SUPPLEMENTARY MATERIALS

Impact of SARS-CoV-2 Preventive Measures against Healthcare-Associated Infections from
Antibiotic-Resistant ESKAPEE Pathogens: A Two-Center, Natural Quasi-Experimental Study
in Greece

Table S1. Interventions for infection prevention and control that were implemented during the 12
months prior to and the first 12 months during the COVID-19 pandemic at the two study hospitals

Hospital A Hospital B

Brief description of intervention component or activity (750 beds) (440 beds)

Pre-COVID-19 period (March 2019 to February 2020), standard measures:

(A
~

Dedicated team overseeing all IPC activities (no. of specialized nurses)
Routine IPC training of hospital staff in ICUs

Annual audits of hand hygiene compliance in wards and ICUs

Audits of contact and isolation precautions according to risk-assessment
Active daily surveillance of MDR HAIs

Active colonization screening of high-risk patients on ICU admission

Patient isolation or cohorting to prevent cross-transmission of MDR pathogens

\\\'\'\\'\;
\\\'\'\\'\;

Surface and furnishing disinfection in rooms of patients with MDR EKAPEE isolates
COVID-19 period (March 2020 to February 2021), additional or enhanced measures:

Additional specialized nurses joining the IPC team (number added) v (+2)

AN

IPC training expanded for all hospital staff and intensified in high-risk settings
Enforced PPE and hand hygiene protocols

Increased frequency and duration of cleaning of patient rooms and surfaces
All operators required to wear surgical masks and/or FFP-2 filtering masks
Reduced number and delaying of non-essential elective surgeries

Reduced emergency department visits (due to lockdowns)

Strict hospital visitation restrictions, limited access to ICU

AN N N N N RN
AN N N NN T N N

Annual leave for all medical and nursing staff revoked

AN
*
%

New antimicrobial stewardship intervention

IPC, infection prevention and control; ICU, intensive care unit; MDR, multidrug resistant; PPE, personal protective
equipment.

* A carbapenem-focused antimicrobial stewardship program was implemented in Hospital A between January 2020 and
December 2020.



Table S2. Clinical characteristics and outcomes of patients with documented healthcare-associated

infections caused by antibiotic resistant ESKAPEE pathogens

Total Hospital A Hospital B
Variable (n=439)2 (n =335)° (n=104)2 p*
Age (years) 62.8+20.6 62.5421.3 63.6+18.4 0.64
Male sex 292 (67%) 217 (65%) 75 (72%) 0.17
Severe COVID-19 patient 20 (5%) 15 (4%) 5 (5%) 0.89
Reason for hospital admission (ICD-10 code) 0.043
Circulatory system disease (100—199) 78 (18%) 62 (19%) 16 (15%)
Injury, poisoning, external cause (S00-T98) 61 (14%) 47 (14%) 14 (13%)
Respiratory system disease (JO0—J99) 61 (14%) 45 (13%) 16 (15%)
Neoplasm (C00-D48) 55 (13%) 46 (14%) 9 (9%)
Symptom, sign, abnormal finding (R0O0-R99) 51 (12%) 31 (9%) 20 (19%)
Digestive system disease (KO0—K93) 30 (7%) 28 (8%) 2 (2%)
COVID-19 (U07) 18 (4%) 14 (4%) 4 (4%)
Other disease or condition 85 (19%) 62 (19%) 23 (22%)
Charlson comorbidity index 0.90
0 294 (67%) 225 (67%) 69 (66%)
1 75 (17%) 58 (17%) 17 (16%)
2+ 70 (16%) 52 (16%) 18 (17%)
Department at time of index infection 0.11
Intensive care unit 189 (43%) 147 (44%) 42 (40%)
Medical ward 152 (35%) 108 (32%) 44 (42%)
Surgical ward 89 (20%) 71 (21%) 18 (17%)
Paediatric or obstetrics ward 9 (2%) 9 (3%) 0 (0%)
Pre-index infection LOS (days) 20.0+19.9 20.6x21.1 17.8+15.0 0.21
Infection status <0.001
Single infection 340 (77%) 242 (72%) 98 (94%)
Multiple infections 99 (23%) 93 (28%) 6 (6%)
Polymicrobial infection 49 (11%) 38 (11%) 11 (11%) 0.83
14-day outcome ¢ 0.83
Discharged alive 81 (18%) 60 (18%) 21 (20%)
Remain hospitalized 268 (61%) 207 (62%) 61 (59%)
Died in hospital 90 (21%) 68 (20%) 22 (21%)
In-hospital mortality 0.19
Discharged alive 240 (55%) 189 (56%) 51 (49%)
Died in hospital 199 (45%) 146 (44%) 53 (51%)
Overall LOS (days) 48.8+43.6 50.31£45.0 44,1+38.6 0.21

LOS, length of stay.

2 Data are presented as mean = SD for continuous variables, and n (%) of patients for categorical variables.
b p values refer to the comparison of the two patient groups in the pre-COVID-19 and Covid-19 periods

¢Within 14 days from the onset of the first infection for patients with multiple consecutive infections.



Table S3. Stratified analysis by source hospital of clinical characteristics and outcomes in patients
with documented healthcare-associated infection caused by multidrug-resistant ESKAPEE pathogens

Hospital A Hospital B

. Pre-COVID-19 COVID-19 Pre-COVID-19 COVID-19

Variable b p°
(n=173)° (n=162)° (n=62)° (n=42)°

Age (years) 59.6+23.0 65.7+18.8 0.009 61.0£19.7 67.5%£15.6 0.076

Male sex 112 (65%) 105 (65%) 0.99 47 (76%) 28 (67%) 0.31

Severe COVID-19 patients 0 (0%) 15 (9%) <0.001 0(0%) 5(12%) 0.005

Reason for hospital admission (ICD-10 code) 0.28 0.98

Circulatory system disease (100—199) 32 (18%) 30 (19%) 9 (15%) 7 (17%)

Injury, poisoning, external cause (S00-T98) 24 (14%) 23 (14%) 10 (16%) 4 (10%)

Respiratory system disease (JO0—J99) 27 (16%) 18 (11%) 9 (15%) 7 (17%)

Neoplasm (C00-D48) 26 (15%) 20 (12%) 5 (8%) 4 (10%)

Symptom, sign, abnormal finding (RO0—R99) 19 (11%) 12 (7%) 12 (19%) 8 (19%)

Digestive system disease (KO0—K93) 15 (9%) 13 (8%) 1(2%) 1(2%)

Other disease or condition 30 (17%) 46 (28%) 16 (26%) 11 (26%)

Charlson comorbidity index 0.40 0.72

0 117 (68%) 108 (67%) 43 (69%) 26 (62%)

1 26 (15%) 32 (20%) 9 (15%) 8 (19%)

2+ 30 (17%) 22 (14%) 10 (16%) 8 (19%)
Department at time of index infection 0.78 0.88

Intensive care unit 79 (46%) 68 (42%) 26 (42%) 16 (38%)

Medical ward 56 (32%) 52 (32%) 25 (40%) 19 (45%)

Surgical ward 33 (19%) 38 (23%) 11 (18%) 7 (17%)

Pediatric or obstetrics ward 5 (3%) 4 (2%) 0 (0%) 0 (0%)

Pre-index infection LOS (days) 18.4+17.7 23.0+24.1 0.049 17.5£14.2 18.3+16.2 0.78
Infection status 0.80 0.22

Single infection 126 (73%) 116 (72%) 57 (92%) 41 (98%)

Multiple infections 47 (27%) 46 (28%) 5 (8%) 1(2%)
Polymicrobial infection 24 (14%) 14 (9%) 0.13 9 (15%) 2 (5%) 0.11
14-day outcome © 0.44 0.13

Discharged alive 34 (20%) 26 (16%) 13 (21%) 8 (19%)

Remain hospitalized 108 (62%) 99 (61%) 40 (65%) 21 (50%)

Died in hospital 31 (18%) 37 (23%) 9 (15%) 13 (31%)
In-hospital mortality 0.33 0.30

Discharged alive 102 (59%) 87 (54%) 33 (53%) 18 (43%)

Died in hospital 71 (41%) 75 (46%) 29 (47%) 24 (57%)

Overall LOS (days) 51.9+49.0 48.5+40.4 0.49 50.1+44.9 35.3124.7 0.055

LOS, length of stay.

2 Data are presented as mean = SD for continuous variables, and n (%) of patients for categorical variables.
b p values refer to the comparison of the two patient groups in the pre-COVID-19 and Covid-19 periods in each hospital.
¢ Within 14 days from the onset of the first infection for patients with multiple consecutive infections.



Table S4. Stratified analysis by source hospital of the sites and microbiology of healthcare-associated
infection episodes caused by multidrug-resistant ESKAPEE pathogens

Hospital A Hospital B
Pre-COVID-19 COVID-19 Pre-COVID-19 COVID-19
Subgroup (n =242)2® (n=232)2" (n=69)2b (n=43)2b
Infection site
Bloodstream infection 106 (44%) 100 (43%) 0.88 25 (36%) 28 (65%) 0.003
Intubation-associated pneumonia 21 (9%) 28 (12%) 0.23 5(7%) 3 (7%) 0.96
Hospital-acquired pneumonia 12 (5%) 37 (16%) <0.001 8 (12%) 3 (7%) 0.42
Lower respiratory tract infection 38 (16%) 46 (20%) 0.24 27 (39%) 9 (21%) 0.045
Surgical site infection 28 (12%) 31 (13%) 0.55 4 (6%) 1(2%) 0.39
Urinary tract infection 18 (7%) 14 (6%) 0.54 7 (10%) 1(2%) 0.12
Skin and soft-tissue infection 8 (3%) 1 (0%) 0.022 0 (0%) 1(2%) 0.20
Other type of infection 11 (5%) 3(1%) 0.037 1(1%) 0 (0%) 0.43
Polymicrobial infection 26 (11%) 16 (7%) 0.14 9 (13%) 2 (5%) 0.15
Pathogen
VRE 20 (8%) 24 (10%) 0.44 7 (10%) 6 (14%) 0.54
MRSA 19 (8%) 28 (12%) 0.12 6 (9%) 5 (12%) 0.61
CR Klebsiella pneumoniae 35 (14%) 20 (9%) 0.047 4 (6%) 1(2%) 0.39
CR Acinetobacter baumannii 132 (55%) 144 (62%) 0.097 51 (74%) 22 (51%) 0.014
CR Pseudomonas aeruginosa 59 (24%) 27 (12%) <0.001 10 (14%) 11 (26%) 0.14
CR Enterobacter spp. 1 (0%) 7 (3%) 0.028 0 (0%) 0 (0%) -
CR Escherichia coli 3 (1%) 0 (0%) 0.089 0 (0%) 0 (0%) -

VRE, vancomycin-resistant Enterococcus faecium or Enterococcus faecalis; MRSA, methicillin-resistant Staphylococcus

aureus; CR, carbapenem-resistant.

2Data are presented as mean * SD for continuous variables, and n (%) for categorical variables.

b Sums of reported percentages for implicated infections sites and infecting organisms exceed 100% due to some patients

having multiple infections at different sites and polymicrobial infections.
¢ p values refer to the comparison of the two groups in the pre-COVID-19 and Covid-19 periods in each hospital.



Table S5. Comparison of pooled (averaged) incidence rates of healthcare-associated infections from multidrug resistant ESKAPE pathogens (per 1000

patient-days) over the 12 months before and the 12 months during the COVID-19 pandemic

Group Hospital A Hospital B Total
IRR (95% Cl) p IRR (95% Cl) p IRR (95% Cl) p
Infected patients 1.08 (0.86-1.34) 0.49 0.85 (0.56-1.27) 0.40 1.03 (0.85-1.24) 0.78
Infections 1.10(0.92-1.33) 0.28 0.78 (0.52-1.15) 0.20 1.05(0.89-1.23) 0.58
By site:
Bloodstream infections 1.09 (0.82-1.44) 0.56 1.40 (0.79-2.50) 0.23 1.16 (0.90-1.49) 0.24
Intubation-associated pneumonias 1.53 (0.84-2.84) 0.14 0.75 (0.12-3.85) 0.72 1.41(0.81-2.47) 0.20
Hospital-acquired pneumonias 3.55(1.81-7.48) <0.001 0.47 (0.08-1.95) 0.27 2.37 (1.35-4.27) 0.001
Lower respiratory tract infections 1.39 (0.89-2.20) 0.13 0.42 (0.17-0.91) 0.018 1.00 (0.69-1.46) 0.99
Surgical site infections 1.27 (0.74-2.20) 0.35 0.31 (0.01-3.15) 0.32 1.18 (0.70-2.00) 0.50
Urinary tract infections 0.90 (0.41-1.91) 0.76 0.18 (0.00-1.39) 0.076 0.71 (0.35-1.40) 0.30
Skin and soft-tissue infections 0.14 (0.00-1.07) 0.035 ne 0.45 0.30(0.03-1.48) 0.11
Other type of infections 0.31 (0.06-1.19) 0.063 0.00 (0.00-48.66)  0.56 0.30 (0.05-1.10) 0.046
By pathogen:
VRE 1.38 (0.73-2.64) 0.29 1.07 (0.30-3.72) 0.90 1.31(0.76-2.30) 0.30
MRSA 1.70(0.91-3.21) 0.075 1.04 (0.25-4.09) 0.94 1.56 (0.90-2.74) 0.093
CR Klebsiella pneumoniae 0.66 (0.36-1.17) 0.13 0.31(0.01-3.15) 0.32 0.64 (0.36-1.11) 0.094
CR Acinetobacter baumannii 1.26 (0.98-1.60) 0.059 0.54 (0.31-0.90) 0.013 1.07 (0.86-1.33) 0.51
CR Pseudomonas aeruginosa 0.53 (0.32-0.84) 0.005 1.37 (0.53-3.60) 0.48 0.65 (0.43-0.98) 0.032

IRR, incidence rate ratio, Cl, confidence interval; ne, non-estimable.



Table S6. Estimated level changes in the incidence of antibiotic resistant ESKAPEE healthcare-associated infections (per 1000 patient-days) occurring immediately after
introducing enhanced infection prevention and control measures

Group Hospital A Hospital B Total

Level change IRR (95% Cl) p Level change IRR (95% Cl) p Level change IRR (95% Cl) p

All Infections combined 0.55 (0.31-0.98) 0.042 0.49 (0.14-1.64) 0.24 0.55 (0.33-0.93) 0.027

By site:
Bloodstream infections 0.67 (0.27-1.66) 0.39 0.40 (0.07-2.33) 0.31 0.61 (0.27-1.35) 0.22
Intubation-associated pneumonias 0.25 (0.05-1.19) 0.081 ne - 0.52(0.13-2.12) 0.36
Hospital-acquired pneumonias 0.11 (0.01-1.65) 0.11 0.52 (0.01-24.93) 0.74 0.17 (0.02-1.37) 0.096
Lower respiratory tract infections 0.61 (0.15-2.50) 0.50 0.12 (0.01-1.86) 0.13 0.46 (0.14-1.51) 0.20
Surgical site infections 0.72(0.12-4.42) 0.72 0.01 (0.00-738.81) 0.42 0.67 (0.11-4.01) 0.67
Urinary tract infections 1.12 (0.11-11.13) 0.93 ne - 1.60 (0.19-13.76) 0.67
Skin and soft-tissue infections 0.13 (0.00-21.54) 0.43 ne - 0.18 (0.00-20.76) 0.47
Other type of infections 2.79 (0.06-122.79) 0.59 ne - 1.72 (0.05-57.02) 0.76

By pathogen:
VRE 3.16 (0.31-31.75) 0.33 0.59 (0.01-41.40) 0.81 2.47 (0.35-17.41) 0.36
MRSA 0.39 (0.06-2.75) 0.34 0.02 (0.00-3.94) 0.14 0.24 (0.04-1.47) 0.12
CR Klebsiella pneumoniae 0.11 (0.02-0.61) 0.012 0.21 (0.00-747.60) 0.71 0.14 (0.03-0.69) 0.016
CR Acinetobacter baumannii 0.72 (0.35-1.49) 0.38 0.36 (0.08-1.60) 0.18 0.65 (0.34-1.24) 0.19
CR Pseudomonas aeruginosa 0.37 (0.08-1.81) 0.22 0.16 (0.00-5.94) 0.32 0.33 (0.08-1.37) 0.13

IRR, incidence rate ratio, Cl, confidence interval; ne, non-estimable



Infections per 1000 patient-days

Infections per 1000 patient-days

Figure S1. Monthly rates of healthcare-associated infections from multidrug-resistant ESKAPEE pathogens, before and during the intervention, presented
separately for intensive care units and ordinary wards. Dots: observed rates. Solid line: predicted rates from Poisson regression model adjusted for
seasonality. Dashed line: deseasonalized trend. Vertical long dashed line: time of the beginning of the intervention.
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