23 The third study using a fixed high dose of vancomycin did not list clinical resolution as an endpoint, 
instead they used recurrence, and 50% of their participants had recurrence.1 One study used a pulse regimen of 
vancomycin, resulting in a clinical cure rate at 26%.3 The two studies with a taper-and-pulse regimen are those reporting 
the highest clinical cure rate of 45% and 58.5%, respectively.6,22 A systematic review and meta-analysis by Sehgal et al 
also found taper-and-pulse regimens of vancomycin to be superior to either pulse or taper regimens alone.18

Two of the six studies used a higher dose of vancomycin; 2g/day or 500mg four times a day.1,23 The remaining four 
studies used the standard dose of 125mg four times a day. A study by Gonzales et al showed that the concentration of 
vancomycin in faeces increased with a higher dose of vancomycin orally administered.30 Nonetheless, another study by 
Thabit et al propose that there is no association between the concentration of vancomycin in faeces and the clinical 
outcome.31 Therefore, the difference in dose of vancomycin administered in the six studies is not contradictory to 
a comparison of them.

Our review is limited by the number of only six included studies with high bias concerning study population and 
power. Another limitation is the different endpoints, where five studies used resolution rate, and one study used 
recurrence rate. Additionally, half of the studies used a fixed dose of vancomycin, whereas the other half used a pulse/ 
taper-and-pulse regime. Finally, the time to follow-up in the six studies varied from 8 weeks to 120 days. We call for 
future studies, specifically examining treatments for rCDI, with adequate power and good study designs. This includes 
RCT, looking at non-antimicrobial options, such as S. boulardii, FMT or combinations of pro- and prebiotics, either as 
stand-alone treatments or in combination with vancomycin. With the advent of microbiota targeting-or preserving 
strategies, treatment for both CDI and rCDI are likely to change over to the coming years.

As there is still a lack of data on effective treatment for rCDI, prevention of primary CDI is crucial. As with other 
nosocomial infections, adherence to strict infection control guidelines, as well as antibiotic stewardships to reduce 
unnecessary antibiotic use play a very important role.32

Conclusion
While oral vancomycin is mostly safe and well tolerated in the RCTs reviewed here, the efficacy is low in treating 
recurrent CDI. The two studies reporting the lowest resolution rate had used a fixed dose of vancomycin as opposed to 
a taper-and-pulse regime. Our findings show a tendency of the taper-and-pulse regimen being superior to a fixed dose 
regimen or a pulse regimen. Vancomycin is also expected to have an effect in combination with another treatment for 
rCDI. To obtain more knowledge on treatment of rCDI with vancomycin in monotherapy of taper-and-pulse regimen, 
more studies with adequate power need to be conducted with comparison to other recommended treatments.
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The authors report no conflicts of interest in this work.
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