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Abstract

Background: Serratia has emerged as an important nosocomial opportunistic pathogen, often associated with serious infections. We investigated 
the antimicrobial resistance trends, predisposing factors, and infection outcomes associated with Serratia species isolated in a secondary‑care 
hospital in Oman.

Materials and Methods: A retrospective study was conducted at a secondary‑care hospital in the northern region of Oman after receiving 
approval from the research ethics and approval committee of Oman. The relevant data of patients diagnosed with Serratia infection during 
2017–2021 was extracted from the Sohar Hospital health records. We statistically analyzed the data using the statistical software STATA 
version 14.

Results: A total of 257 non‑duplicate Serratia strains were studied. S. marcescens was the predominant (79.4%) isolated species. Serratia 
strains were more frequently isolated from males (51.4%). The most affected were older people aged > 60 years (29.4%), infants (28%), and 
patients treated at critical care units. Serratia has demonstrated high resistance to beta‑lactams. The susceptibility rates of Serratia strains to 
tigecycline, ciprofloxacin, trimethoprim‑sulfamethoxazole, gentamicin, amikacin, piperacillin‑tazobactam, imipenem, and meropenem was 
high. Septicemia, pneumonia, mechanical ventilation, and hemodialysis were the independent risk factors for increased mortality among 
studied subjects (P < 0.05).

Conclusions: Our study results recommend empirical therapy with trimethoprim‑sulfamethoxazole, piperacillin‑tazobactam, aminoglycosides, 
and ciprofloxacin as first‑line drugs for Serratia infection. The emergence of ESBL producers and carbapenem‑resistant strains is worrisome. 
Regular updating of physicians’ knowledge about antimicrobial profiles, antibiotic prescription policies, and infection control measures is 
necessary to combat antimicrobial resistance and improve outcomes.
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IntroductIon
Serratia species, once regarded as harmless saprophytes, are now 
apprehended as important nosocomial opportunistic pathogens. 
They are gram‑negative motile rods belonging to the family 
Enterobacterales. Serratia are facultative anaerobes capable of 
surviving in harsh environmental conditions, and these factors 
account for their ability to thrive in hospital environments, 
including on the surfaces of inanimate objects such as hospital 
instruments and equipment.[1–4] Furthermore, they have a 
high propensity to acquire antimicrobial resistance and cause 
a wide range of hospital‑acquired infections (HAIs).[1–4] 
Within the genus Serratia, researchers have identified over 14 
species, with eight of them known to cause human infections. 
Serratia marcescens accounts for the majority of human 
infections, while S. odorifera, S. liquefaciens, and S. fonticola 
are less commonly associated with human infections.[5] Over 
the years, it has been established that the frequency of infection 
by Serratia is higher in hospitals in developing countries due 
to inadequate infection control practices, including insufficient 
sterilization of instruments and equipment, improper water, 
and food sanitation.[1,6] S. marcescens is implicated in a wide 
range of serious infections, such as pneumonia, septicemia, 
peritonitis, wound infection, urinary tract infection, and 
meningitis, especially in infants, older people, and persons 
with a weakened immune system.[7–10] Additionally, in patients 
with weakened immune systems who are undergoing prolonged 
immunosuppressive therapy, underwent previous antimicrobial 
therapy, mechanical ventilation, repeated hemodialysis, 
and indwelling catheterization, the risk of severe infection 
increases.[11] A recent study reported more frequent isolation of 
S. marcescens from blood (35.4%) and sputum samples (24.6%), 
suggesting its more frequent association with bloodstream and 
respiratory infections.[12] Keratitis and endocarditis are less 
frequently associated infections, especially among contact lens 
users and intravenous drug users, respectively.[12‑14]

Treating S. marcescens infection is increasingly becoming 
difficult because of their exceptional ability to acquire, transfer, 
and modify the expression of multiple antimicrobial‑resistant 
genes.[2] Recent epidemiologic reports reveal an increase in the 
rate of antimicrobial resistance among S. marcescens strains.[11] 
They exhibit resistance to a wide range of antibiotics, such as 
beta‑lactams, macrolides, aminoglycosides, fluoroquinolones, 
tetracyclines, and carbapenems, and the resistance reflects the 
pattern of antimicrobial use.[2,15] Plasmid‑mediated resistance 
gene transfer is the major attributing factor for the emergence 
and dissemination of multiple drug‑resistant strains. Like 
other Enterobacterales, Serratia also acquires resistance 
genes encoding for extended‑spectrum beta‑lactamases, 
carbapenemases, and drug‑modifying enzymes.[16,17] The 
emergence of these multidrug‑resistant strains has posed 
serious challenges, like frequent treatment failures with adverse 
outcomes.[11]

The rate and pattern of antimicrobial resistance among 
S. marcescens and other species of Serratia show wide 

geographic variation. In Oman, studies related to infections 
caused by S. marcescens and other species of Serratia 
are limited. Our study explored the risk factors, clinical 
characteristics, outcome of infection, and antibiotic resistance 
profile of Serratia spp. recovered from clinical samples of 
patients who were diagnosed with Serratia infection at a 
secondary‑care hospital in the northern region of Oman during 
the period from January 2017 to December 2021.

MaterIals and Methods
This retrospective study was conducted at Sohar Hospital, 
Oman, in collaboration with the College of Medicine and 
Health Sciences (COMHS), National University of Science 
and Technology. The study was approved by the institutional 
review and ethical committee as well as by the Research 
Ethical Review and Approval Committee (RERAC), Ministry 
of Health, Oman [approval number: MH/DGHS/NBG/
RERAC21/2022]. The study included Serratia isolates 
recovered from clinical samples of patients during their 
visit or admission to Sohar Hospital from January 2017 to 
December 2021. The relevant data of the study subjects, such 
as demographics, clinical characteristics, risk factors, outcomes 
of infections, and antibiotic susceptibility patterns of isolated 
Serratia species, was extracted from the Sohar Hospital’s 
electronic health records. The confidentiality of the patient’s 
details was strictly maintained.

Inclusion criteria: Serratia species isolated from patients 
with clinical evidence of infection, confirmed by positive 
bacterial culture and laboratory investigations, were included 
in the study. Exclusion criteria: Serratia species isolated from 
patients without clinical evidence of infection were considered 
probable contamination and excluded. We also excluded 
patients with incomplete data from the study.

Bacterial identification and antimicrobial susceptibility 
testing
Clinical samples received at the Sohar microbiology laboratory 
were inoculated onto MacConkey and blood agar and incubated 
at 37°C for 18 to 24 hours. The isolated growth was identified 
by preliminary tests such as the morphological characteristics 
of the bacterial colony and the Gram stain. Standard guidelines 
of the Clinical Laboratory Standards Institute (CLSI)[18] were 
followed to identify the Serratia isolates up to the species 
level using biochemical tests including indole, methyl red, 
Voges‑Proskauer, and citrate (IMViC), catalase, oxidase, 
motility, urease, DNAse, gelatinase production, urease, 
hydrogen sulfide production, arabinose, lysine, and ornithine 
decarboxylase tests. We further screened the Serratia species for 
antibiotic susceptibility using the Kirby‑Bauer disk diffusion 
method. The antibiotic disks ampicillin, amoxicillin‑clavulanic 
acid, piperacillin‑tazobactam, cefuroxime, cefotaxime, 
ceftazidime, ciprofloxacin, gentamicin, amikacin, 
imipenem, and meropenem procured from Oxoid Ltd. in 
the United Kingdom were used for antibiotic susceptibility 
testing. The zone of inhibition diameter was interpreted as 
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susceptible (S), intermediate (I), and resistance (R) according 
to CLSI guidelines.[18] We performed broth microdilution or 
Epsilometer (E) tests to determine the minimum inhibitory 
concentrations of colistin and tigecycline. Multidrug‑resistance 
Serratia species were classified by non‑susceptibility to at 
least one agent of three or more antimicrobial classes by 
standard susceptibility testing methods.[18,19] Serratia strains 
that have shown non‑susceptibility to carbapenems by standard 
susceptibility testing methods (i.e. a minimum inhibitory 
concentration of ≥4 mg/mL for imipenem and/or meropenem) 
were categorized as carbapenem‑resistant strains. Initially, we 
screened the Serratia strains for ESBL production by testing 
their resistance to ceftazidime. The screen‑positive strains were 
further confirmed for ESBL production by the double‑disc 
synergy test (DDST) and the CLSI confirmatory test.[18]

Statistical analysis
Data was entered in Microsoft Excel and analyzed using the 
statistical software STATA version 14 [StatCorp LCC, College 
Station, TX, USA]. We summarized categorical variables 
as frequencies and proportions. Quantitative variables were 
summarized as mean with SD (standard deviation) or median 
with IQR (interquartile range). The statistical significance of 
the association between the outcome and the categorical risk 
factors was assessed using the Chi‑Square test or Fisher’s 
Exact test as per the assumptions for the test. A P value less 
than 0.05 is considered significant.

results
A total of 257 non‑duplicate Serratia species isolated from 
clinical samples of patients who have been treated at Sohar 
Hospital from January 2017 to December 2021 were studied. 
Table 1 summarizes the baseline characteristics of the study 
population. Males (51.4%) had a higher frequency of Serratia 

species isolation compared to females (48.6%). The frequency 
of isolation was highest (29.4%) in old people aged > 60 years 
and in infants (28.0%). The infection was less common among 
individuals aged 1–20 years (7%), 21–40 years (13.2%), and 
41–60 years (21.4%).

The majority of the patients had one (36.3%) or multiple (35.3%) 
comorbidities. Cardiovascular comorbidities, including 
hypertension, were observed in 28.4% of the studied subjects. 
Diabetes mellitus (24.7%), renal (10.5%), central nervous 
system (10.5%), renal (10.5%), and respiratory (4.2%) 
comorbidities were amongst others. Coinfection with COVID‑19 
was observed in 8.4% of the studied subjects [Table 2]. 
S. marcescens was the predominantly isolated species (79.4%), 
followed by S. liquefaciens (4.3%), S. fonticuli (1.6%), 
S. ficaria (0.4%), and S. odorifera (0.4%). While 14% were 
other unidentified Serratia species, Figure 1 depicts the 
frequency of isolation of Serratia species from different 
clinical samples. The majority of the strains were isolated from 
blood (24.2%), pus (23.3%), urine (20.7%), and endotracheal 
aspirate (12.8%). Less frequently isolated from sputum (8.4%), 
tissue fragments (3.1%), eye secretions (2.6%), and catheter 
tips (1.3%). The antimicrobial resistance pattern of Serratia 
species is shown in Table 3. Overall, high resistance was 
shown towards ampicillin (99.5%), cefuroxime (99.1%), 
amoxicillin‑clavulanic acid (98.6%), and ceftazidime (48%). By 
contrast, low resistance was observed against imipenem (8.1%), 
meropenem (7.6%), trimethoprim‑sulfamethoxazole (6.5%), 
ciprofloxacin (7.6%), gentamicin (9.3%), and amikacin (7.5%). 
All tested strains showed susceptibility (100%) to tigecycline. 
A minimum of the strains are multidrug‑resistant (11.7%), 
carbapenem‑resistant (2.3%), and extended‑spectrum 
beta‑lactamase producers (1.9%). [Table 1]. Table 4 reveals 
the association between mortality and risk factors. The higher 
mortality rate (P < 0.05) was observed among patients who 

Table 1: Baseline characteristics of the study population (n=257)

Characteristics S. marcescens: Number 
(n) & percentage (%)

Other species*: Number 
(n) & percentage (%)

Total isolates Number 
(n) & percentage (%)

Number of isolates 204 (79.4) 53 (20.6) 257 (100)
Age distribution (years)

<1 60 (29.4) 12 (22.6) 72 (28.0)
1‑20 18 (8.8) 1 (1.89) 19 (7.4)
21‑40 25 (12.3) 9 (17.0) 34 (13.2)
41‑60 43 (21.1) 12 (22.6) 55 (21.4)
>60 56 (27.5) 19 (35.8) 75 (29.4)

Gender distribution
Male 108 (52.9) 24 (45.3) 132 (51.4)
Female 96 (47.1) 29 (54.7) 125 (48.6)

MDRO (Multidrug‑resistant organisms)
MDR** 18 (8.8) 12 (22.6) 30 (11.7)
CR‑Serratia*** 3 (1.5) 2 (3.8) 5 (1.9)
ESBL**** 3 (1.5) 3 (5.7) 6 (2.3)
Non‑MDR 180 (88.2) 36 (67.9) 216 (84.0)

*Other species includes S. liquifaciens (11), S. fonticuli (4), S. odorifera (1), S. ficaria (1), and other unidentified species (36). **MDR: Multidrug‑resistant, 
***CR‑Serratia: Carbapenem‑resistant Serratia, ****ESBL: Extended‑spectrum beta‑lactamases
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had septicemia and/or pneumonia, COVID‑19 patients with 
secondary bacterial infection, patients exposed to mechanical 
ventilation, and patients who had a history of repeated 
hemodialysis.

dIscussIon
Serratia are relatively low‑virulent, often recognized 
as common opportunistic nosocomial pathogens in the 
last 3 decades, and have shown an increase in the rate of 
antimicrobial resistance. They have a propensity for a wide 
range of healthcare‑associated infections (HAIs), especially 
in immunocompromised or critically ill patients.[1,6] In our 
study, nearly 80% of the isolated strains were S. marcescens, 
more frequently isolated from males and in older and younger 
patients. This finding is consistent with the results of previous 

studies.[20,21] Serratia are widespread in the environment and 
can contaminate hospital instruments and equipment. It is 
relatively less virulent and does not cause primary invasive 
diseases. However, they cause infection, often serious if 
they gain entry into an immunocompromised host. The 
contributing factors to the spread of nosocomial infections 
include inadequate infection control practices coupled with 
the increased frequency of modern medical procedures. 
The risk of transmission of infection is high through the 
contaminated hands of healthcare workers and exposure to 
inadequately sterilized mechanical ventilators, hemodialysis 
units, central venous lines, urinary catheters, injection needles, 
and surgical interventions.[9,22] Previous reports have revealed 
the transmission of Serratia infection through contaminated 
soap dispensers and because of the inadequate hand hygiene 
practices of healthcare workers.[23,24] Another study by Mcneal 
et al. demonstrated a reduction in Serratia infection rates of 
nearly 80% following adherence to standard hand hygiene 

Table 3: Antibiotic susceptibility profile of Serratia species

Antibiotic Antibiotic susceptibility percentage (%) and number (n)

S. marcescense Other species Total
Amikacin 91.5 (75/82) 95.8 (23/24) 92.5 (98/106)
Gentamicin 91.2 (177/194) 88.5 (46/52) 90.7 (223/246)
Ampicillin 0.6 (1/160) 0 (0/48) 0.5 (1/208)
Amoxicillin‑clavulanic acid 1.2 (2/164) 2.2 (1/45) 1.4 (3/209)
Cefotaxime 71.6 (101/141) 70.3 (26/37) 71.3 (127/178)
Cefuroxime 1.1 (2/176) 0 (0/49) 0.9 (2/225)
Ceftazidime 55.4 (31/56) 42.1 (8/19) 52.0 (39/75)
Piperacillin‑tazobactam 94.2 (98/104) 93.5 (29/31) 94.1 (127/135)
Ciprofloxacin 94.8 (184/198) 90.6 (48/53) 92.4 (232/251)
Nalidixic acid 76.0 (19/25) 57.1 (4/7) 71.9 (23/32)
Imipenem 95.3 (61/64) 81.8 (18/22) 91.9 (79/86)
Meropenem 95.6 (65/68) 83.3 (20/24) 92.4 (85/92)
Trimethoprim‑sulfamethoxazole 94.2 (147/156) 90.7 (39/43) 93.5 (186/199)
Chloramphenicol 94.4 (34/36) 100 (8/8) 95.5 (42/44)
Tetracycline 62.9 (22/35) 83.3 (5/6) 65.9 (27/41)
Tigecycline 100 (8/8) 100 (2/2) 100 (10/10)

Table 2: Comorbidities and risk factors (n=190)

Comorbidities and risk factors* % (n)
One comorbidity 36.3 (69)
More than one comorbidities 35.3 (67)
Type of comorbidity

Diabetes Mellitus 24.7 (47)
Cardiovascular 28.4 (54)
Respiratory 4.2 (08)
Renal 10.5 (20)
Central nervous system 10.5 (20)
COVID‑19 8.4 (16)

Risk factors
Mechanical ventilation 36.8 (70) 
Hemodialysis 5.8 (11)
Central venous catheterization 2.6 (5)
Urinary catheterization 21.6 (41)
Prematurity/Low birth weight 19.5 (37)

*The data was not found in 67 patients

24.2

23.3

12.82.6

20.7

3.1

1.3 8.4
5.3

Blood Urine Endotracheal aspirates
Eye secretions Pus Tissue fragments
Catheter tip Sputum Others

Figure 1: Source/site of Serratia species isolation (n = 257)
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practices with alcohol‑based hand rubs among healthcare 
workers, indicating the importance of hand hygiene in 
infection prevention.[25] Approximately 70% of our study 
participants had one or more underlying comorbidities and 
were exposed to medical or surgical interventions. Prematurity 
in newborns, cardiovascular disease, and diabetes mellitus 
are the most recognized risk factors. Al Maskari et al. and 
Gastemier et al. have also reported immaturity and low birth 
weight (<1500 g) in preterm newborns as the major risk factors 
for Serratia infection and high mortality.[1,26]

Serratia marcescens is a frequent source of hospital 
outbreaks (HAIs) in both pediatric and adult patients.[27,28] 
S. marcescens is implicated in a wide range of infections, 
including serious conditions like septicemia, pneumonia, and 
meningitis.[29] Furthermore, contact lens users and premature 
newborns have a high incidence of ocular infections caused 
by S. marcescens, including conjunctivitis and keratitis.[30] 
In our study, we predominantly isolated Serratia spp. from 
the blood, followed by pus, urine, and respiratory secretions. 
In similar studies, Liou et al. and Simsek et al. found that 
Serratia spp. were predominantly isolated from respiratory 
secretions and urine and from blood and sputum cultures, 
respectively.[9,12] Another study by Madani et al. identified 
septicemia, purulent conjunctivitis, urinary tract infection, 
meningitis, and cellulitis among premature newborns.[31] In line 
with this, in our study, the majority of preterm newborns treated 
in the special care baby unit (SCBU) had septicemia (35.9%), 
while conjunctivitis, keratitis, and urinary tract infection were 
less frequently noticed.

Serratia strains associated with HAIs have shown resistance to 
several antibiotics. In fact, one key feature of Serratia is their 
intrinsic resistance to ampicillin, amoxicillin‑clavulanic acid, 
first‑generation cephalosporins, macrolides, and colistin.[2,10] 
Intrinsic resistance is due to the presence of resistance genes 

on the chromosome. Furthermore, the acquisition of such 
chromosomal or plasmid‑resistant genes by horizontal transfer 
is considered the most important event that leads to multiple 
drug resistances, including resistance to aminoglycosides, 
fluoroquinolones, and third‑generation cephalosporins that 
encompass the mainstay in the therapy of Serratia infections.[32] 
Worldwide reports indicate varying rates of resistance to these 
drugs in Serratia isolates, indirectly reflecting patterns of 
antimicrobial use.[2,33] Aminoglycoside resistance in Serratia is 
most frequently attributed to the acquisition of plasmid‑mediated 
aminoglycoside‑modifying enzymes, including acetyl‑ and 
adenyl transferases. While fluoroquinolone resistance in 
S. marcescens is attributed to mutations in DNA gyrase, 
altered porin channels, and an increased efflux pump, 
Simsek et al. reported low resistance of Serratia strains 
to piperacillin‑tazobactam (19.6%), ceftazidime (19.6%), 
imipenem (13.2%), meropenem (13.2%), amikacin (6.3%), 
ciprofloxacin (4.4%), trimethoprim‑sulfamethoxazole (2.5%), 
and gentamicin (0.6%).[12] A different study by Ferriera et al. 
found that Serratia strains were only 18.5% resistant to 
gentamicin, 14.8% resistant to amikacin, and 18.5% resistant 
to ciprofloxacin. Furthermore, all strains showed resistance to 
beta‑lactam antibiotics, and 96.3% of strains were resistant to 
colistin.[16] Our study results were in concordance with these 
studies, with low resistance ranging from 8 to 11% to gentamicin, 
amikacin, ciprofloxacin, trimethoprim‑sulfamethoxazole, high 
resistance to ceftazidime (50%), colistin (70%), and near total 
resistance (>98%) to ampicillin, amoxicillin‑clavulanic acid, 
and cefuroxime.

In the recent past, third‑generation cephalosporins such 
as ceftazidime have been the mainstay of treatment for 
S. marcescens infection. However, empirical use of these agents 
has eroded since S. marcescens, like other Enterobacterales, can 
overproduce AmpC beta‑lactamases and extended‑spectrum 

Table 4: Association of risk factors and outcome of infection

Character Death Recovery P
Septicemia and/or pneumonia

No septicemia/pneumonia
Septicemia/pneumonia

12 (10.6)
43 (51.2)

101 (89.4)
41 (48.8)

<0.001

Covid‑19 with secondary bacterial infection
Bacterial infection without COVID‑19
Bacterial infection with COVID‑19

45 (24.8)
10 (62.5)

136 (75.2)
6 (37.5)

<0.001

Type of pathogens caused infection
Infection by Non‑MDR strains
Infection by MDR‑strains

46 (27.8)
9 (28.1)

119 (72.2)
23 (71.9)

0.977

Mechanical ventilation
Patients without mechanical ventilation
Patients with mechanical ventilation

1 (4.0)
23 (96.0)

49 (51.0)
47 (49.0)

<0.001

Hemodialysis
No history of repeated hemodialysis
History of repeated hemodialysis

11 (73.0)
4 (27.0)

75 (91.0)
7 (9.0)

0.042

Prematurity/preterm birth
No prematurity/preterm birth
History of prematurity/preterm birth

12 (71.0)
5 (29.0)

52 (62.0)
32 (38.0)

0.50
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beta‑lactamases (ESBL). More often, the drug of choice for 
AmpC and ESBL‑producing S. marcescens is carbapenems that 
resist inactivation by chromosomal AmpC and plasmid‑mediated 
ESBL beta‑lactamases. However, the increased use of 
carbapenems to treat multidrug‑resistant strains has led to the 
emergence of carbapenem‑resistant S. marcescens. Of greater 
concern is the expression of plasmid‑mediated KPC‑class 
carbapenemases among S. marcescens. Dissemination of these 
strains in many regions is alarming since they can transmit these 
enzymes to other beta‑lactam antibiotics, mediating high‑level 
resistance.[34,35] Ferreira et al. reported 24% of Serratia strains 
as MDR, and all strains carried KPC‑carbapenemase (blaKPC) 
and extended‑spectrum beta‑lactamase blaTEM genes.[16] 
Congruently, in our study, 17% of the strains were MDRs. Out 
of them, 3% and 1% were ESBL and carbapenemase producers, 
respectively. Carbapenems are regarded as last‑resort 
antibiotics to treat infections caused by MDR Enterobacterales, 
and the development of resistance to carbapenems is 
alarming as it limits the treatment options. Therefore, 
prompt detection of carbapenemase‑producing Serratia and 
other Enterobacterales is necessary to limit their spread.

We also investigated the outcome of the Serratia 
infection. Several independent factors, such as pneumonia, 
septicemia, old age (>65 years), thrombocytopenia (platelet 
count < 50000/mm3), hyperbilirubinemia (serum total 
bilirubin >18 mmol/L), prolonged length of ICU stay, 
mechanical ventilation, and repeated hemodialysis, are 
associated with increased mortality among patients infected 
with Serratia.[11,36–38] In line with this, in our study we found 
a significant association (P < 0.001) between mortality and 
independent risk factors such as bacteremia/pneumonia, 
COVID‑19, and mechanical ventilation.

Limitations
Our study has several limitations. First, because of the 
retrospective study design, some of the information related 
to previous antibiotic therapy, length of hospital stays, serum 
albumin level, platelet count, infection prevention control 
practices among healthcare workers, etc., is unexploited. 
Therefore, we could not relate their role in predicting the 
transmission and outcome of Serratia infection. Second, the 
exact cause of death and confounding factors determining 
mortality were not determined. Third, the study did not 
determine the antimicrobial resistance genes in ESBL 
and carbapenem‑resistant strains. Finally, the study was a 
single‑center study with a small sample size, and hence, 
to validate our findings, a large multicenter study is 
recommended.

conclusIons
Over the last 2–3 decades, Serratia, especially S. marcescens, 
has emerged as an important nosocomial pathogen, causing 
a wide range of HAIs. Serratia strains that are resistant to 
multiple drugs are becoming more common and are linked to 
high death rates in immunocompromised patients, like babies 

and the elderly. Clinicians must evaluate the local microbiology 
data about the antimicrobial resistance pattern of clinical 
isolates before the selection of antibiotic therapy. Additionally, 
adhering to effective infection control practices is crucial to 
reducing the disease burden and limiting the emergence and 
dissemination of resistant strains.
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