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Abstract: Antimicrobial resistance (AMR) is a concern in medical care for children who have high
burden of infectious diseases. We investigated the prevalence of bacterial species and their suscepti-
bility to antimicrobials of 1019 clinical isolates from pediatric patients in a tertiary-care hospital in
Yangon, Myanmar for one-year period (2020). The most frequently recovered species was Escherichia
coli, followed by Klebsiella pneumoniae and Staphylococcus aureus, all of which accounted for 43% of
clinical isolates, while 25% of isolates comprised non-fermenter, including Pseudomonas sp. and
Acinetobacter sp. Phenotypically determined ESBL (extended-spectrum beta-lactamase)-positive rates
in E. coli, K. pneumoniae, and Enterobacter sp. were 82%, 88%, and 65%, respectively. High rates
of multiple drug resistance were noted for E. coli (84%), K. pneumoniae (81%), and Acinetobacter sp.
(65%), associated with carbapenem resistance in 48%, 42%, and 59% of isolates, respectively. In
contrast, S. aureus isolates exhibited low resistance rates (<30%) to most of antimicrobials, with 22%
being resistant to oxacillin/cefoxitin. Fluoroquinolone resistance was found in most of bacterial
species with different prevalence rates. The present study revealed the current status on prevalence
of bacterial species causing infections in pediatric patients in Myanmar, highlighting the significance
to monitor AMR among children.

Keywords: children; antimicrobial resistance; Escherichia coli; Klebsiella pneumoniae; MRSA; Enterococ-
cus; ESBL; carbapenem; Myanmar

1. Introduction

Antimicrobial resistance (AMR) of pathogenic microorganisms is one of the major
public health concerns. Southeast Asia has been regarded as a global hotspot of the
emergence and spread of AMR because of increased antimicrobial demand and usage. This
situation is considered to be implicated in population and economic growth, suboptimal
knowledge and prescribing practice of antimicrobials, and also agriculture and aquaculture
dependent on antimicrobials [1]. Particularly in low- and middle-income countries (LMICs),
AMR is predicted to cause health and economic impact due to high burden of infectious
diseases [2]; accordingly, surveillance to obtain accurate information on AMR is critical to
proceed with appropriate treatment and reduction of AMR rates. However, comprehensive
data of AMR are limited due to the limit of resources and technical capacity in these
countries [2,3].

Clinically important bacterial groups/species that require rigid epidemiological surveil-
lance of AMR include Enterobacterales, Pseudomonas aeruginosa, Acinetobacter baumannii,
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Staphylococcus aureus, and Enterococcus faecium, which are part of the “priority pathogen
list” presented by WHO in 2007 [4]. In Asian regions, resistance to cephalosporins and
carbapenems mediated by extended-spectrum beta-lactamases (ESBLs) or carbapenemases
has been widespread among Enterobacterales, and other gram-negative rods belonging to
non-fermenter [5]. Methicillin-resistant Staphylococcus aureus (MRSA) has been persistently
prevalent, associated with spread of the regional and pandemic clones [6]. Investigation on
relevance of these drug-resistant bacteria has been mainly focused on the adult population,
while the information in children is limited [7-9]. Children are vulnerable to various infec-
tious diseases, with bacteremia remaining a main cause of death in resource-poor settings;
therefore, their optimal treatment is threatened by AMR [7].

In Myanmar, prevalence of pathogenic bacterial species and their drug resistance was
studied mostly for adult patients [10-14]. Although the information of bacterial isolates
from pediatric patients is available in a few studies on Escherichia coli, S. aureus, and neonatal
sepsis [15-17], there is no comprehensive data on drug resistance in all the species of clinical
isolates from children. In the present report, we describe the prevalence and drug resistance
rates of all the clinical isolates from pediatric patients in a tertiary-care and teaching hospital
in Yangon, Myanmar, during a one-year period to reveal characteristics and trend of current
AMR situation in children.

2. Materials and Methods

We conducted a cross-sectional, observational study in Yangon Children’s Hospital
(YCH), which is a 550-bed hospital providing medical services to the pediatric population
throughout the country. From January 2020 to December 2020, all the sequential clinical
specimens from pediatric patients (blood, sputum, tracheal aspirate, urine, and pus/wound
swabs, etc.) submitted to the Microbiology Laboratory of YCH for routine culture of
pathogenic bacteria and their susceptibility testing were included in this study.

Each specimen was inoculated on sheep blood agar and MacConkey agar plates and
incubated at 37°C overnight. Blood agar plates for sputum, wound swab, and blood/ CSF
(cerebrospinal fluid) culture samples were incubated at 3-5% CO, incubator. Bacterial
culture from blood and CSF was initially performed by using BACTEC™ FX40 Instrument
(Becton Dickinson, Sparks, NV, USA). Bacterial isolates from specimens were first detected
by colonial morphology on agar plates and observed by ordinary light microscope following
Gram staining. Identification and antibiotic susceptibility testing was performed by the
Automated Microbiology System, BD Phoenix (Becton Dickinson, Sparks, NV, USA). In this
system, a panel of 51 micro-wells containing substrates was used for bacterial identification.
For antimicrobial susceptibility testing, a panel of 85 micro-wells was utilized, followed
by bacterial growth detection by the use of a redox indicator (colorimetric oxidation-
reduction). Resistance to antimicrobials for individual species of bacteria was judged in
accordance with breakpoints mentioned in the Clinical and Laboratory Standards Institute
(CLSI) guidelines (2019) [18]. ESBL production was phenotypically confirmed by using
the BD Phoenix panel containing third-generation cephalosporin and third-generation
cephalosporin plus clavulanic acid. In the present report, multiple drug resistance (MDR)
was defined as resistance to three or more different classes of antimicrobials.

3. Results

During the one-year period, a total of 1019 isolates were recovered from 4133 clinical
specimens submitted to the microbiology laboratory. Among the 23 different specimen
types, blood was the most common (2036, 49%), followed by urine (1074, 26%), wound/pus
(327, 8%), and CSF (267, 7%) (Table S1). Among the common specimens, the culture-positive
rate of isolates was high (>60%) in wound/pus, ear swab, and tracheal aspirate, while
blood showed a lower rate (14%).

Bacterial species identified in major clinical specimens and clinical wards are sum-
marized in Tables 1 and S2. The most frequently recovered species was E. coli, followed
by Klebsiella pneumoniae and S. aureus, all of which accounted for 43% of the clinical iso-
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lates. In addition, 25% of isolates comprised non-fermenters including Pseudomonas sp.
and Acinetobacter sp. From urine, E. coli, K. pneumoniae, and Enterococcus sp. were the
most common (61% of all the urine isolates). Various bacterial species were identified
from blood, including common ones, such as K. pneumoniae, Enterobacter sp., Burkholderia
cepacia, Acinetobacter sp., S. aureus, and coagulase-negative staphylococci (CoNS). The major
single-pathogenic species in wound/pus/tissue was S. aureus (38%), while the almost half
of isolates were classified into gram-negative bacteria of various species. P. aeruginosa,
B. cepacia, and A. baumannii were commonly identified for isolates from the respiratory
specimens, accounting for 61%. Among the clinical wards in YCH, the highest number of
isolates with various species were derived from the medical ward and the surgical ward
(Table S2). In contrast, isolation rates of Klebsiella sp. and S. aureus were distinctively higher
in the neonatal ward and the orthopedic ward, respectively.

Table 1. Bacterial species/group recovered from major clinical specimens.

Number of Isolates in Each Specimen (%)

Bacterial Species Urine Blood Wound/Pus/Tissue Resp{ratory ]?ar/Eye Total
Specimens Discharge

Escherichia coli 100 (32) 8 (3) 29 (13) 137 (15)

Klebsiella sp. 50 (16) 44 (16) 29 (13) 11 (13) 134 (14)
Enterobacter cloacae 6(3) 4 (5) 3(8) 13 (1)
other Enterobacter sp. 21 (7) 21 (2)
Proteus mirabilis 3(8) 3(0.3)
Serratia marcescens 11 (4) 3(4) 2 (5) 16 (2)
Salmonella sp. 11 (4) 11 (1)
Other Enterobacterales 30 (10) 7 (2) 94) 3(8) 49 (6)
Pseudomonas aeruginosa 25 (8) 25 (12) 17 (20) 7 (19) 74 (8)
other Pseudomonas sp. 9(3) 9(1)
Burkholderia cepacia 38 (14) 1(0.5) 18 (22) 1(3) 58 (6)
Stenotrophomonas maltophilia 6 (7) 6 (0.6)
Acinetobacter baumannii 11 (5) 16 (19) 2 (5) 29 (3)
Acinetobacter sp. 17 (6) 17 (2)
Other non-fermenter 25 (8) 11 (4) 3(4) 39 (4)

Staphylococcus aureus 19 (7) 81 (38) 4 (5) 9 (24) 113 (12)
Coagulase-negative Staphylococci 7(2) 23 (8) 17 (8) 4(11) 51 (5)
Streptococcus pyogenes 1(3) 1(0.1)
Streptococcus sp. 2(1) 4(1) 4(2) 10 (1)
Enterococcus sp. 40 (13) 4(1) 2(1) 46 (5)
Candida sp. 36 (11) 53 (19) 2(1) 1(1) 1(3) 93 (10)
Cryptococcus neoformans 1(0.4) 1(0.1)
Yeast/mold 1(3) 1(0.1)

total 315(100) 281 (100) 216 (100) 83 (100) 37 (100) 932 (100)

Antimicrobial resistance rates for major bacterial group/species are shown in Figure 1a—f.
Phenotypically determined ESBL-positive rates were 82%, 88%, and 65% in E. coli, K.
pneumoniae, and Enterobacter sp., respectively. E. coli and K. pneumoniae exhibited >70~80%
resistance rates to ceftriaxone and cefepime, and >40% of these species were resistant
to carbapenems. More than half of E. coli and K. pneumoniae isolates were resistant to
tetracycline, gentamicin, quinolones, and trimethoprim/sulfamethoxazole, showing MDR
rates of 84% and 81%, respectively. Acinetobacter sp. showed generally higher resistance
rates to most of antimicrobials examined than Pseudomonas sp., with higher rate of MDR
(65%) than that of Pseudomonas sp. (37%) (Figure 1). Enterobacter sp. also showed a high
MDR rate (61%). Only a few isolates of E. coli, Klebsiella sp., and Acinetobacter sp. (<5%)
were resistant to colistin and tigecycline.
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Figure 1. Resistance rates (%) to antimicrobials in six major species (genus) of bacteria ((a) Es-
cherichia coli, (b) Klebsiella sp., (c) Pseudomonas sp., (d) Acinetobacter sp., (e) Staphylococcus aureus,
(f) Enterococcus sp.) isolated in Yangon Children’s Hospital in 2020. The bars representing rates
for quinolones, carbapenems, and oxacillin (cefoxitin) are shown in orange, blue, and pink, re-
spectively. MDR represents multiple drug resistance, which was defined as resistance to three or
more antimicrobials of different classes. For (b,c), MDR rates of K. pneumoniae and P. aeruginosa are
shown, respectively. “Gentamicin—high” (e) and “Gentamicin (high level)” (f) represent MIC of
>500 pg/mL. To assign resistance to tigecycline, interpretive criteria for Enterobacterales (MIC of
8 ug/mL or higher) defined by the U.S. Food and Drug Administration was employed.

S. aureus exhibited <30% resistance rates to most antimicrobials, except for peni-
cillin G and trimethoprim/sulfamethoxazole. MRSA, which was defined by resistance
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to oxacillin/cefoxitin, accounted for 22% of S. aureus, and Enterococcus sp. showed high
resistance rates (68-89%) to ampicillin, gentamicin (high-level resistance), erythromycin,
tetracycline, and ciprofloxacin, while most isolates were susceptible to vancomycin and
linezolid. Despite being variable in frequency, resistance to fluoroquinolones was com-
monly found in all the species, with E. coli and Enterococcus sp. showing high resistance
rates (>70%).

4. Discussion

In the present report, a whole picture of bacterial isolates from pediatric patients
and their resistance profiles was first described in Myanmar, in a tertiary-care hospital
specialized for pediatric care. On the whole, major bacterial species from pediatric patients
were E. coli, K. pneumoniae, S. aureus, and non-fermenter, represented by Pseudomonas sp. and
Acinetobacter sp. A notable finding was the high rate of ESBL producers and carbapenem
resistance in Enterobacterales. Resistance rate to ceftriaxone in E. coli and K. pneumoniae in
the present study (82% and 88%, respectively) were comparable to or slightly higher than
those reported for isolates from bacteremia/sepsis in Asian LMICs [2,7]. Previous reports in
Myanmar described lower rates of ceftriaxone resistance in E. coli blood isolates (30%) [10],
ESBL-positive rate among all the E. coli clinical isolates (67%) [11], and K. pneumoniae
isolates from respiratory infections (37%) [14]. In contrast, K. pneumoniae from neonatal
sepsis during 2017-2019 showed 93% resistance to ceftazidime [16], and our previous
study in YCH in 2019 revealed that 81% of E. coli was phenotypically judged as an ESBL
producer [17]. These findings suggest that ESBL has been highly prevalent among E. coli
and K. pneumoniae in pediatric patients in Myanmar.

The resistance rate to carbapenem of K. pneumoniae in the present study (42% to
meropenem) appears to be similar to those in South Asian countries (40—46%), while it
is higher than those in Southeast Asian countries (0-24%) [2] and also that reported for
neonatal sepsis in Myanmar (12%) [16]. Among E. coli, carbapenem-resistance rate in
clinical isolates from all the specimens in Myanmar was shown as 8.2% previously [11], in
contrast to 48% in the present study. Accordingly, carbapenem resistance in Enterobacterales
might have considerably spread over pediatric patients in Myanmar, which is of particular
concern for K. pneumoniae because it is a major bacterial species from blood in neonates.
Similarly, carbapenem resistance rates in Pseudomonas sp. (29%) and Acinetobacter sp.
(59%) in our study were comparable to or higher than those in other Asian countries [2],
indicating the need for continuous monitoring. In YCH, tigecycline is administered only for
sepsis with Enterobacterales showing MDR, while colistin is not used. However, resistance
to colistin or tigecycline was detected in some Gram-negative bacterial species despite
low rate. In an adult patient with urinary tract infection, isolation of colistin-resistant
E. coli harboring mcr-1 has been reported in Myanmar [19]. Accordingly, monitoring of
susceptibility to these last-resort drugs may be also necessary for pediatric isolates.

Prevalence of MRSA among S. aureus (22%) was relatively low, which was similar to
those in our previous study in YCH (19.7%) [15] as well as those in a tertiary-care hospital
in Yangon (8-13.8%) [13,20]. S. aureus isolates from pediatric patients showed generally
susceptibility to most antimicrobials, suggesting that drug resistance of S. aureus has not
notably progressed in children. However, another report from the national AMR surveil-
lance in Myanmar indicated higher prevalence of MRSA (48%) [21]. In addition, S. aureus
isolates in Myanmar frequently carry Panton—Valentine leukocidin (PVL) genes [13,15,20],
with significantly higher rate (68%) in methicillin-susceptible S. aureus from children [15].
Accordingly, the trend of prevalence of MRSA and virulence factors, including PVL, may
be noted for future issues. In contrast, enterococcal species were highly resistant (>70%) to
different classes of antimicrobials and was also associated with considerable resistance rate
to nitrofurantoin (53%), which is commonly used for urinary tract infections. Although
high susceptibility rates to vancomycin and linezolid seem to be maintained, further atten-
tion may be necessary to Staphylococcus and Enterococcus along with accurate evaluating
measures to determine nonsusceptibility to these antimicrobials.
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It was of note in the present study that fluoroquinolone resistance was observed in
different bacterial species, ranging from lower rates (22% in S. aureus) to high rates (74%
in E. coli, 89% in Enterococcus sp.), although fluoroquinolones are not administered to
pediatric patients except for older children. High rates of fluoroquinolone resistance in
clinical isolates from children have been reported for E. coli in other studies [22,23]. It
was postulated that the presence of fluoroquinolone resistance among children may be
due to cross-infection of the resistant bacteria from adults or transmission of resistance
genes associated with other antimicrobial resistance determinants colocalized on a same
plasmid [23,24]. The different resistance rates to quinolones depending on bacterial species
found in our present study may imply the presence of different genetic mechanisms of
resistance, which remains to be elucidated.

During the present study, a surge of COVID-19 occurred in Myanmar from September
to December 2020. However, in this period, only about 50 children with COVID-19 were
admitted to YCH, and most of them had mild symptoms. Therefore, it seems that COVID-19
did not influence prevalence of bacterial species and AMR.

The present report revealed the concerns for AMR in current pediatric isolates in
Myanmar, i.e., high resistance rates to cephalosporin and carbapenem in Enterobacterales
and non-fermenters and increased MDR trait in Enterobacterales and Enterococcus sp., in
contrast to relatively low prevalence of MRSA. These findings highlighted the significance
of resistance monitoring in pediatric isolates and also investigation for underlying resistance
mechanisms to promote various measures to control AMR. In Myanmar, pediatricians use
the guideline of antimicrobial use prepared by the Myanmar Pediatric Society. Considering
the present situation of AMR as observed in this study, there may be a need to ensure
the dissemination of the guideline along with any additional counterplan to strengthen
antimicrobial policy.
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