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Abstract. Clostridium difficile (CD) is an anaerobic,
gram-positive bacterium that can produce a spectrum of
gastrointestinal diseases ranging from pseudomembranous
colitis to diarrhea to toxic megacolon. The infection is even
more difficult to manage as CD produces high-end spores,
suggesting that this may be the cause of the dangerous recur-
rent disease as well as dissemination among healthy members
in the community. Spores can be hosted in the digestive tract
of both symptomatic and asymptomatic patients. The most
relevant risk factor in the development of Clostridium difficile
infection (CDI) seems to be the overuse of antimicrobials.
Comorbidities are another risk factor that may predispose
towards more serious CDI. Treatment options vary from oral
antibiotics to extensive surgical interventions. The present
study aimed to analyze the prevalence, severity, and manage-
ment of CDIs in a general surgery department in an effort to
determine the correlative elements between the infection and
surgical pathology.

Introduction

Clostridium difficile is an anaerobic, gram-positive gastro-
intestinal bacterium that, by producing two toxins known
as A and B, can cause a spectrum of diseases ranging
from pseudomembranous colitis to diarrhea or even toxic
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megacolon. Unfortunately, it is also a bacterium that produces
high-end spores (1). This may result in recurrent disease or
even the dissemination of infection among healthy members of
the community. Clostridium difficile infection (CDI) is mostly
nosocomial. Yet, recently, more and more cases of commu-
nity infections have been reported (20-30%) (2), but there are
areas around the globe where 41% have been reported (3). The
main route of transmission of this infection is fecal-oral. The
spores of this bacteria can be hosted in the digestive tract of
symptomatic patients, as well as that of asymptomatic patients.
Unfortunately, CD spores can survive up to 5 months on
surfaces, equipment or various tools (3).

The latest guidelines of the Society of Healthcare
Epidemiology of America (SHEA) and the Infectious
Diseases Society of America (IDSA) recommend that
symptomatic and confirmed patients suffering from a CD
infection be isolated in private wards with strict precautions
regarding contact with other persons until the diarrheal
syndrome passes completely. The staff must wear (one time
use) protective equipment permanently around these patients,
to wash their hands with water and soap before exiting the
salon and to clean the salons that hosted these patients with
chlorine-based substances (4,5). The rules do not apply,
however, to asymptomatic CD carriers.

We conducted an analysis of the prevalence, severity, and
management of the CD infection in a general surgery depart-
ment, trying to determine the correlative elements between
CD infection and surgical pathology. We aimed to ascertain
how the specific measures, means of preventing and control-
ling of this bacterial pathology be improved.

Patients and methods

The present work was a retrospective unicentric descriptive
study and took place at the General and Emergency Surgery
Clinic III of the Bucharest University Emergency Hospital
during 2016-2018. All necessary data were extracted from
patients' electronic health records. Statistical analysis of the
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Table I. ATLAS score.

Parameter 0 points 1 point 2 points
Age (years) <60 60-79 >80
Temperature <37.5°C 37.6-38.5°C >38.6°C
Leukocytes (cells/mm?) <16,000 16,000-25,000 >25,000
Albumin (g/dl) >3.5 2.6-3.5 <25
Antibiotic

Simultaneously systemic ICD therapy (>1 day) No Yes

Atlas score:
0 points
1 point
2 points
3 points
4 points
5 points

No. of patients in the present study

L 2 S N R SN

data was performed by MedCalc software (MedCalc Software,
Inc.; https://www.medcalc.org).

ATLAS score is a validated evaluation system used
to predict the response to the treatment, respectively, the
mortality, for patients with Clostridium difficile infection (6).
This score was also used by us in the present study (Table I).

Results

Among the 24 patients investigated, 13 were female and were
11 male. Concerning the age of the participating patients, the
youngest was 44 years while the oldest was 86 years. The
average age was 64.5 years. Most of our patients were between
59 and 70 years of age (Tables II and I1I).

The shortest time of hospitalization was one day and the
longest 64 days. The average of the days of hospitalization was
19.8 days. Most patients required between 13 and 26 days of
hospitalization (Table I'V). Patients (12 out of 24) required care
in the intensive care unit (ICU). Six patients were hospitalized
previously (Table III).

Most often, the primary pathology was associated with the
digestive tract, followed by cholecyst (11 and 5 cases, respec-
tively). In the third place, there were pathologies associated
with the lower limb (4 patients), followed by the abdominal
wall (2 cases), pancreas and peritoneum (1 case each).

Concerning the Atlas score, the maximum value in our
study was 5 points (one patient), followed by 2 other patients
with a value of 4. Four patients had an ATLAS score of 0.

In what concerns associated diseases, most patients had
cardiovascular comorbidities, followed by pulmonary and
metabolical (diabetes mellitus). Most patients had more than
one comorbidity (Table V).

Discussion

The suspicion of Clostridium difficile (CD) infection should be
considered for each patient who develops diarrheal syndrome
during hospital admission, especially if the patient has a recent
history of antibiotic treatment or previous hospital admission.

Table II. Statistical data concerning the age (years) of the
patients (N=24).

Parameter Values (years)
Lowest value 44
Highest value 86
Arithmetic mean 64.5

95% CI for the mean 59.0867 to 69.9133
Median 63.5000

95% CI for the median 57.0000 to 74.2533
Variance 164.3478
Standard deviation 12.8198

Treatment of CD infections is complicated, aimed at both
improving symptoms and eradicating the infection. There
are multiple treatment variants: antibiotic or non-antibiotic
(probiotics, fecal transplants, surgical, antibodies, photo-
dynamic therapy). Currently, metronidazole, vancomycin,
and fidaxomycin antibiotics are used, choosing one over
the other depending on the severity of the infection, cost,
doctor's experience, and other factors (7). In some cases,
Clostridium difficile infection (CDI) can even result in the
need for a colostomy or even total colectomy surgery (7,8).

Eze et al (2) published an extensive review and meta-
analysis on the risk factors for CDI and recurrent CDI from
published articles between 1990 and October 2016. They
found that there are more than 40 associated risk factors that
can be divided into 3 distinct categories: i) Pharmacological,
ii) Related to host and iii) Clinical characteristics and various
interventions. Among the most common risk factors are
advanced age, comorbidities, antibiotics, proton-pump inhibi-
tors (PPIs), H2 receptor antagonist (H2RA) and exposure to
settings associated with health care. Previous hospitalization
is an important risk factor to be taken into consideration (9).
There seems to be a difference even between infections due to
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TableIII. Patient sex, age, hospitalization period [including days spent in the intensive care unit (ICU)] and previous hospitalization.

Hospitalization
period (days)

Patient no. Sex Age (years) Total ICU Previous hospitalization
1 M 53 45 0 -
2 M 44 9 0 -
3 F 63 27 1 -
4 F 44 14 1 -
5 F 86 7 0 -
6 F 77 18 0 -
7 M 59 3 0 +
8 F 74 24 2 -
9 F 64 19 0 -

10 M 66 18 1 -

11 M 57 32 1 -

12 F 85 13 0 +

13 M 58 11 0 +

14 F 77 30 1 -

15 F 46 16 0 -

16 F 54 43 1 -

17 F 58 1 0 -

18 F 66 8 0 +

19 F 84 64 3 -

20 M 64 10 0 -

21 M 56 15 1 +

22 M 75 25 0 -

23 M 81 11 1 -

24 M 57 13 0 +

Previous hospitalization: +, previously been hospitalized; -, not previously hospitalized.

Table IV. Statistical data concerning the number of hospital-
ization days of the patients (N=24).

Parameter Values (days)
Lowest value 1.0000
Highest value 64.0000
Arithmetic mean 19.8333

95% CI for the mean 13.6365 to 26.0301
Median 15.5000
95% ClI for the median 11.0000 to 24.2533
Variance 215.3623
Standard deviation 14.6752

the administration of antibiotics in the hospital environment
compared to those administered outside the hospital. There
are also differences between the potential of an antibiotic
to cause a CDI. For example, clindamycin, cephalosporins,
carbapenems, fluoroquinolones, and trimethoprim/sulphon-
amides are associated with a doubling of the risk of acquiring
a CDI in a hospital environment and with an increase in 8§ to

20 times for clindamycin and 3 to 5 times for cephalosporins
and quinolones in the community. An insignificant risk was
found in the case of retracyclines. The risk the risk increases
with the extension of the administration timeof antibiotics or
with association of two or more antibiotics altogether (10).
Statistical significance in the case of CDI occurrence was also
found for PPI and H2R A. Although statistical associations can
be made, the extent of the literature, the plausibility of these
findings and the multiple drugs used in these patients alongside
associate comorbidities make it difficult to have a strict causal
relationship between all these risk factors and CDI (2,11). On
the other hand, it seems that CDI is a relevant risk factor for
anastomotic leaks in patients undergoing surgery for colon or
rectal cancer (12).

Comorbidities are another risk factor that may predispose
individuals towards more serious CDI. Previous studies have
found that gastrointestinal comorbidities (inflammatory
bowel disease, cirrhosis), congestive heart disease, chronic
pulmonary disease, renal failure, and malignant neoplasms
are associated with higher mortality rates among patients with
CDI (9).

There are few studies available concerning CDI in the
surgical setting. Most of these studies have been published
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Table V. Comorbidities of the patients with CDI.

Comorbidities

Patient no.  Oncological Cardiovascular  Surgical Pulmonary Diabetes mellitus Renal  Cirrhosis  Pancreatic
1 - - - - + - - -
2 - - - + - - - +
3 - + - + - + - -
4 + - - + - + - -
5 + + + - + - - -
6 + + - - - - - -
7 - - - + - - - -
8 - + - - + - - -
9 - - - + - - - -
10 - + - - + - - -
11 - + - - - - - -
12 + - - - - - - -
13 - - - + - - + -
14 - + - - + + - -
15 - - + - - - - -
16 - + - + + - - -
17 - - - - - - - -
18 - - + - - - - -
19 - + + + - - - -
20 - + + + + - - -
21 - - - - - - - -
22 - + - - - - - -
23 + + - - - - - -
24 - + + - + - - -

CDI, Clostridium difficile infection. +, suffering from the mentioned comorbidities; -, not suffering from the respective comorbidity.

recently (in the last 5 years) in more affluent regions such
as North America and Western Europe (11). Thus, there is a
growing need for investigating CDI worldwide, particularly in
poorer countries.

Efforts have been made to develop specific antibiotic use
protocols in order to decrease the incidence of CDI among
surgical patients. The main focus is on reducing perioperative
antibiotic use (10). There are studies that have demonstrated
the effectiveness of new antibiotic policies that recommend
narrower-spectrum antibiotics as well as lower doses. These
studies have reported a 2- to 6-time decreased risk of CDI. The
use of additional antimicrobials, broad-spectrum antibiotics,
and prolonged prophylaxis increase the risk of postoperative
CDI (10).

The latest available guidelines on this particular subject
are from the World Society of Emergency Surgery published
in 2015 and updated in 2019. It is well known that surgery, and
particularly gastrointestinal surgery, may predispose patients
to the development of CDIs. Some reasons for this are the
widespread use of broad-spectrum antibiotics, the increasing
number of surgeries on the elderly and the immuno-compro-
mised as well as the emergence of more virulent strains
of bacteria (ribotype 027) (13-15). In regards to digestive
surgeries, patients with the highest risk for an ulterior CDI

development are those undergoing colectomies, small-bowel
resections and gastrectomies (10).

In conclusion, patients with primary pathologies related
to the digestive tract are more prone to develop CDI. Most
patients included in this study had an ATLAS score of 3,
while the highest score calculated was 5. Thus, the infections
encountered in the studied group of patients were fortunately
not severe. Most patients had more than one associated disease.
Protocols for decreasing perioperative antibiotic usage should
be taken into consideration as antimicrobials are the most
relevant risk factor in the development of CDI.

Acknowledgements

Not applicable.

Funding

Not applicable.

Availability of data and materials

All data generated or analyzed during this study are included
in this published article.



; DIDOS
EJ PUBLICATIONS

Authors' contributions

All the authors were involved in conceiving and designing
the present study. DNP, DI and RP conceived the study.
MCD, OA and GR contributed to the data collection and
performed the data analysis. AP, FS and AB interpreted
the results and wrote the manuscript. All authors read and
approved the final manuscript and agree to be accountable
for all aspects of the research in ensuring that the accuracy
or integrity of any part of the work are appropriately inves-
tigated and resolved.

Ethics approval and consent to participate

Not applicable as the study was retrospective and the data were
completely anonymized.

Patient consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

References

1. Burke KE and Lamont JT: Clostridium difficile infection: A
worldwide disease. Gut Liver 8: 1-6, 2014.

2. Eze P, Balsells E, Kyaw MH and Nair H: Risk factors for
clostridium difficile infections - an overview of the evidence base
and challenges in data synthesis. J Glob Health 7: 010417, 2017.

3. Lteif L: The Daniel K. Inouye college of pharmacy scripts updates
on clostridium difficile infection. Advances in laboratory testing
to aid diagnosis and treatment. Hawaii J] Med Public Health 76:
59-64, 2017.

4. New Clostridium Difficile Guidelines-Society for Healthcare
Epidemiologyof America.https://www.shea-online.org/index.php/
journal-news/website-highlights/572-new-clostridium-difficile-
guidelines. Accessed June 27, 2021.

EXPERIMENTAL AND THERAPEUTIC MEDICINE 22: 1112, 2021 5

5. McDonald LC, Gerding DN, Johnson S, Bakken JS, Carroll KC,
Coffin SE, Dubberke ER, Garey KW, Gould CV, Kelly C, 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 19: el-e48, 2018.

6. Miller MA, Louie T, Mullane K, Weiss K, Lentnek A, Golan Y,
Kean Y and Sears P: Derivation and validation of a simple clinical
bedside score (ATLAS) for clostridium difficile infection which
predicts response to therapy. BMC Infect Dis 13: 148, 2013.

7. Rineh A, Kelso MJ, Vatansever F, Tegos GP and Hamblin MR:
Clostridium difficile infection: Molecular pathogenesis and novel
therapeutics. Expert Rev Anti Infect Ther 12: 131-150, 2014.

8. Kelly CP, Lamont T and Bakken JS: Clostridioides (formerly
Clostridium) Difficile Infection in Adults: Treatment and
Prevention. Post TW (ed). UpToDate, Waltham, MA, 2021.

9. Lin HJ, Hung YP, Liu HC, Lee JC, Lee CI, Wu YH, Tsai PJ and
Ko WC: Risk factors for clostridium difficile-associated diarrhea
among hospitalized adults with fecal toxigenic C. difficile colo-
nization. ] Microbiol Immunol Infect 48: 183-189, 2015.

10. Balch A, Wendelboe AM, Vesely SK and Bratzler DW: Antibiotic
prophylaxis for surgical site infections as a risk factor for infec-
tion with clostridium difficile. PLoS One 12: 1-10, 2017.

11. Suljagi¢ V, Miljkovi¢ I, Starc¢evi¢ S, Stepi¢ N, Kosti¢ Z,
Risk factors for clostridium difficile infection in surgical
patients hospitalized in a tertiary hospital in Belgrade, Serbia: A
case-control study. Antimicrob Resist Infect Control 6: 4-9, 2017.

12. Calu V, Toma EA, Enciu O and Miron A: Clostridium diffcile
infection and colorectal surgery: Is there any risk? Medicina
(Kaunas) 55: 683, 2019.

13. Sartelli M, Malangoni MA, Abu-Zidan FM, Griffiths EA,
Bella SD, McFarland LV, Eltringham I, Shelat VG, Velmahos GC,
Kelly CP, et al: WSES guidelines for management of clostridium
difficile infection in surgical patients. World J Emerg Surg 10:
38,2015.

14. SartelliM,DiBellaS,McFarland LV,Khanna S, Furuya-KanamoriL,
Abuzeid N, Abu-Zidan FM, Ansaloni L, Augustin G, Bala M, et al:
2019 update of the WSES guidelines for management of clostridi-
oides (Clostridium) difficile infection in surgical patients 11 medical
and health sciences 1103 clinical sciences. World J Emerg Surg 14:
8,2019.

15. Sandru F, Popa A, Petca A, Miulescu RG, Constantin MM,
Petca RC, Constantin T and Dumitrascu MC: Etiologic role of
borrelia burgdorferi in morphea: A case report. Exp Ther Med 20:
2373-2376,2020.


https://www.spandidos-publications.com/10.3892/etm.2021.10546

