Effectiveness of Prevention of Clostridium difficile
Infection by Chemical Methods
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Medical assistance-related infections are acquired through medical care and are caused by germs
resistant to several antibiotics, requiring specific antibiotherapy. One of these germs is Clostridium
difficile, responsible for the occurrence of a large number of cases with diarrheal syndrome lately,
increasing the cost of care per patient, morbidity and mortality. One of the methods of fighting is the
use of disinfectants.
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Disinfectants are substances that can destroy microbial agents. They are mixtures of liquid bactericides, containing at
least two substances, solvents or disinfectants, to be applied on the surface of the objects. They are less effective than
sterilization,they do not destroy the micro-organisms in their entirety, bacteria spores in particular. The ideal disinfectant
should ensure full sterilization, be inexpensive, non-corrosive, non-flammable and should not harmful to users. Most
disinfectants are potentially toxic to animals and humans.

Clostridium is a group of anaerobic bacteria. There are over 1,000 species of Clostridium, better known as Clostridium
difficile, C. perfringens and C.botulinum. Clostridium difficile is a gram-positive, anaerobic germ, accounting for the
occurrence of diarrhea or colitis secondary to antibiotic treatment.Unlike other germs that are multi-resistant to antibiotics,
C. difficile spreads spores which are resistant to the bactericidal effects of alcohol and the disinfectants used in the
hospital routine.

The C. difficile infection is responsible for a large number of healthcare-associated infections (HAI), rivaling today
with other infections with multi-resistant germs, such as Staphylococcus aureus methicillin-resistant (MRSA) [1, 2, 3]and
enterococci resistant to vancomycin (VRE).

For example, in the United States, during the period 2000 - 2009, the number of diagnoses of healthcare associated
infections with C. difficile doubled, infections occurring especially in the elderly.

Clostridium infection prolongs the hospital stay by 2.8 days to 5.5, increases the cost of hospitalization and the
mortality is considered to be 5-10%. That is why it’s important to respect imperative measures which prevent the C.
difficile infection.

Among the species of C. difficile, it seems that I/NAP 1/027 (ribotip 027) strains cause more frequent and severe
infections because these strains produce more A and B toxins and have increased sporulation capacity.

The risk factors for C. difficile are represented by the use of antibiotics in the prior, proton pump inhibitors, above 60
years, hospitalization, severe diseases, immune suppression.

The most important risk factor is the misuse of antibiotics.The antibiotics incriminated in causing infections are
cephalosporins, especially the second and third generation, fluoroquinolones, ampicillin/ amoxicillin, clindamycin.

C. difficile infection complications are severe diarrhea ranging from dehydration to kidney failure (most often
precipitated by dehydration and decreased renal perfusion), toxic megacolon, bowel perforation and death, even being
able to reach 70% despite intensive treatment.[15, 16]

Experimental part

Guideline recommendations to prevent C. difficile infections are: use of gloves, protective coats; educating health
professionals, families and visitors on clinical symptoms, mode of transmission of the disease and its epidemiology;
rigorous hand hygiene with soap and water upon contact with the patient with Clostridium, preferably instead of alcohol
based solutions; measures of cleaning and disinfecting the wards and monitoring devices used in patients with C.
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difficile; cleaning team with utensils used only in those wards; decontamination of wards and departments with
solutions of sodium hypochlorite (household bleach) in 1:10 dilution with water or other sporicidal solution approved by
the Ministry of Health; isolation of infected patients; measure the use of antibiotics.

Disinfection steps are: 1. daily maintenance - care according to current medical interventions, contamination salon;
cleanliness starts with less contaminated wards, each ward begins cleaning less dirty objects; 2. terminal disinfection
(cyclical) - shall be performed if the HAI outbreaks evolve.

For an efficient cleaning and disinfection, cleaning the surfaces with a detergent for degreasing (it removes of fatty
substances that inactivate the disinfectant) is the first step recommended [16]. The disinfection is then continued with
sporocidal substances containing chlorine, kept under suitable conditions, within 24 hours after preparation of the solution
(eg. 10% sodium hypochlorite).

Sodium hypochlorite (NaOCI) is aclear, pale yellow or greenish aqueous solution with a specific odor of chlorine,
obtained from the reaction of soda. Sodium hypochlorite has a wide range of uses and is an effective disinfectant
agent. There is also the possibility of resorting to additional hydrogen peroxide vapor to improve the efficiency of
terminal disinfection.

Given the increased mortality potential and infection with Clostridium difficile, prevention of disease transmission is
very important, along with simple things like handwashing with water and soap.

Methods

The present study has aimed to assess the presence of HCAIs type in ICU C. difficile Emergency County Hospital
"St. Andrew"Galati, correlated with the effectiveness of disinfection methods the study is retrospective, observational,
conducted one year.

Both descriptive and analytical models have been used in the statistical analysis. After collecting the data in an
accesible form in order to ensure their informational character, they were processed. The primary processing, data
systematization through centralization and grouping, respectively, lead to obtaining the primary indicators, which are
presented as absolute values. Based on the primary indicators, through various statistical methods for comparison,
abstraction and generalization, derived indicators were obtained. The data were centralized in Excel and SPSS 13.0
databases andprocessed with the related statistical functions.

Results and discussions

During the period studied (2016) a total of 82 cases of HAI were declared, 13 of which were C. difficile. Out of the 13
cases, five responded to treatment according to guidelines; 7 cases were in progress towards death from multiple causes.
Positive tests for epidemiological control were > 3UFC / cm?,

At the ICU section, besides daily cleaning, disinfection is performed after each transferred case, and terminal
disinfection each week. As disinfectants for the disinfection and cleaning of floors, walls, equipment, devices and medical
instruments, detergent solutions with strong bactericidal properties are used: tuberculocidal (mycobacteria), sporicidal and
virucidal (HIV — 1. HBV, HCV, H1N1. To act against C.difficile, clorigene disinfectant tablets are used in each process of
cleaning, for surfaces, inventory items, equipment, medical devises, and the disinfection of sanitary groups. Over the
course of one year, 13 cases of C. difficile infections (ICD) were declared.

The number of C. difficile infections reported monthly
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Although C. difficile active substances are used every disinfection procedure, cases of DCI were uneven, ranging from
no event (March, April, May, September, November, December) to a maximum of 4 cases in one month (October).
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Over the same period, 81 cases of infectious diseases have been reported (Figure 2).

The number of CDI in HAI
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Fig. 2. The percentage of CDI
in HAI

Regarding the influence of the contamination of the hospital environment, it was found that only during two months
(April and September) the reduction of the bacterial burden is associated with the lack of ICD cases (Figure 3).
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This fact corresponds to the study by Curtis J. Donskey [17] which, considering nine studies about the effectiveness of
certain interventions (daily environmental disinfection, disinfection portable equipment, educating carers etc.) to improve
cleaning and disinfection practices, found that in 7 out of 9 interventions, the number of purchases of pathogens decreased
as a result of the introduction of this practice changed.

There are periods without ICD but with loading of bacterial routine checks, consistent with another finding of the same
study [17]: it is necessary to reduce the bacterial load in the environmemt to zero to decrease the number of new cases of
HAI [18]. There are periods with negative samples but with the presence of cases of C. difficile infection, which could be
explained by the transfer of patients with ICD in other sectors.

Consistent with those found in the present study, a study reveals the ineffectiveness of efforts to improve the
disinfection methods (replacing the usual hypochlorite bleach or hydrogen peroxide 7%) in the control of infections with
C. difficile [19].

Numerous studies proved the effectiveness of sodium hypochlorite as a disinfectant to control outbreaks of C. difficile,
along with other methods such as staff training on cleaning, time spent in contact with disinfectants, cleaning duration. It
also may be taken into account that the use of disinfectants and especially hypochlorite may sometimes be suboptimal,
given that cleaning procedures are difficult to standardize.

In many studies, the effectiveness of sodium hypochlorite as a disinfectant for controlling C. difficile outbreaks has
been proven, along with other methods such as staff training on cleanliness, contact time with disinfectants, cleaning
duration [20].
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These data require further supervision of IAAM cases and especially DCI and effectiveness of disinfection measures,
stressing the importance of C. difficile transmission by direct contact with contaminated hands of staff to patients or
surrounding areas.

Conclusions

Preventing the occurrence and spreading of healthcare associated infections requires sustained efforts deployed for
long periods (years), with the need to implement multiple methods of control.

Besides training for carers and supervising them, protocols should be established for the completing phase or even lists
some steps in the disinfection process.

Disinfection in combination with other methods of prevention methods such as trimming patients with chlorhexidine,
compliance with hygiene of hands, isolation of cases of multi-resistant bacteria, using specific disinfectants and effective
concentrations could help decrease the number of hospital infections.

References

1.MERRIGAN M, VENUGOPAL A, MALLOZZI M, et al. Human hypervirulentClostridium difficile strains exhibit increased sporulation as well as
robust toxin production. /Bacteriol 2010; 192(19), p. 4904-4911.

2.DUBBERKE ER, OLSEN MA. Burden of Clostridium difficile on the healthcare system.Clin Infect Dis 2012; 55(suppl 2), p.S88-S92.

3.WALKER AS, EYRE DW, WYLLIE DH, et al. Relationship between bacterial strain type, host biomarkers, and mortality in Clostridium difficile
infection. Clin Infect Dis 2013;56(11), p.1589-1600.

4.MCDONALD LC, OWINGS M, JERNIGAN DB. Clostridium difficile infection in patients discharged from US short-stay hospitals, 1996-
2003.Emerg Infect Dis 2006;12(3), p. 409-415.

5.RAFILA A, INDRA A, POPESCU GA, WEWALKA G, ALLERVERGER F, BELEA S, BADICUT I, ASCHBACHER R, HUHULESCU S.
Occurrence of Clostridium difficile infections due to PCR ribotype 027 in Bucharest, Romania, 2011 to 2012. J Infect DevCtries (in press)
6.MILLER M, GRAVEL D, MULVEY M, TAYLOR G, BOYD D, SIMOR A, GARDAM M, MCGEER A, HUTCHINSON J, MOORE D, KELLY
S for the Canadian Nosocomial Infection Surveillance Programa. Health care-associated Clostridium difficile infection in Canada: patient age and
infecting strain type are highly predictive of severe outcome and mortality.Clin Infect Dis 2010;50(2), p.194-201

7.MILLER BA, CHEN LF, SEXTON DJ, ANDERSON DJ. Comparison of the burdens of hospital-onset, healthcare facility-associated Clostridium
difficile infection and of healthcare-associated infection due to methicillin-resistant Staphylococcus aureus in community hospitals. Infect Control
HospEpidemiol 2011; 32(4):, p.87-390. 5.

8.COHEN SH, GERDING DN, JOHNSON S, KELLY CP, LOO VG, McDONALD LC, PEPIN J, WILCOX MH, SOCIETY FOR HEALTHCARE
EPIDEMIOLOGY OF AMERICA, INFECTIOUS DISEASES SOCIETY OF AMERICA. Clinical practice guidelines for Clostridium difficile
infection in adults: 2010 update by the society for healthcare epidemiology of America (SHEA) and the infectious diseases society of America
(IDSA). Infect Control HospEpidemiol. 2010 May. 31(5), p. 431-55. [Medline]

9.CENTERS FOR DISEASE CONTROL AND PREVENTION. Vital signs: preventing Clostridium difficile infections. MMWR Morb Mortal Wkly
Rep. 2012 Mar 9. 61(9), p.157-62. [Medline].

10.ZILBERBERG MD, SHORR AF, KOLLEFMH. Growth and geographic variation in hospitalizations with resistant infections, United States,
2000-2005.Emerg Infect Dis 2008;14(11), p. 1756-1758.

11.LUCADO J, GOULD C, ELIX HAUSERA. Clostridium difficile Infection (CDI) Hospital Stays, 2009. HCUP Statistical Brief 124. Rock-ville,
MD: Agency for Healthcare Research and Quality, 2012. http://www.hcup-us.ahrg.gov/reports/statbriefs/sb124.pdf.

12.LOO VG, POIRIER L, MILLER MA, OUGHTON M, LIBMAN MD, MICHAUD S, BOURGAULT AM, NGUYEN T, FRENETTE C, KELLY
M, VIBIEN A, BRASSARD P, FENN S, DEWAR K, HUDSON TJ, HORN R, RENE P, MONCZAK Y, DASCAL A. A predominantly clonal multi-
institutional outbreak of Clostridium difficile-associated diarrhea with high morbidity and mortality. N Engl J Med 2005; 353(23), p. 2442-2449.
13.***US FOOD AND DRUG ADMINISTRATION. FDA DRUG SAFETY COMMUNICATION: Clostridium difficile-associated diarrhea can be
associated with stomach acid drugs known as proton pump inhibitors (PPIs). http://www.fda.gov/Drugs/DrugSafety/ucm290510.htm. 2013 Feb 15.
14.SAILHAMER EA, CARSON K, CHANG Y, ZACHARIAS N, SPANIOLAS K, TABBARA M, ALAM HB, DeMOYA MA, VELMAHOS GC.
Fulminant Clostridium difficile colitis: patterns of care and predictors of mortality. Arch Surg 2009; 144, p.433-439.

15.LAMONTAGNE F, LABBE AC, HAECK O MD, LESUR O, LALANCETTE M, PATINO C, LEBLANC M, LAVERDIERE M, PEPIN J.
Impact of emergency colectomy on survival of patients with fulminant Clostridium difficile colitis during an epidemic caused by a hypervirulent
strain. Ann Surg. 2007; 245, p. 267-72.

16.POPESCU G-A, SZEKELY E, CODITA I, TALAPAN D, SERBAN R, RUJA G. Ghid de diagnostic, tratamentsiprevenire a infectiilor
determinate de Clostridium difficile. Subcomisiapentrulimitarearezistenteibacteriene la antibiotic. http://www.srm.ro/pdf/GHIDURI% 20C%20
DIFFICILE_final.pdf

17.C. J. DONSKEI. Does improving surface cleaning and disinfection reduce health care-associated infections? American Journal of Infection
Control 41(2013), p. S12 — S19

18.HAYDEN MK, BONTEN MJ, BLOM DW, LYLE EA, VAN DE VIJVER DA, WEINSTEIN RA. Reduction in acquisition of vancomycin-
resistant enterococcus after enforcement of routine environmental cleaning measures. Clin Infect Dis 2006; 42:1552-60.

19.VALIQUETTE L, COSSETTE B, GARANT MP, DIAB H, PEPIN J. Impact of a reduction in the use of high-risk antibiotics on the course of an
epidemic of Clostridium difficile-associated disease cased by the hipervirulent NAP1/027 strain. Clin Infect Dis 2007; 45 (Suppl 2):S112-21
20.MACLEOD-GLOVER N, SADOWSKI C. 2010. Efficacy of cleaning products for Clostridium difficile. Can. Fam. Phys. 56:417-423 [PMC free
article] [PubMed]

Manuscript received: 17.08.2018

REV.CHIM.(Bucharest) ¢ 71 ¢ no. 1 ¢« 2020 363 http://www.revistadechimie.ro


http://reference.medscape.com/medline/abstract/20307191
http://reference.medscape.com/medline/abstract/22398844
http://www.hcup-us.ahrq.gov/reports/statbriefs/sbl24.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oughton%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Libman%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Michaud%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bourgault%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nguyen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frenette%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kelly%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kelly%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vibien%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brassard%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fenn%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dewar%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hudson%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Horn%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=René%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Monczak%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dascal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16322602
http://www.fda.gov/Drugs/DrugSafety/ucm290510.htm.%202013%20Feb%2015
http://www.srm.ro/pdf/GHIDURI%25%2020C%20%20DIFFICILE_final.pdf
http://www.srm.ro/pdf/GHIDURI%25%2020C%20%20DIFFICILE_final.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2868609/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2868609/
https://www.ncbi.nlm.nih.gov/pubmed/20463269

REV.CHIM.(Bucharest) ¢ 71 ¢ no. 1 ¢« 2020 364 http://www.revistadechimie.ro



