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Introduction: Surgical site infections (SSIs) are one of the most frequently reported

hospital acquired infections associated with significant spread of antibiotic resistance.

Purpose: We aimed to evaluate a bundle-based approach in reducing SSI at acute surgical

intensive care unit of the Emergency Hospital of Cairo University.

Patients and Methods: Our prospective study ran from March 2018 to February 2019 and

used risk assessment. The study was divided into three phases. Phase I: (pre-bundle phase)

for 5 months; data collection, active surveillance of the SSIs, screening for OXA-48 produ-

cing Enterobacteriaceae and multidrug resistant Acinetobacter baumannii colonizers using

Chrom agars were carried out. Phase II: (bundle-implementation) a 6-S bundle approach

included education, training and postoperative bathing with Chlorhexidine Gluconate in

collaboration with the infection control team. Finally, Phase III: (post-implementation) for

estimation of compliance, rates of colonization, and infection.

Results: Phase I encompassed 177 patients, while Phase III included 93 patients.

A significant reduction of colonization from 24% to 15% (p<0.001) was observed.

Similarly, a decrease of SSI from 27% to 15% (p=0.02) was noticed. A logistic regression

was performed to adjust for confounding in the implementation of the bundle and we found

a 70% reduction of SSI odd’s ratio (OR’s ratio = 0.3) confidence interval (95% CI 0.14–0.6)

with significant Apache II (p=0.04), type of wound; type II (p=0.002), type III (p=0.001) and

duration of surgery (p=0.04) as independent risk factors for SSI. Klebsiella pneumoniae was

the most prevalent organism during phase I (34.7%). On the other hand, A. baumannii was

the commonest organism to be isolated during phase III with (38.5%) preceding

K. pneumoniae (30%).

Conclusion: Our study demonstrated that the implementation of a multidisciplinary bundle

containing evidence-based interventions was associated with a significant reduction of

colonization and SSIs and was met with staff approval and acceptable compliance.
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Introduction
Surgical site infections (SSIs) are one of the most frequently reported hospital-

acquired infections (HAI) associated with significant spread of antibiotic resistance.

It is estimated that almost half of SSIs are largely avoidable through proper

infection prevention and control (IPC) measures. The World Health Organization

(WHO) recommended more high-quality interventional research-based in low- and

middle-income countries (LMICs) to assess different measures to reduce SSI rates.1
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Colonization with multidrug resistant bacteria is

a major risk factor of acquiring postoperative infection

especiallyas multidrug-resistant organisms (MDRO) can

survive on hospital surfaces for months and they are

transmitted to patients directly through the environment

or colonized persons and indirectly from contaminated

hands.2

As previous studies in our institute showed alarming

predominance of OXA 48 producing Enterobacteriaceae

colonization in intensive care units and infections with

MDR-Acinetobacter baumannii in SSI.2–4

A recently published study used the national healthcare

associated-infections surveillance data from 2011 to 2017

in the Egyptian intensive care units showed that 54.1% of

Enterobacteriaceae were carbapenem resistant (CRE)

dominated by Klebsiella spp.5 Thereby, this study used

a systemic care bundle that encompassed 5-S evidence-

based preventive measures across the phases of periopera-

tive care to assess the effectiveness of care bundles to

reduce SSI at the acute surgical intensive care unit of

Cairo University Emergency Hospital.

Materials and Methods
Our prospective study started from March 2018 to

February 2019 in acute surgical intensive care unit of

Emergency Kasr El Ainy hospital. The study started with

risk assessment to detect the highest hospital-acquired

infection rates. The study was approved by the ethical

committee of the Clinical and Chemical Pathology

Department and the Ethical Research Committee of the

Faculty of Medicine, Cairo University. All patients pro-

vided written informed consent, in accordance with the

declaration of Helsinki

The study was divided into three phases:

Phase I: (pre-bundle phase) during the first 5 months of the

study after exclusion of burn patients. SSI was defined by the

Centers for Disease Control and Prevention (CDC) as

a proliferation of pathogenic microorganisms which develops

in an incision site either within the skin and subcutaneous fat

(superficial), musculo-facial layers (deep), or in an organ or

cavity, if starting during surgery or occurring within 30 days

after the operative procedure. All SSI cases had drained pus

from the deep incision in addition to one or more of the

following criteria: 1) A deep incision that impulsively

dehisced or is purposely opened by a surgeon and was cul-

ture-positive; and 2) plus one of the following signs or symp-

toms: fever (>38°C), localized pain, or tenderness.4,6

Causative organisms of SSI were predominated by

gram negative MDROs as shown by the unit antibiogram

and phase I collected data. Therefore, screening for colo-

nization with OXA-48-type (CPE) and screening for colo-

nization with A. baumannii using Chromagars were done

according to the manufacturer's instructions as shown in

Figures 1 and 2 respectively.

Time of swabbing was on admission to hospital or

within 24 hours of admission, after 7 days, or on discharge

Figure 1 Chromogenic media (ChromID OXA-48) for detection of OXA-48-type

carbapenemase-producing Enterobacteriaceae.

Figure 2 CHROMagar Acinetobacter for detection of MDR A. baumannii.
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from the unit when length of stay was > or = to 4 days.7,8

Swabs were taken from the rectum after pre-moistening

then transported to the microbiology laboratory for proces-

sing. Colonization is considered if at least one body site

was positive before bathing during decolonization: it

counted if negative culture or reduction in colony count

was obtained.8 The swabs were directly inoculated onto

a chromID OXA-48 plate. The plates were incubated over-

night at 35°C in ambient air and then examined for growth

(Klebsiella, Enterobacter, and Citrobacter spp., metallic

blue colonies; Escherichia coli, dark pink or red colonies;

and Proteus spp., brown halo). We also checked for isola-

tion of CPE within 18–20 hours.

Bacterial identification was done by Vitek 2 automated

system according to the manufacturer's recommendations.

Multidrug resistance (MDR) was defined as acquired

non-susceptibility to at least one agent in three or more

antimicrobial categories, XDR was defined as non-

susceptibility to at least one agent in all but two or fewer

antimicrobial categories (ie, bacterial isolates remain sus-

ceptible to only one or two categories) and PDR was

defined as non-susceptibility to all agents in all antimicro-

bial categories.9 Confirmatory phenotypic detection of

extended spectrum beta lactamase (ESBL) was done by

approximation test according to the CLSI (2017).10

Whereas phenotypic detection of methicillin resistant-

Staph aureus (MRSA) was done by cefoxitin susceptibility

test according to the CLSI (2017).9,10 An approximation

test was used to detect AmpC according to Gupta et al.11

Phase II: (bundle training phase) included meetings,

education and training of personnel including doctors,

nurses and workers on the implementation of the Bundle

components with collaboration with the infection control

team. It took several weeks to ensure adequate training and

compliance.

Phase III: Finally, a 6-S step approach including:

1. Standardized antimicrobial prophylaxis policy

according to international and national guidelines

Administer antimicrobial prophylaxis in accordance

with evidence-based standards and guidelines. Administer

within 1 hour prior to incision (2 hours for vancomycin

and fluoroquinolones).12 During surgery; re-dose with

antibiotics at 3 hour-intervals in procedures with

a duration >3 hours. Adjust antimicrobial prophylaxis

dose for obese patients (body mass index >30) or select

appropriate agents.13

2. Skin preparation with proper antiseptics according to

Álvarez et al 2018.14

3. Sterile dressings and proper wound care to protect the

incision according to Bradford andHamerslagh, 2018.15

4. Safe operating room environmental cleaning and

disinfection of OR as well as maintenance of the

ventilation system (the bacterial threshold limit for

an empty operation room is 35 colony-forming unit

per cubic meter CFU/m3) and minimizing the OR

traffic with continuous monitoring of compliance

through repeated audits using audit tool and calcu-

lating the percentage of compliance.6

5. Showers and decolonization with chlorhexidine glu-

conate 4% during the hospital stay.

Twice daily care with chlorhexidine according to

Universal ICU Decolonization Protocol for CHG Bathing.

The patients received daily CHG bathing with no-rinse, 4%

CHG-impregnated cloths, which was performed by certified

nurses.

6. Screening for colonization

Rescreening for colonization with OXA-48-type (CPE)

and screening for colonization with A. baumannii to eval-

uate the effect of decolonization with CHG bath.

Statistical Methods
Data were coded and entered using the statistical package

SPSS (Statistical Package for the Social Sciences) version

25. Data was summarized using mean, standard deviation,

median, minimum and maximum in quantitative data and

using frequency (count) and relative frequency (percen-

tage) for categorical data. Comparisons between quantita-

tive variables were done using the non-parametric Mann–

Whitney test.16 For comparing categorical data, Chi square

(χ2) test was performed. Exact test was used instead when

the expected frequency is less than 5.17 P-values less than

0.05 were considered as statistically significant.

Results
Demographic data and patient characteristics during phase

I encompassed 177 patients who had surgeries and were

admitted to the SICU; including 109 males (61.6%) with

a mean age of 46.53± 21.56 years, while during Phase III,

93 patients had surgeries and were admitted to the SICU;

50 patients were male (53.8%) with a mean age of 46.04±

21.28 years.
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The number of days of antibiotic use in both phases (I and

III) are nearly equal (12.47) and (12.18) with no significant

difference, while the average length of hospital stay showed

a statistically significant difference between phase III

(8.1 days) and phase I (14.58 days) with a p-value <0.001.

The APACHE II score showed a statistically significant

difference between both phases 0.025.

Both study groups were comparable regarding: type of

operation with both groups showing a high percentage of

gastrointestinal surgeries (58%) and (54.8%) respectively

in the phase I and III groups; wound class, the first

and second groups had a high prevalence of clean con-

taminated surgeries (43.2%) and (39.1%) respectively,

duration of surgery, preoperative antibiotic prophylaxis

use which showed a significant rise in phase III and

inserted devices; there was a significant decrease in venti-

lator use within phase III group compared to the baseline

reading (Table 1).

The rate of SSI showed a significant reduction in rates

from 49 (27%) during Phase I to 14 (15%) for patients of

phase III, (p=0.02). As for the causative organisms, K.

pneumoniae was the most prevalent during phase I with

(34.7%). On the other hand, A. baumannii was the com-

monest organism to be isolated during phase III with

(38.5%) preceding K. pneumoniae (30%). Also, (6%) and

(1%) in the two phases respectively were negative in

culture despite clinical diagnosis of deep infection. The

incidence rate of deep SSI is much higher than that of

superficial SSI as shown in Table 2.

A logistic regression was performed to adjust for con-

founding in the implementation of the bundle is indepen-

dently associated with a 70% reduction of SSI odd’s ratio

(OR’s ratio = 0.3) confidence interval (95% CI 0.14–0.6)

with significant Apache II (p=0.04), type of wound; type II

(p=0.002), type III (p=0.001) and duration of surgery

(p=0.04) as independent risk factors for SSI, other SSI

risk factors including age, gender, length of hospital stay,

type of operation, devices, antibiotic prophylaxis and pre-

sence of other infections were insignificant. The average

duration of surgery was not significantly different between

thepre-implementation and post-implementation phases,

2.1 (0.9), and 2.4(1) respectively (p=0.07).

The decolonization policy using chlorhexidine gluco-

nate resulted in a substantial reduction of colonization rate

to 48% from 73% (p=0.009) as shown in Table 3.

The most frequent antibiotic used in phase I and phase

III was imipenem (61%) and (38%) respectively. Followed

by vancomycin (51%) in phase I which declined to (6.5%)

in phase III, while cefepime was the second most used

antibiotic in the phase III (Table 4). The compliance was

calculated to individual bundle components by auditing

the checklist as shown in Figure 3.

Discussion
The implementation of the decolonization policy using

CHG in our hospital was independently associated with

a substantial 70% significant reduction of SSI rate (OR’s

ratio = 0.3) (95% CI, 0.14–0.6) after adjustment for

confounders, the significance of this improvement is

obvious, in view of the unfavorable outcomes allied

with SSI. With the decolonization protocol using chlor-

hexidine bathing every other day implemented by Swan

et al (2016)18 and Stambough et al (2017),19 therefore

Table 1 Operative Data for All Patients Who Had Surgery at the

SICU During the Phase I and Phase III. Data are Presented as

Frequencies (Percent)

Phase I

(Total 177)

Phase III

(Total 93)

P-value

Count % Count %

Type of Operation

Head and neck 4 2.2% 1 1.1%

Abdominal 103 58.1% 51 54.8%

Vascular 27 15.3% 18 19.4%

Neurosurgery 17 9.6% 11 11.8%

Orthopedic 12 6.8% 8 8.6%

Urology 5 2.8% 3 2.1%

Cardiothoracic 5 2.8% 0 0.0%

Plastic 2 1.1% 1 1.1%

Obstetrics and

Gynecology

1 0.6% 0 0.0%

Ophthalmic 1 0.6% 0 0.0%

Abdominal and Vascular 0 0.0% 1 1.1%

Class of wound

Clean 66 37.5% 31 33.7% 0.063

Clean contaminated 76 43.2% 36 39.1%

Contaminated 24 13.6% 23 25.0%

Dirty 10 5.7% 2 2.2%

Duration of surgery

One hour 52 29.5% 21 22.8% 0.175

Two hours 57 32.4% 26 28.3%

Three hours 61 34.7% 37 40.2%

More than three hours 6 3.4% 8 8.7%

Antibiotic prophylaxis 96 54.2% 86 92%* <0.001

Devices

Urinary catheter 107 60.5% 62 66.7% 0.316

Ventilator 105 59.3% 37 39.8%* 0.001

Drain 103 58.1% 51 54.8% 0.597

Note: *Denotes significant difference between both groups.
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there was a significant decrease in both colonization and

SSI rate.

Using regression analysis in the present study, the

APACHE II scoring was shown to be an independent risk

factor for SSI (p=0.04). Agarwal et al (2018)20 also reported

that Apache II scoring correlated well in predicting surgical

outcome in patients of perforation peritonitis with the hospi-

tal and ICU stay. In a study conducted by Ishihata et al

(2018)21 the APACHE II score (13.0 ± 2.58) was signifi-

cantly higher in patients with than in those without post-

operative complications (P < 0.05). Accurate identification

of risk factors is essential for developing strategies to prevent

upsetting infections. Our study detected that clean contami-

nated and contaminated class of wound were also indepen-

dent risk factors for SSI; (type II (p=0.002), type III

(p=0.001) respectively). Ortega et al (2012)22 carried out

a study that demonstrated substantially lower rates of surgical

site infections in the contaminated and dirty wound classifi-

cations than previously reported in the literature. This was

unlike a study conducted by Aga et al (2015)23 and

Hennessey et al (2016)24 detected that having a clean/

Table 2 Details of Surgical Site Infection in Phase I and III

Phase I

(Total 49/177)

Phase III

(Total 14/93)

P-value

Count % Count %

SSI Rate 49 27.6% 14 15.0% <0.001

Type of SSI

Deep 22 45.8% 7 53.8% 0.837

Deep with organ 25 52.1% 6 46%

Superficial 1 2.1% 0 0.0%

Causative organism

Klebsiella pneumoniae 17 34.7% 4 30.8% 0.108

Mixed Colonizers 11 22.4% 0 0.0%

Acinetobacter

baumannii

7 14.3% 5 38.5%

No growth 6 12.2% 1 7.7%

Methicillin-resistant

Staph aureus (MRSA)

3 6.1% 0 0.0%

Pseudomonas aeruginosa 2 4.1% 2 15.4%

Providencia stuartii 1 2.0% 0 0.0%

Proteus vulgaris 1 2.0% 0 0.0%

Staph aureus 1 2.0% 0 0.0%

Enterococci faecalis 0 0.0% 1 7.7%

Pattern of resistance

Extended spectrum

B lactamase (ESBL)

3 6.1% 1 7.1% 0.119

AmpC 6 12.2% 1 7.1%* 0.007

AmpC and ESBL 1 2.0% 0 0% 0.345

Note: *Denotes significant difference between both groups.

Table 3 The Table Shows the Decolonization Rate in the Phase III

Screening First Sample (Total

77)

Second Sample (Total

68)

P-value

Count % Count %

Acinetobacter MDR screening (nasal and axillary) Yes 33 42.8% 11 16.1% 0.005

First sample (Total 71) Second sample (Total 62) P-value

Acinetobacter MDR screening (anal) Yes 45 63.3% 21 33.87% 0.007

Screening First sample (Total 80) Second sample (Total 54) P-value

OXA 48 MDR screening Klebsiella pneumoniae 26 32.5% 6 11% 0.004

No growth 40 50% 42 77.7% 0.001

E. coli 7 8.7% 6 11% 0.652

Both 7 8.7% 0 0% 0.001

Table 4 Antibiotics Used in the Treatment of Patients in Phases

I and III

Phase I Total

(177)

Phase III Total

(93)

P-value

Count % Count %

Imipenem 108 61% 36 38.7%* 0.011

Vancomycin 90 51.0% 6 6.5%* < 0.001

Cefepime 7 4.0% 32 34.4%* < 0.001

Cefoperazone/sulbactam 4 2.0% 0 0.0% 0.345

Clindamycin 14 8.0% 6 6.5% 0.737

Piperacillin/tazobactam 7 4.0% 5 5.4% 1

Metronidazole 0 0.0% 11 11.8%* 0.016

Tigecycline 0 0.0% 2 2.2% 0.545

Meropenem 7 4.0% 14 15.1%* 0.049

Fluconazole 4 2.0% 6 6.5% 0.422

Teicoplanin 0 0.0% 4 4.3% 0.298

Ceftriaxone 7 4.0% 1 1.1% 0.274

Note: *Denotes significant difference between both groups.
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contaminated wound were associated with reduced risk of

SSI. In our study the duration of surgery was found to be an

independent risk factor for SSI (p=0.04). A prospective mul-

ticenter surveillance for SSI that enrolled more than 3000

patients by Ogihara et al (2015)23 and Hennessey et al

(2016)25 and Cheng et al 201726 showed that operating

time ≥3 hours was found to be significantly associated with

an increased risk of SSI (P < 0.0001). The mean operative

time was approximately 30minutes longer in patients with

SSIs compared with those patients without.26

As for the effect of CHG on colonization and infection,

more than 12 of 14 (86%) studies reported significant reduc-

tions in colonization or infection with one or more of the

pathogens being studied.27,28 In addition, Swan et al (2016)18

stated that the effect of full-body bathing with chlorhexidine

every other day reduced the risk of SSIs by 25%. It is

speculated that the axillary and inguinal skin sites, which

are moist and rich in apocrine glands, may represent micro-

bial niches that are particularly favorable for long-term colo-

nization with MDROs.4,8 CHG bathing can decrease the

bioburden of bacteria and yeasts on patients, the hospital

environment, and the hands of health care workers.29

Our study demonstrated that the implementation of CHG

decolonization policy was associated with significant reduc-

tion of overall risk of surgical site infection after surgery in

the SICU from 24% to 15%. We observed that the

decolonization using CHG reduced the colonization rate

with gram negative MDROs from 73% to 48%.

Nevertheless, Noto et al (2015)30 did not support daily bath-

ing with chlorhexidine as it did not reduce the incidence of

health care–associated infections. Cassir et al (2015)31 pub-

lished a study alternating soap and water bathing with CHG

with reduction of SSI from 56 to 29 patients in the CHG

group in comparison to the control group (P310.01). The

acquisition of K. pneumoniae carbapenemase-producing

Enterobacteriaceae oxa-48 was significantly correlated

with invasive procedure and antimicrobial therapy.32

A study of long-term acute-care hospital (LTACH)

patients by Hayeden et al (2014)26 reported that CHG bathing

was associated with decreased KPC skin colonization. That

study was followed by a stepped-wedge study of LTACHs

carried out by Abbas et al (2018)33 which concluded that the

intervention was associated with reductions in KPC

colonization.33 On the other hand, Chung et al (2015)34

carried out an interrupted time series study in a medical

ICU where 51.8% reduction rate was observed in CRAB

acquisition following the introduction of CHG bathing

(44.0 vs 21.2 cases/1000 at-risk patient-days, P < 0.001).

Klebsiella pneumoniae was the most prevalent organism

during phase I (34.7%)whereas,Acinetobacter baumanniiwas

the commonest organism during phase II (38.5%). In a study

published byBallus et al in 201535Pseudomonas spp. (19.3%),
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Figure 3 Compliance with bundle components (total 93 patients).
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E. coli (20.4%) and Candida spp. (17.1%) were the most

frequently isolated microorganisms from SSIs and were asso-

ciated with a higher incidence of antibiotic resistance (64.9%)

in ICU patients. Nonetheless, in another study by Bhave et al

(2017)36 in India, overall frequency of SSI was 6.17% where

the most common isolates were Staphylococcus aureus, coa-

gulase negative Staphylococci (CONS), E. coli and

Pseudomonas aeruginosa. There are some other limitations

to be mentioned to this study. we cannot exclude the positive

effects of the routine feedback moments and discussions caus-

ing unknown behavior effects on SSI reduction. They may

have contributed to the reduction of SSI-rates as well.

Conclusion
Our study demonstrated that the implementation of multi-

disciplinary bundle containing evidence-based interven-

tions was associated with significant reduction of

colonization from 24% to 15% (p<0.001). Similarly,

a decrease of SSI from 27% to 15% (p=0.02) was met

with staff approval and acceptable compliance.

Disclosure
The authors report no conflicts of interest in this work.
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