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Abstract. Neonatal sepsis is one of the significant causes of morbidity and mortality in neonates, especially in developing
countries. This study investigates the species distribution and antimicrobial susceptibility pattern of agents causing
neonatal sepsis in a northern hospital in Vietnam. Materials and methods. All in-term neonates treated at the Neonatal
Center, National Children’s Hospital, Vietnam between December 2019, and April 2021 who met the clinical criteria
for sepsis and positive blood cultures were enrolled. Species identification and antimicrobial susceptibility testing were
performed with Vitek 2 Compact (bioMerieux, France). Results. Eighty-five neonates were included with the majority
of cases being early-onset sepsis (61.2%, 95% CI: 50.6—71.8%). Gram-negative, Gram-positive, and fungal isolates
constituted 50.6%, 40%, and 9.4%, respectively. The most common agent was Staphylococcus aureus (28.2%) followed by
Klebsiella pneumoniae and Escherichia coli (16.5% each). For those with bacteriological sepsis, Gram-negative pathogens
were predominant in early-onset sepsis whereas Gram-positive pathogens were predominant in late-onset sepsis (75.0%
(33/44) vs 69.7% (23/33), p < 0.001). Antibiotic resistance was common among bacterial isolates, but antifungal resistance
was not detected among isolates of Candida sp. Vancomycin and fluoroquinolone were very effective against Gram-
positive organisms while piperacillin + tazobactam, aztreonam, and ertapenem were potent drugs against Gram-negative
organisms. Conclusion. Routine investigation of microbial profiles and antimicrobial susceptibility patterns is essential
to guiding strategies for the choices of empirical antimicrobials.
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Pe3iome. HeonarajibHbIil CETICUC SIBJISIETCSI OMHOIM M3 OCHOBHBIX IIPUYMH 3a00J1€BAEMOCTH U CMEPTHOCTH HOBOPOX-
JIEHHBIX, 0COOEHHO B pa3BUBaloLIMXCs cTpaHax. Hacrosiiee uccienoBatue ObLI0 HAIPABISHO HA U3YyYeHUE BUIOBOIO
pacrpeneiaeHus: 6aKTepuii, BhI3BIBAIOIIMX HEOHATAIbHBII CEICUC, U MPOMUIISL UX YYBCTBUTEIBHOCTU K IIPOTUBOMMU-
KpOOHBIM IIperaparaM B 00J1bHULE Ha ceBepe BoeTHama. Mamepuaavt u memoods:. B uccnenoBanue ObLIM BKIIOUYEHBI BCE
JIOHOLLEHHbIe HOBOPOXICHHbIE, IPOXOAMBIIIKE JIeYeHHE B HEOHATAIbHOM LieHTpe HalmoHaabHOM e TCKO# 00J1bHMIIbI
Brernama B mepuon ¢ nekabps 2019 r. mo ampens 2021 T., KOTOpbIe COOTBETCTBOBAIN KITUHUYECKUM KPUTEPUSIM CeTI-
cuca M 'y KOTOPBIX OBLIT TOJTyYeH TOJOXUTETbHBIN pe3yTbTaT moceBa Kposu. MneHTuduKammo BugIoB Bo30yauTeIen
1 OTIpelieSieHre YYBCTBUTEIBHOCTH K TPOTUBOMUKPOOHBIM TIperapataM MPOBOAMIM C TOMOIIbIO 0aKTepUOJIOryec-
Koro aHaim3aropa «Vitek 2 Compact» (bioMerieux, ®@panums). Pezyasbmames:. B viccienoBaHUN MPUHSIIN yJacTHe
85 HOBOPOXIEHHBIX, Y OOIBIIMHCTBA NX KOTOPBIX OTMEUEH CEICHC ¢ paHHUM HavajoM (61,2%, 95% O U: 50,6—71,87%).
I'pamoTpuLIaTeIbHBIE, TPAMIIONOXMUTEIbHBIE U I'PUOKOBBIE M30JAThI cocTaBiasuin 50,6, 40 u 9,4% coOTBETCTBEH-
Ho. Haunbosee yacteiM Bo30OyauTesaeM Obu1 Staphylococcus aureus (28,2%), 3a vum cinenosanu Klebsiella pneumoniae
u Escherichia coli (1o 16,5%). Y 601bHBIX ¢ OaKTepHaJbHBIM CEIICMCOM I'paMOTpUIIATEIbHbIC BO30YIUTEIN IIpeobJia-
JIaJI1 IIPU CeICHCe C pAHHMM HavaJloM, TOIIa KAaK FPaMITIOJOXUTeIbHbIe BO30YIUTEIM — IIPU CEIICUCEe C MTO3IHUM Ha-
yayioM (75,0% (33/44) npotus 69,7% (23/33), p < 0,001). Y 6akTepuaibHbIX M30JISITOB YACTO BHISIBJISLIACH YCTONYMBOCTD
K aHTUOMOTHUKAM, TOraa Kak y u3onsdtoB Candida spp. pe3UCTEHTHOCTHU K IIPOTUBOrPUOKOBBIM IIperaparaM YCTaHOB-
JIEHO He ObL10. BaHKOMULMH 1 (PTOPXMHOJIOH ObLIK KpaiiHe 9 (EKTUBHBI B OTHOLIEHUHU TPAMIIOIOXUTEIbHBIX MU~
KPOOPraHM3MOB, B TO BpeMsI KaK MUTIEPAIIUJUIMH + Ta300aKTaM, a3TpeoHaM W 3pTATIeHEeM TIPOSIBIISIA BhIPAXKEHHYIO
AKTUBHOCTD MPOTUB TPAMOTPHUIIATEIEHBIX MUKPOOPTaHU3MOB. Bbieodsl. PyTUHHOE 1MccenoBaHUe MUKPOOHBIX TTPO-
(uneit u Moneneit 9yBCTBUTENIBHOCTH K TPOTUBOMUKPOOHBIM MTperapaTtaM MMeeT BaxkHOe 3HaYeHUeE JIJTsT OTIPeIeICH U ST
CTpaTeruy BEIOOpa SMITMPUIECKUX TIPOTHBOMUKPOOHBIX ITPEIapaTos.

Karoueesnle caosa: neonamanvrulii cencuc, udvl, AHMUMUKPOOHAs wyecmaumenvHocms, Staphylococcus aureus, Klebsiella pneumoniae,
Escherichia coli.

Introduction

Neonatal sepsis is one of the significant causes
of morbidity and mortality in neonates, especially
in developing countries. Globally, neonatal sepsis
is estimated to cause from 1.3 to 3.9 million cases and
between 400 000 and 700 000 deaths annually [41].
The mortality rate for neonatal sepsis is between 1%
and 5% for sepsis and 9% to 20% for severe sepsis [14].
Furthermore, the rate of mortality is not equal and
far higher in developing countries (roughly ~34/1000
live births) compared to that in developed countries
(=5/1000) [4]. One of the main challenges to the effec-
tive management of neonatal sepsis is the occurrence
of antimicrobial resistance among clinically relevant
pa thogens [45]. For this reason, an antimicrobial re-
gime to treat causative agents is ideally based on the
results of blood culture and drug sensitivity tests [32].
However, these results are available only for cases
with positive blood cultures, the technique that
is considered the gold standard for diagnosis but lacks
sensitivity and cannot produce results quickly [34].
So early initiation of empiric antimicrobial therapy

based on updated data on the local profile of species
distribution and antimicrobial resistance of causative
pathogens is very important [18, 24]. In addition, this
approach could reduce the inappropriate use of an-
tibiotics, and consequently, reduce the emergence
of antimicrobial-resistant pathogens [5].

Vietnam is a developing country and infection
is still the leading primary cause of hospital admis-
sion and mortality in neonates [37]. Geographically,
Vietnam is divided into northern, central, and south-
ern regions. There have been some reports of causa-
tive microorganisms of neonatal sepsis from the cen-
tral and south of Vietnam, but data from northern
Vietnam is limited [35, 36]. We conducted this study
to investigate the species distribution and antimicro-
bial susceptibility pattern of agents causing neonatal
sepsis in a northern hospital in Vietnam.

Materials and methods

Ethical consideration. This retrospective study
is part of thesis work for the fulfillment of Doctor
of Philosophy in Health Studies and obtained clearance

134



2024, T. 14, Ne 1

Neonatal sepsis in Northern Vietnam

from the ethics committee of the Vietnam National
Institute of Malariology, Parasitology and Entomology
(NIMPE). Written or verbal consent was obtained
from all the legal representatives of the patients.

This study was carried out at the Neonatal
Centre, National Children’s Hospital, Vietnam be-
tween December 2019, and April 2021. Agent isola-
tion and analysis were done in the laboratories of the
Department of Microbiology, National Children’s
Hospital.

Data collection. All in-term newborns (0—28 days
of age) visiting the Centre with clinical symptoms/
signs that met the criteria for sepsis and positive re-
sults of blood culture were enrolled in the study.
Patients receiving blood or having severe congeni-
tal diseases that affect vital function were excluded
from the study. Demographic and clinical findings
were obtained from electronic medical records using
a standardized case report form.

Microorganism analysis. To isolate the responsible
agents for sepsis, 2 ml of blood were collected from
two different sites and subjected to culture in two
bottles, one for aerial bacteria and one for anaero-
bic bacteria or fungi according to the adjustment
of responsible clinicians. Species identification and
antimicrobial susceptibility testing (AST) were per-
formed with “Vitek 2 Compact” (using VITEK® 2
GN ID, VITEK® 2 GP ID and VITEK® 2 YST ID
cards for identification of Gram-negative, Gram-
positive isolates and yeast respectively, AST GN 86,
AST GP 67 and AST-YS08 GN cards for AST of GN,
GP and yeast respectively, bioMerieux, France) fol-
lowing the manufacturer’s instructions.

Definition. The diagnosis of neonatal sepsis in the
present study was based on criteria issued by European
Medicines Agency [12]. An infection presented be-
tween birth and 72 hours of life was classified as early-
onset sepsis (EOS) and “late-onset sepsis” (LOS) was
sepsis that occurs after 72 hours of life. The minimum
inhibition concentration (MICs) was categorised as S
(susceptible) and R (resistant) according to species-
specific breakpoints established by the Clinical and
Laboratory Standards Institute [6, 7, 8].

Statistics. Data were analyzed using SPSS soft-
ware version 20.0. Categorical data were described by
case number (n) and percentages. Continuous data
were expressed as meanzxstandard deviation (SD).
Categorical variables were compared by Chi-square
test and the accepted level of significance was two-
tailed p < 0.05.

Results

During the study period, 85 in-term neonates met
the included criteria and were enrolled. The male-
to-female patient ratio was 1.2:1 and the mean age
of gestation was 38.6 weeks. About one-quarter
of neonates had low birth weight but none had very
low birth weight (< 1.5 kg). More than half of them

Table 1. Baseline characteristics of 85 patients
recruited with neonatal sepsis

Variable % (Cl 95%) or mean=SD
Demographic features
Male 54.1(43.3-64.9)
Gender Female 45.9 (35.1-56.7)
Age (days) 10.4£8.2
Birth weight (grams) 2918.2+548
Low birth weight (< 2500 g) 25.9(16.4-23.2)
Gestation age (weeks) 38.6+1.1
Onset of sepsis EOS 61.2 (50.6-71.8)
P LOS 38.8 (28.3-49.4)
Maternal features
. SVD 50.6 (39.7-61.4)
Mode of del *
cdeordelivery”  rcs 49.4 (38.6-60.3)
History of infection during N
the gestation period# 15.3(7.5-23.10)

Note. *CS Cesarean Section, SVD Spontaneous Vaginal Delivery.
#Mothers with history of infection included 8 with genital infection,
7 with bronchitis, gingivitis, or urinary tract infections, and 2 with
chorioamnionitis.

were delivered by SVD and about one-fifth of the
neonates’ mothers had a history of infection during
the gestational period. The majority of cases were de-
fined as EOS (61.2%) (Table 1).

There were 85 microbial isolates belonging to 19
different kinds of organisms. Bacteria composed
the most (90.6%) while fungi accounted for only 9.4%
of the isolates. For those with bacteriological sepsis,
Gram-negative (GN) isolates were more common
than Gram-positive (GP) isolates (55.8% and 44.2%
respectively). In all groups, the most predominant
agent was S. aureus (28.2%) while K. pneumoniae and
E. coli (16.5% each) were the predominant causative
agents in GN bacteria. Gram-negative pathogens
were predominant in EOS whereas GP pathogens
were predominant in LOS [75.0% (33/44) vs 69.7%
(23/33), p < 0.001]. There were 5 species of fungi re-
covered and C. albicans was the most prevalent agent
(50%, 4/8). All cases with candidemia were classified
as EOS (Table 2).

Gram-positive isolates were associated with
minimal sensitivity to clindamycin (13.0%), oxacil-
lin (14.3%), and benzyl penicillin (17.9%). Of note,
90.0—-95.2% of GP bacteria were sensitive to fluo-
roquinolone and 100% of isolates were sensitive
to vancomycin. S. aureus (the most common patho-
gen isolated) showed high sensitivity to vancomycin,
fluoroquinolones (100%), and gentamicin (83.3%)
(Table 3).

Gram-negative isolates demonstrated a low sen-
sitivity to cefotaxime (8.3%), ampicillin + sulbactam
(9.5%), ceftazidime (45.8%), and cefoxitin (50.0%),
moderate sensitivity to ciprofloxacin (60%), moxi-
floxacin (69.2%), tobramycin (63.2%), ceftriaxone
(63.6%), amikacin (68.6%), and imipenem (72.7%).
The drugs that show high efficacy against GN or-
ganisms was piperacillin + tazobactam (sensitivity

135



T.T. Thang et al.

MHdekumns n uMmyHuTeT

Table 2. Distribution of bloodstream infection isolates

Groups Species EOS LOS Total %
Klebsiella pneumoniae 12 2 14 16.5
Escherichia coli 7 7 14 16.5

Serratia marcescens 4 0 4 4.7

Acinetobacter baumannii 3 0 3 3.5

. Burkholderia cepacia 2 1 3 3.5

Gram-negative -

Pseudomonas aeruginosa 2 0 2 24

Enterobacter cloacae complex 1 0 1 1.2
Stenotrophomonas maltophilia 1 0 1 1.2

Elizabethkingia meningoseptica 1 0 1 1.2
Subtotal 33 10 43 50.6
Staphylococcus aureus 5 19 24 28.2

GBS* 3 4 7 8.2

Gram-positive Listeria monocytogenes 1 0 1 1.2
Enterococus faecium 1 0 1 1.2

Bacillus cereus 1 0 1 1.2
Subtotal 11 23 34 40.0

Candida albicans 4 0 4 47

Candida tropicalis 1 0 1 1.2

Candida krusei 1 0 1 1.2

Fungi Candida parapsilosis 1 0 1 1.2
Candida guilliermondii 1 0 1 1.2

Subtotal 8 0 8 9.4

Total 52 33 85 100

Note. *GBS: Group B streptococcus.
Table 3. Profile of antimicrobial sensitivity among Gram-positive isolates*
Groups Antibiotics S. aureus GBS Other Total %

Aminoglycosides Amikacin 1/2 0/1 1/3 33.3
Gentamycin 15/18 0/1 15/19 78.9

Benzyl penicillin 0/22 5/6 5/28 17.9

Oxacillin 0/23 4/4 0/1 4/28 14.3

Ticarcillin 0/1 0/1 0.0

Cefazolin 0/1 0/1 0.0

Cefoxitin 01 01 0.0

Ceftriaxon 2/3 0/1 2/4 50.0

Cefoperazone 0/1 0/1 0.0

Beta-lactam Ceftazidim 0/1 0/1 0.0
Cefotaxim 2/3 2/3 66.7

Cefepime 0/1 0/1 0/2 0.0

PiTa* 1/1 1/2 0/1 2/4 50.0

AmS## 1/1 2/4 1/2 4/7 571

Aztreonam 0/1 0/1 0.0

Ertapenem 0/1 0/1 0/2 0.0

Meropenem 2/2 0/1 2/3 66.7

Imipenem 0/1 11 1/2 50.0

Ciprofloxacin 1717 01 1/2 18/20 90.0

Fluoroquinolone | Moxifloxacin 15/15 5/5 01 20/21 95.2
Levofloxacin 20/20 5/6 01 25/27 92.6

Glycopeptide Vancomycin 24/24 7 2/2 33/33 100
Lincosamide Clindamycin 1/16 2/7 3/23 13.0

Notes. *N = number of sensitive isolates/Number of tested isolates. *PiTa: Piperacillin + tazobactam. **AmS: Ampicillin + sulbactam.
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Table 4. Profile of antimicrobial sensitivity among Gram-negative isolates*

Groups Antibiotics | K. pneumoniae E. coli Other Total %
Amikacin 8/14 12/13 4/8 24/35 68.6
Aminoglycosides | Gentamycin 3/1 7/13 4/6 6/10 16/34 471
Tobramycin 4/8 4/6 4/5 12/19 63.2

Cefazolin 1/1 0/1 1/2 50.0

Cefoxitin 3/8 5/9 2/3 10/20 50.0

Ceftriaxon 4/8 6/9 4/5 14/22 63.6

Cefoperazone 1/1 11 100.0

Ceftazidim 5/11 4/6 2/7 11/24 45.8

Cefotaxim 0/6 0/2 1/4 1/12 8.3

Beta-lactam Cefepime 2/2 4/4 1/2 7/8 87.5
PiTa* 5/5 3/3 2/3 10/11 90.9

AmS#* 0/9 2/11 0/1 2/21 9.5

Aztreonam 5/5 4/5 3/3 12/13 92.3

Ertapenem 6/6 4/5 3/3 13/14 92.9

Meropenem 3/4 3/6 4/6 10/16 62.5

Imipenem 6/8 8/11 2/3 16/22 727

Ciprofloxacin 5/8 3/7 7/10 15/25 60.0

Fluoroquinolone | Moxifloxacin 4/8 2/4 3/5 9/13 69.2
Levofloxacin 4/8 4/8 10/13 18/29 62.1

Notes. *N = number of sensitive isolates/Number of tested isolates. *PiTa: Piperacillin + tazobactam. #AmS: Ampicillin + sulbactam.

rate of 90.9%), aztreonam (92.3%), and ertapenem
(92.9%) (Table 4).

Resistance to tested antifungals (caspofungin,
fluconazole, micafungin, voriconazole, fluorocyto-
sine, amphotericin B) was not detected among iso-
lates of Candida spp.

Discussion

There were 85 in-term neonates involved in this
study. The characteristics of our patients were com-
parable to those in some other studies in Vietnam re-
porting the predominance of males, and EOS among
patients with neonatal sepsis [35, 36, 37].

The predominance of bacteria as the causative
agent of neonatal sepsis (90.6%) in our study is in
line with many previous reports [23, 29, 44]. The ma-
jority of GN isolates among patients with bacterio-
logical sepsis is identical to those previously report-
ed in India [29], Myanmar [28] and Vietnam [23].
Similarly, the majority of GN organisms among
EOS and GP bacteria among LOS patients in our
patients are concordant with those in the litera-
ture [3, 46]. A very high prevalence of GN organ-
isms among EOS sepsis (90.4%) has been reported
in Indonesia [31].

Considering single species, the leading cause
of neonatal sepsis was S. aureus (28.2%), followed by
K. pneumoniae and E. coli. Our results seem to repli-
cate previous data demonstrating the predominance
of S. aureus, K. pneumoniae and E. coli as the causa-
tive agents of neonatal sepsis in developing coun-
tries [15, 40]. Surprisingly, the prevalence of S. aureus
in our study was high which diverges from the very
low rates (4—4.5%) reported in central and south-

ern Vietnam [35, 37]. However, our result conforms
with those reported in Ethiopia [16], and India [22].
In our opinion, this difference could reflect the geo-
graphic variation of agents causing neonatal sepsis
and emphasize the importance of routine investiga-
tion of the distribution species to get updated pro-
files of aetiologic organisms in different regions [38].
Of the GN organisms, K. pneumoniae, E. coli were
the most common isolates (16.5%) which was in ac-
cordance with other findings in Vietnam [23, 35].
The rate of sepsis caused by GBS in our study (8.2%,
7/85) was lower than that in developed countries
(43—58%) [46]. This minority may be the conse-
quence of the low prevalence of GBS colonization
among pregnant women in Vietnam [11, 17]. In the
literature, the incidence of neonatal sepsis caused by
GBS in Asia is usually low in comparison with other
regions [25]. The recovery of some rare agents such as
Enterobacter cloacae complex [2], Stenotrophomonas
maltophilia [26], Elizabethkingia meningoseptica [28],
Listeria monocytogenes |21], Enterococus faecium [13],
Bacillus cereus [20] has been reported elsewhere.

The second objective of our study is to determine
the antimicrobial pattern of agents causing neonatal
sepsis. Results in Tables 3 and 4 show that: (1) antibi-
otic resistance was common for bacterial agents while
all fungal isolates were sensitive to the tested antifun-
gal, (2) vancomycin and fluoroquinolone were very
effective against GP bacteria while piperacillin +
tazobactam, aztreonam, and ertapenem were potent
drugs against GN organisms.

The resistance to antibiotics commonly used
for empirical therapy such as fluoroquinolones and
B-lactams (carbapenems, cephalosporins, and peni-
cillins) [9, 27, 42] occursin almost all bacterial species
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despite a small number of the tested isolates. The de-
creased susceptibility of bacteria to these drugs in the
present study follows the trend described previously
and may pose a further challenge to clinical practice
in Vietnam [23, 37, 39]. In contrast, antifungal re-
sistance was not observed among all fungal isolates.
The absence of antifungal resistance could be due
to the predominance of C. albicans in the current
study, a species with rare antifungal resistance [32].
Among the tested antibiotics, vancomycin and
fluoroquinolone were very effective against GP bac-
teria while piperacillin + tazobactam, aztreonam,
and ertapenem were potent drugs against GN or-
ganisms. The potent efficacy of vancomycin against
GP isolates in our study is in line with some other
reports [23, 37, 39]. On a global scale, resistance
to vancomycin among GP organisms is very rare [1].
It is worth noting that GP isolates in the present study
seemed to have higher rates of sensitivity to fluoro-
quinolones (90.0—95.2%) than that in prior studies
done in Vietnam (75—78%) [23, 36] and Myanmar
(72.3—77%) [28]. In contrast, GN isolates demon-
strated moderate susceptibility to fluoroquinolones
but high sensitivity to piperacillin + tazobactam,
aztreonam, and ertapenem. The moderate sensitive
rate of GN organisms to fluoroquinolone in the cur-
rent study (60.0—69.2%) was in the range of those
reported from 13 hospitals in Vietnam (between 18—
62%) [39]. The potent efficacy of ertapenem, a drug
belonging to the carbapenem class, replicates find-
ings from prior studies [23, 36, 39]. The susceptibility
profile of GN bacteria to piperacillin + tazobactam
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