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Abstract

Objectives: Chlorhexidine is seen as the golden standard of disinfectants. It is widely used to clean
surgical sites. Many articles indicate resistance of pathogens to chlorhexidine. One study indicated that
pathogenic micro-organisms were isolated from the soft palate cleft region in 57% of patients with facial
clefts. The objective was to determine if chlorhexidine application is effective in removing pathogens
from the surgical site in these patients. Secondly, if any pathogens were isolated, are they resistant to
any other antimicrobials.

Design: A descriptive observational study was designed and all patients (N = 50) that presented for
primary repair of the soft palate cleft were included in the study. The average age of patients is 7 months
and 16 days with 25 male and 25 female.

Settings: A private practice that specializes in facial cleft surgery, with a country wide patient base was
the research site. All procedures were executed by one Oral and Maxillofacial surgeon.

Participants: All patients that presented for primary repair of the soft palate cleft were included in the
study. Inclusion criteria: written consent from parents, and patients cleared as systemic healthy by a
pediatric physician.

Methods: Swabs were taken from the surgical site of all 50 patients with cleft soft palate and were sent
for culture, identification and antimicrobial sensitivity. The swabs were taken before disinfecting the site
as well as after 2 minutes of disinfecting the surgical site with Chlorhexidine. Results were compared
against each other.

Results: Forty seven patients showed positive cultures with 28 different pathogenic micro-organisms
that were identified before cleaning the surgical site with the chlorhexidine. The most dominant

pathogens were K pneumonia (n= 22), H influenza (n=18) and S aureus (n=10). Thirteen of the 28
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pathogens were still present on the second swabs taken after disinfecting with chlorhexidine. K
pneumonia (n=13), H influenza (n=11) and S aureus (n=9) were still the most prevalent pathogens.

Conclusions: This study demonstrated that 61 of the total of 113 pathogens isolated (54%), survived
after 2 minutes of disinfecting the surgical and surrounding area with CHG, thus intensifying the

chances of post-operative infection.

Keywords: Chlorhexidine, resistance, pathogens, cleft soft palate

Chlorhexidine in cleft palate surgery Page 3
Copyright © 2018 Marshfield Clinic Health System



Roode and Bitow doi: 10.3121/cmr.2018.1385

Introduction

Pathogenic microorganisms with resistance to anti-microbial drugs are a major concern in surgical
treatment of facial clefts.! This is especially a factor in the treatment of soft and hard palate clefts where
post-operative infection can lead to the formation of oro-nasal fistulas or even breakdown of the whole
surgical site. A complication like this will have a detrimental effect on future feeding and speech of the
patient, creating the need for additional surgical interventions. As more evidence of resistance of
pathogenic micro-organisms against anti-microbial drugs is published, the question comes to mind: How

much resistance has developed against chlorhexidine?

Micro-organisms like Klebsiella pneumonia, Haemophilus influenza and Staphylococcus aureus are
opportunistic pathogens that is often detected pre-operatively in infants that present for the first stage of
repair of the soft palate, and is of increasing importance.* Of great concern are the recent outbreaks of

carbapenemase producing K. Pneumonia.®

Chlorhexidine was first introduced commercially in the United Kingdom as a disinfectant and topical
antiseptic in 1954.%7 It is effective against Gram-negative, Gram-positive bacteria and fungi and kills by
disruption of the cell membrane. Thus, it was set as the golden standard for surface and surgical site
disinfectant.®*° One study™ demonstrated the effectiveness of antimicrobial surgical gloves of which the
inner surface is coated with chlorhexidine digluconate (CHG), against K pneumonia after a 2h wear
time. The authors found that a mean reduction factor of 6.22 logio was achieved after 5 minutes’ contact.
A study done in a “Long-term acute care hospital” had success in controlling an outbreak of Klebsiella
pneumonia carbapenemase (KPC)-producing K pneumonia by combining daily 2% CHG baths for

patients with enhanced environmental cleaning, surveillance cultures at admission, serial point
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prevalence surveillance (PPS), isolation precautions, and training of personnel.” Numerous additional

studies have also confirmed the effectiveness of chlorhexidine®™®™

and, its effectivity against biofilm
formation was also proven.® However, other research projects have found that the effectiveness of

chlorhexidine against K pneumonia is greatly reduced.*’?

A study in a hospital environment in China observed that isolates of Staphylococcus aureus showed
reduced susceptibility to chlorhexidine” and was confirmed in Taiwan.?? It was also stated that the
“reduced microbial susceptibility to biocides represents a serious cause for concern in the clinical
environment”.?® In a study done on soft palate cleft patients," results indicated that 35 patients out of the
total of 200 were infected pre-operatively with K pneumonia. This pathogen also showed the highest
resistance to anti-microbials. H influenza, S aureus and 20 other micro-organisms were also isolated pre-

operatively.

The protocol for the first stage of soft palate cleft repair at the Wilgers Surgical Center Pretoria, uses
CHG as disinfectant on the area to be operated to remove all pathogenic micro-organisms in an effort to
minimize post-operative infections as much as possible. In light of above mentioned literature the
objective is to determine if chlorhexidine application is effective in removing pathogens from the
surgical site in these patients and if any pathogens were isolated, are they resistant to any other
antimicrobials. Answering this objective can guide all surgical disciplines that make use of CHG as

disinfectant of the surgical site.
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Methods

A descriptive observational study was designed and approved by the Faculty of Health Science Research
Ethics Committee (467/2015) of the University of Pretoria. All patients (N = 50) that presented for
primary repair of the soft palate cleft were included in the study. Only patients where written consent
from the parents was received and that were cleared as systemic healthy by a pediatric physician were
included in the study. Patients with systemic infections (e.g. flu) and / or any local infections (e.g.
tonsillitis) were excluded from the study. History of previous medications prescribed to the patients was

not recorded. All procedures were executed by one Oral and Maxillofacial surgeon.

The Copan Transystem® Bacteriology Swab Collection system with Amies Agar Gel® for aerobic and
anaerobic culture was used to collect and transport specimens. The first swab was taken pre-operatively
from the cleft soft palate and adjacent nasopharynx of all patients immediately after they were
anaesthetized (general anesthesia) by removing the swab from the sterile packing, rubbing it gently
against the mucosa of the indicated area, inserting the swab in the transport tube to seal it and marked as
“Pre-cleaning”. Next, the mouth and oro-pharyngeal area were cleansed (disinfected) with a
chlorhexidine solution (Andolex-C Oral Rinse)® for 2 minutes. The cleaning was done by using three
sterile sponges (40 x 70 x 20mm attached to a plastic spatula of 150mm) that were soaked in the
chlorhexidine solution. The sponges were applied by rubbing the whole mouth and oro-pharyngeal area
consecutively to make up the 2 minutes. A second swab was then taken from the cleft soft palate and
nasopharynx and marked as “Post-cleaning”. All swabs were transported in this format within 1 hour to
a laboratory for culturing in order to determine the type, colony size and sensitivity of any possible

micro-organisms.
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The organisms were isolated using standard microbiological methods: all samples were inoculated onto
a non-selective blood agar plate as well as a selective and differential MacConkey agar plate. Plates
were incubated overnight at 35 degrees Celsius. Next morning, incubated colonies are transferred to a
target slide that is introduced into VITEK® MS, an automated mass spectrometry microbial
identification system for identification of pathogens. Kirby-Bauer antibiotic testing was utilized to
determine antimicrobial sensitivity or resistance to indicate which antimicrobial agents will be effective

in treating the patient if any infections develop.

Pre-cleaning and post-cleaning data from the laboratory results were recorded per patient and analyzed
in Excel®. Frequencies and proportions, with 95% confidence intervals are used to describe the
presence of bacteria in patients, before and after cleaning, as well as the proportion of the bacteria that

was eliminated.

Results
From the swabs taken prior to disinfecting with chlorhexidine, pathogenic micro-organisms could be

cultured in all but 3 patients (n = 47).

The average age of the 50 patients is calculated at 7 months and 16 days (Standard deviation: 3 months
18 days). There is an equal sex distribution with 25 patients male and 25 female. Race distribution is as

follows: Indian (3), Black (10) and White (37).

Of the 47 patients that showed positive cultures, twenty-eight different pathogenic micro-organisms

were identified (Table 1). K pneumonia was present in 22 of these patients, H influenza in 18 patients
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and S aureus in 10 patients. The following micro-organisms were isolated in 9 patients each:
Enterobacter cloacae, Escherichia coli and Streptococcus mitis/oralis. The rest of the organisms
numbered between 1 and 4 patients with 13 of them in only one patient each. A total of 113 pathogens

were cultured from the 47 patients.

Table 1: Pathogens identified pre-cleaning

Micro-organism Number
Acinetobacter baumannii 2
Aeromonas hydrophila/caviae
Candida albicans

Candida famata

Candida kefyr

Candida krusei

Candida lusitaniae

Candida parapsilosis

Candida tropicalis
Chryseobacterium gleum
Citrobacter freundii

Edwardsiella tarda

Enterobacter cloacae

Escherichia coli

Geobacillus thermoglucosidasium
Haemophilus influenza 18
Klebsiella oxytoca 4
Klebsiella pneumonia 22
Neisseria subflava

Proteus mirabilis
Pseudomonas aeruginosa
Pseudomonas putida
Saccharomyces cerevisiae
Serratia marcescens
Staphylococcus aureus 10
Streptococcus mitis/oralis 9
Streptococcus parasanguinis 2
Streptococcus pneumoniae 4

Rlolo|lRr|Rr|RINN R P R R W -

Post-cleaning (disinfecting) cultures isolated 13 different micro-organisms that had various levels of

resistance to chlorhexidine (Table 2). Thirteen out of the 22 K pneumomia cases (59.1%) were not
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eradicated. Out of the 18 H influenza cases, 11 (61.1%) and for the S aureus, 9 of the 10 (90%) survived.
The three organisms, E cloacae, E coli and S mitis/oralis that were present in 9 cases each, had 3

(33.3%), 6 (66.6%) and 7 (77.8%) cases surviving the chlorhexidine.

This result showed that 61 of the 113 pathogens (54%) survived after 2 minutes of disinfecting the

surgical and surrounding area with CHG.

Table 2: Pathogens identified after cleaning / disinfecting with chlorhexidine. Number of pathogens

identified before cleaning indicated in brackets

Micro-organism Number
Aeromonas hydrophila/caviae Q)

1
Candida albicans 1 3
Candida parapsilosis 1 (2
Enterobacter cloacae 3 (9
Escherichia coli 6 (9
Haemophilus influenza 11 (18)
Klebsiella oxytoca 2 4
Klebsiella pneumonia 13 (22)
Pseudomonas aeruginosa (2)

2
Staphylococcus aureus 9 (10)
Streptococcus mitis/oralis 7 (9
2
3

Streptococcus parasanguinis (2)
Streptococcus pneumoniae 4)

Antimicrobial resistance of the pathogens cultured from the pre-cleaning swabs was determined. 76 of
the 113 (67.3%) pathogens showed resistance to different anti-microbial agents that they were tested

against. Table 3 is a summary of the resistance of the 6 most prevalent micro-organisms.

Chlorhexidine in cleft palate surgery Page 9
Copyright © 2018 Marshfield Clinic Health System



Roode and Bitow

Table 3: AB resistance of 6 most predominant pathogens
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AB resistance

Pathogen (N)

|Ab

[No / cases

Klebsiella pneumoniae (22)

Ampicillin

Amoxicillin-Clavulanic Acid ()

Cefuroxime
Cefotaxime
Ceftazidime
Cefepime
Amikacin (1)
Tobramycin (1)
Cotrimoxazole

21

Haemophilus influenzae (18)

Cotrimoxazole
Moxifloxacin

P OIADNEFEPFEPDNWOWPAM®W

Staphylococcus aureus (10)

Pen-G
B-Lactamase +
Cotrimoxazole

(SN
o

Enterobacter cloacae (9)

Ampicillin
Amoxicillin-Clavulanic Acid
Cefuroxime

Escherichia coli (9)

Ampicillin
Amoxicillin-Clavulanic Acid
Cefuroxime

Cefutaxime

Ciprofloxacin
Cotrimoxazole
Tobramycin

Streptococcus mitis/oralis (9)

Ampicillin

Pen-G
Amoxicillin-Clavulanic Acid
Erythromycin

Clindamycin

W o b~ O Wk 1T, NN P OO © Ok N

Discussion

Drug resistance in the medical field is a growing concern on an exponential level and it is of utmost
importance to ensure that the surgical area be pathogen free pre-operatively. With all the information of

infectious diseases on the internet, the widespread use of disinfectants has increased dramatically.
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Chlorhexidine seems to be the most widely used disinfectant® and as a result of this phenomena, more

and more evidence of resistance to chlorhexidine is emerging.*"?®

In 2002, one research study indicated that strains of micro-organisms resistant to antibiotics were also
less susceptible to chlorhexidine.?* The number of anti-microbial resistant organisms indicated in soft
palate cleft patients in the literature,* prompted the current study to investigate what the effectiveness of
disinfecting the surgical site with chlorhexidine in these specific cleft patients is. Post-cleaning cultures
indicated that 61 of the 113 pathogens (54%) isolated pre cleaning, survived after 2 minutes of
disinfecting the surgical and surrounding area with chlorhexidine, demonstrating that it is not as
effective as required. More articles were published in current years where lower susceptibility of
pathogens against chlorhexidine was indicated.”* One study found that the efficacy of chlorhexidine was
weak in comparison to other disinfectants against five pathogens'®. This is in line with our study that
compared similar to two of the same pathogens. In general, Gram-positive bacteria are considered more
sensitive to disinfectants than Gram-negative bacteria due to the composition of the cell wall.® Gram-
negative microbes in this study involve 7 out of the 13 pathogens that survived the chlorhexidine, 4 were

gram-positive and 2 were yeasts.

In this descriptive observational study, the authors found that for the pathogen S aureus, 90% of cases
identified were resistant to chlorhexidine and this compared favorably with other studies that indicated
lesser susceptibility to chlorhexidine.”?® For both patients where Pseudomonas aeruginosa was
detected as well as the two cases where Streptococcus parasanguinis was cultured and the single case of

Aeromonas hydrophila/caviae, 100% resistance to chlorhexidine was indicated (Fig 1) being in line with
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other studies'®?. This is also supported by a study that proved the low susceptibility of Pseudomonas

stutzeri.?®

Micro-organisms

Streptococcus pneumoniae .
Streptococcus parasanguinis I
Streptococcus mitis/oralis GGG
Staphylococcus aureus I
Pseudomonas aeruginosa 1
Klebsiella pneumonia
Klebsiella oxytoca | s
Haemophilus influenza I
Escherichia coli L
Enterobacter cloacae [
Candida parapsilosis  |iem
Candida albicans i
|

Aeromonas hydrophila/caviae

0 5 10 15 20 25

M Post-C ® Pre-C

Figure 1. Pathogenic micro-organisms (Post-C = Post cleaning, Pre-C = Pre-cleaning)

As far back as 1991, research has indicated the resistance of K pneumonia against chlorhexidine.”® One
study found that chlorhexidine-resistant subpopulations of K pneumonia were independent of the
bacterial sequence type,?” while another study proved that Carbapenem-resistant K pneumoniae (CRKP)
has a pan-resistance to disinfectants.’” With this in mind, it is of great concern that 11 fatal cases in one
clinical Centre were connected to CRKP? as well as 5 deaths in France.”® In 2004, the intrinsic

contamination of a 2% chlorhexidine hand soap with K pneumonia was reported.®® In the current study,

Chlorhexidine in cleft palate surgery Page 12
Copyright © 2018 Marshfield Clinic Health System



Roode and Bitow doi: 10.3121/cmr.2018.1385

K pneumonia was the most prominent pathogen cultured pre-cleaning in 22 of the total of 50 cases

treated. Thirteen of the 22 cases (59.1%) were resistant to chlorhexidine.

Comparing antimicrobial resistance of pathogens isolated in this study parallels to other
studies??*?"3L Resistance to the more commonly used antimicrobials equates to the following with
number of pathogens out of the total of 113 indicated in brackets: Ampicillin (20), Amoxicillin-

Clavulanic Acid (25), Cefuroxime (18), Cotrimoxazole (29) and Erythromycin (14).

Limitation of this study is that the results apply to a very special group of patients and might not be
representative of the general population. Of concern is that such a high number of antimicrobial resistant

micro-organisms was cultured in a patient group where the average age is 7.5 months.

The purpose of disinfecting a surgical site is to remove all pathogens to prevent post-operative
infections. The results of this descriptive observational study indicates that CHG is less than 50%

effective as disinfectant in cleft soft palate patients.

Conclusion

The resistance of pathogens to the golden standard of disinfectants, chlorhexidine, leads to the more
intensive use of antimicrobials to reduce the post-operative complications of infection. This practice is
leading to the negative effect of a wider usage of antimicrobials that leads to greater resistance of the
pathogens to these antimicrobials. This results indicates that surgeons should refrain from using CHG as

a surgical site disinfectant and use a more effective substitute. A natural alternative like honey, that in
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vitro does not have any antimicrobial resistance to it, should be tested in vivo for its effectiveness. It

might just be the ideal solution.
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