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Effects of Stepwise Application of Active Surveillance Culture,
Preemptive Isolation, and Chlorhexidine Bed Bath on the Acquisition
of Methicillin—resistant Staphylococcus aureus in Children
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Background: This study aimed to investigate the effects of stepwise strengthening of methicillin-
resistant Staphylococcus aureus (MRSA) infection control on the acquisition and identification
of risk factors for acquiring MRSA in children undergoing cardiac surgery in the paediatric
intensive care unit (PICU).

Methods: Patients who underwent surgery for congenital heart disease between June 2017
and February 2019 were included. As a step-by-step MRSA infection control, step 1 was an ac-
tive surveillance culture, step 2 was to add preemptive contact isolation, and step 3 was to add
a chlorhexidine bed bath. In addition, the medical records of 346 participants were reviewed
retrospectively. The difference between the occurrence of MRSA acquisition and timing was
analysed using the Kruskal-Wallis, chi-square, and Fisher’s exact tests and the risk factors for
children with MRSA were confirmed using logistic regression analysis.

Results: MRSA colonisation occurred in eight patients (6.4%) in stage 1, five (4.0%) in stage 2,
and three (3.2%) in stage 3. MRSA infection occurred in one patient (0.8%) admitted in stage 2.
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17 in stage 3. Steroid exposure was an independent factor influencing MRSA acquisition.
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Conclusion: Due to the small number of participants and short intervention period, the step-
up intervention did not significantly reduce MRSA acquisition. However, as MRSA infection
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Table 1. Characteristics of the subjects by stage (N=346)

ASC, Isolation ASC, Isolation, 2%
Total ASC (n=125) .
Characteristics (n=126) CHG bathing (n=95) XZ P
N (%), Mean+SD (median, range)

Gender 1.538 464
Male 184 (53.2) 72 (57.6) 64 (50.8) 48 (50.5)
Female 162 (46.8) 53 (42.4) 62 (49.2) 47 (49.5)
Age (months) 14.88+26.44 12.50+17.71 12.22421.95 21.56+38.08 2513 285
(5.00, 1.00-170.00)  (5.00, 1.00-122.00)  (4.50, 1.00-170.00)  (6.00, 1.00-170.00)
Body weight (kg) 8.11+6.35 7.50+4.16 7.50+5.73 9.72+8.83 3.792 150
(6.56, 1.84-55.10) (6.20, 2.48-25.80) (6.07, 1.84-55.10) (7.40, 2.50-49.70)
Diagnosis 7.984 018
Cyanotic disease 215 (62.1) 66 (52.8) 88 (69.8) 61 (64.2)
Acyanotic disease 131 (37.9) 59 (47.2) 38 (30.2) 34 (35.8)
RACHS-I risk category 5.869 .838%*
1 13 (3.8) 5(4.0) 4(3.2) 4(4.2)
2 145 (41.9) 59 (47.2) 49 (38.9) 37 (38.9)
3 126 (36.4) 37 (29.6) 51(40.5) 38 (40.0)
4 40 (11.6) 16 (12.8) 15 (11.9) 9(9.5)
6 9(2.6) 4(3.2) 2 (1.6) 3(3.2)
N/A' 13 (3.8) 4(3.2) 5(4.0) 4(4.2)
History of previous hospitalization within a year 251 (72.5) 93 (74.4) 90 (71.4) 68 (71.6) 0.339 .844
History of previous admission (n=251) 5.047 283
This hospital 208 (82.9) 74 (79.6) 76 (84.4) 58 (85.3)
Other hospital 16 (6.4) 909.7) 6(6.7) 1(1.5)
This & other hospital 27 (10.8) 10 (10.8) 8(8.9) 9(13.2)
History of previous surgery within a year 118 (34.1) 35(28.0) 48 (38.1) 35(36.8) 3.282 .194
Hospital with previous surgery (n=118) 4.925 .049*
This hospital 115 (97.5) 32(91.4) 48 (100.0) 35(100.0)
Other hospital 3(2.5) 3(8.6) 0(0.0) 0(0.0)
Days between hospital and ICU admission 9.49+23.53 6.21+14.35 12.03+29.57 10.45+23.95 1.548 461
(1.00, 0.00-263.00)  (1.00, 1.00-73.00)  (1.00, 1.00-263.00)  (2.00, 0.00-161.00)
ICU admission route 6.801 .033
General ward 296 (85.5) 115 (92.0) 102 (81.0) 79 (83.2)
Other ICU 50 (14.5) 10 (8.0) 24 (19.0) 16 (16.8)
ICU length of stay (days) 7.65+11.39 8.60+16.97 7.13+£5.32 7.07+7.51 2.923 232
(5.00, 3.00-148.00)  (5.00, 3.00-148.00)  (5.00, 3.00-32.00) (4.00, 3.00-36.00)
Antibiotics use 346 (100.0) 125 (100.0) 126 (100.0) 95 (100.0) N/A N/A
Antibiotics
Cephalosporins 332 (96.0) 125 (100.0) 117 (92.9) 90 (94.7) 8.745 .013
Glycopeptides 37 (10.7) 10 (8.0) 15(11.9) 12 (12.6) 1.517 468
Aminoglycosides 4(1.2) 1(0.8) 3(2.4) 0(0.0) 2.233 459%
Penicillin/beta-lactamase inhibitors 53 (15.3) 16 (12.8) 20 (15.9) 17 (17.9) 1.127 .569
Other antibiotics* 14 (4.0) 6(4.8) 4(3.2) 4(4.2) 0.436 .804
Steroid use 118 (34.1) 43 (34.4) 45 (35.7) 30 (31.6) 0.420 811
Invasive devices use 346 (100.0) 125 (100.0) 126 (100.0) 95 (100.0) N/A N/A
Arterial catheter 346 (100.0) 125 (100.0) 126 (100.0) 95 (100.0) N/A N/A
Central venous catheter 346 (100.0) 125 (100.0) 126 (100.0) 95 (100.0) N/A N/A
Endotracheal tube 343 (99.1) 123 (98.4) 126 (100.0) 94 (98.9) 1.924 .386%*
Tracheostomy 3(0.9) 2(1.6) 0(0.0) 1(1.1) 1.924 .386*
Urinary catheter 345(99.7) 125 (100.0) 125(99.2) 95 (100.0) 1.671 1.000*
Chest tube 346 (100.0) 125 (100.0) 126 (100.0) 95 (100.0) N/A N/A
Nasogastric tube 339 (98.0) 121 (96.8) 125(99.2) 93 (97.9) 1.818 .349%
Discharge place 5.786 152%
General ward 326 (94.2) 120 (96.0) 116 (92.1) 90 (94.7)
Other ICU 17 (4.9) 3(2.4) 10 (7.9) 4(4.2)
Death 3(0.9) 2(1.6) 0(0.0) 1(1.1)

*Fisher’s exact test; ‘one and half repair (2 cases), heart transplantation (4 cases), fenestration (1 case), pericardiostomy (2 cases), fibrotic muscle resection
(1 case), cardiac resynchronization therapy (1 case), permanent pacemaker insertion (2 cases); “carbapenems (11 cases), sulfonamides (4 cases), quinolones (3 cases).
Abbreviations: ASC, active surveillance culture; CHG, chlorhexidine gluconate; ICU, intensive care unit; N/A, not available; RACHS-1, risk adjustment
for congenital heart surgery-1; SD, standard deviation.
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Fig. 1. Methicillin-resistant Staphylococcus aureus (MRSA) colonization and infection per weekly.
Abbreviations: ASC, active surveillance culture; CHG, chlorhexidine gluconate; MRSA, methicillin-resistant Staphylococcus aureus.

Table 2. Comparison of methicillin-resistant Staphylococcus aureus colonization and infection by stage (N=346)

Total ASC ASC, Isolation  ASC, Isol?tion, 2%
Variables (n=125) (n=126) CHG bathing (n=95) ¥ P
N (%), Mean+SD (median, range)
Number of patients 346 125 126 95
Patient days 2,646 1,075 899 672
MRSA colonization 16 (4.6) 8(6.4) 5(4.0) 3(3.2) 1.480 .477
MRSA colonization incidence rate’ 4.6 6.4 4.0 32
MRSA colonization incidence 6.04 7.44 5.56 4.46
density rate*
Days of MRSA colonization 16.50+25.00 21.38435.30 9.40+5.32 15.334£6.66 1.851  .396

(n=16) (9.00, 3.00-108.00)  (8.50, 3.00-108.00) (8.00, 3.00-17.00) (17.00, 8.00-21.00)
MRSA infection 1(0.3) 0 (0.0) 1(0.8) 0(0.0) 1671 1.000%
Days of MRSA infection (n=1) 10 0 10 0 N/A  NA

Patient with MRSA colonization ,,

: 100; *MRSA colonization incidence density rate=
Number of patients

*Fisher’s exact test; "MRSA colonization incidence rate=
Patient with MRSA colonization ., 1000

Patient days :
Abbreviations: ASC, active surveillance culture; CHG, chlorhexidine gluconate; MRSA, methicillin-resistant Staphylococcus aureus; N/A,

not available; SD, standard deviation.
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Table 3. Univariate Logistic regression analysis of risk factors of methicillin-resistant Staphylococcus aureus (MRSA) acquisition (N=346)

MRSA acquisition ~ No MRSA acquisition
Characteristics (n=17) (n=329) OR 95% CI P
N (%), Mean+SD (median, range)
Gender
Female 4 (23.5) 158 (48.0) 1
Male 13 (76.5) 171 (52.0) 3.003 0.959-9.402 .059
Age (months) 15.35+35.51 14.86+26.15 1.001 0.983-1.019 940
(5.00, 1.00-134.00)  (5.00, 1.00-170.00)
Body weight (kg) 8.93+119.72 8.07+6.05 1.018  0.955-1.084 587
(5.90, 1.84-49.70) (6.60, 2.15-55.10)
Diagnosis
Acyanotic disease 5(29.4) 126 (38.3) 1
Cyanotic disease 12 (70.6) 203 (61.7) 1.490  0.513-4.329 464
History of previous hospitalization within a year
No 4 (23.5) 91 (27.7) 1
Yes 13 (76.5) 238 (72.3) 1232 0.395-3.910 710
Hisotory of previous admission (n=251)
This hospital 9(69.2) 199 (83.6) 1
Other hospital 2 (15.4) 14 (5.9) 3.159  0.622-16.044  .165
This & other hospital 2 (15.4) 25 (10.5) 1.769  0.362-8.654 481
History of previous surgery within a year
No 9(52.9) 219 (66.6) 1
Yes 8(47.1) 110 (33.4) 1.770  0.665-4.713 253
Days between hospital and ICU admission 11.00+308.75 9.42+567.07 1.002 0.985-1.021 187
(3.00, 0.00-59.00) (1.00, 0.00-263.00)
ICU admission route
General ward 14 (82.4) 282 (58.7) 1
Other ICU 3(17.6) 47 (14.3) 1.286  0.356-4.646 701
Antibiotics
Glycopeptides 7 (41.2) 30 (9.1) 6.977  2.475-19.665 <.001
Aminoglycosides 1(6.9) 3(0.9) 6.792  0.669-68.982  .105
Penicillin/beta-lactamase inhibitors 8(47.1) 45 (13.7) 5.610 2.058-15.294  .001
Other antibiotics 3(17.6) 11 (3.3) 6.195 1.552-24.729  .010
Steroid use
No 4(23.5) 224 (68.1) 1
Yes 13 (76.5) 105 (31.9) 6.933  2.208-21.774  .001
Preemptive isolation 9(52.9) 212 (64.4) 0.621 0.233-1.652 .340
2% CHG bathing 3(17.6) 92 (28.0) 0.552  0.155-1.966 359

Abbreviations: CHG, chlorhexidine gluconate; CI, confidence interval; ICU, intensive care unit; OR, odds ratio; SD, standard deviation.
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Table 4. Multivariate logistic regression analysis of risk factors
for methicillin-resistant Staphylococcus aureus (MRSA) acqui-

sition (N=346)
Variables OR 95% CI P

Gender

Female 1

Male 0.411 0.124-1.357 .144
ICU admission period 1.025 0.989-1.063 .182
Antibiotics use

Glycopeptides 1.937 0.401-9.350 411

Penicillin/beta-lactamase inhibitors 1.365 0.310-6.012 .681
Other antibiotics 0.795 0.088-7.226 .839
Steroid use 3.667 1.013-13.275 .048

Abbreviations: CHG, chlorhexidine gluconate; CI, confidence
interval; ICU, intensive care unit; OR, odds ratio; SD, standard
deviation.
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