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INTRODUCTION
Neonatal morbidity and mortality are major global public 
health problem [1]. One of the causes of morbidity and 
mortality in newborns and child are is infections. As overall 
infant and child mortality fall, neonatal mortality represent 
an increasing proportion with recent estimates showing that 
neonatal mortality now accounts for more than 40%. Ap-
proximately 3.1 million babies worldwide dying each year in 
the first month of life [2,3]. The latest Levels and Trends in 
Child Mortality: Report 2020 from UNICEF and partners in 
the UN Inter-Agency Group for Child Mortality Estimation 
(UN IGME), shows the while mortality rates across age groups 
have continued to decline, the numbers of child deaths remain 
high – 5 million children age 5 died in 2019 alone largely due 
to causes such as infectious diseases, and nearly half of those 
deaths were among newborns (birth to 28 days of age) [4].

According to WHO, although the global number of 
newborns deaths declined from 5 million in 1990 to 2.4 
million in 2019, children face the greatest risk of death in 
their first 28 days. There are approximately 6 700 newborn 
deaths every day, amounting to 47% of all child deaths 
under the age of 5-years, up from 40% in 1990. In 2019, 
47% of all under-5 deaths occurred in the newborn period 
with about one third dying on the day of birth and close 
to three quarters dying within the first week of life [5]. 
Preterm birth, intrapartum-related complications (birth 
asphyxia or lack of breathing at birth), infections and birth 
defects cause most neonatal deaths. [5]. Neonatal infection 
is an important cause of morbidity, prolonged hospital 
stay and mortality among infants [6]. These infections are 
representing major causes of permanent disability among 
children worldwide [7].
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ABSTRACT
The aim: To obtain the estimates of the сurrent incidence rate of perinatal infections, risk factors, as well as their associated impact on mortality and determine the antimicrobial 
resistance of responsible pathogens in Ukraine.
Materials and methods: We performed a multicentre retrospective cohort study was based on surveillance data. This study included infants aged 0 to 6 days delivered in 
2017-2019 at 11 Ukrainian regional perinatal centers. Definitions of perinatal infections and mortality were used from the CDC/WHO/UNICEF.
Results: Of 18,348 liveborn infants, 472 (2.6%) perinatal infections were detected. The incidence of perinatal infection was 25.7 per 1000 live births. The most frequently identified 
types of infections were: bloodstream infections, 35.6 %, lower respiratory tract infections, 21.4%, Meningitis, 18.2%, Conjunctivitis, 11.9%, skin and soft tissue infections, 
6.6%, Dacryocystitis, 3.8%, and urinary tract infections, 2.5%. Early mortality rates from perinatai infections was 51.1%, with an incidence of 13.1 deaths/1000 live births. 
Potential risk factors the development of perinatal infections and mortality were low birth weight, prematurity, low gestasional age, mode of delivery (manual aid), premature 
rupture of membranes,  preterm premature rupture of membranes, prolonged rupture of membranes, turbid and meconeal amniotic fluid, infection of the mother during labor. 
resuscitation during delivery, invasive procedure, asphyxia. Main causative agents of perinatal infections were Escherichia coli, Streptococcus agalactiae, Staphylococcus aureus,  
Klebsiella pneumoniae, CoNS, Enterobacter cloacae, Pseudomonas aeruginosa.
Conclusions: This study showing that the high incidence rate of perinatal bacterial infections, as well as their associated impact on mortality, and presents a significant burden 
to the Ukraine.
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Due to the immaturity of the immune system, newborn 
infants are at risk for neonatal infections with certain viruses 
and several bacteria. [7]. An infection caused by a bacteria or 
virus that can be passed from a mother to to the infant during 
pregnancy (prenatal or congenital infections) or childbirth 
(perinatal or intranatal infections), as well as immediately after 
birth (postnatal infections) is called a perinatal infection. Ma-
ternal bacterial infection or colonization can, in some cases, 
cause complications at birth. Transmission of many bacterial 
perinatal infections occurs during childbirth, particularly in 
cases when invasive techniques such as episiotomy or artifi-
cial rupture of membranes are employed. Pathogens causing 
neonatal infections and their antibiotic susceptibility patterns 
may change over time and differ between countries [8-10]. It 
is therefore essential to monitor the epidemiology of neonatal 
infections to inform policy and clinical practice.

Although neonatal infections causes a significant propor-
tion of deaths in the first week of life, little is known about 
the prevalence of bacterial neonatal disease originating 
from maternal infection or colonization. For most bacterial 
pathogens, the mechanism leading to early-onset neonatal 
infection in newborns is unknown. In Ukraine, neonatal 
morbidity and mortality in infants which early-onset bac-
terial infections and pathogens causing neonatal infections 
and their antibiotic susceptibility is unknown. Neonatal 
infection surveillance networks not been established in 
Ukraine. There are few published data of neonatal mortality 
and morbidity in the Ukraine. In addition, these studies 
have mainly focused only on specific causes of neonatal 
morbidity. Therefore, more research study is needed to assess 
the prevalence of early-onset bacterial infections in infants.

THE AIM 
To obtain the estimates of the сurrent incidence rate of 
perinatal infections, risk factors, as well as their associat-
ed impact on mortality and determine the antimicrobial 
resistance of responsible pathogens in Ukraine.

MATERIALS AND METHODS

SETTING AND PARTICIPANTS
We performed a multicentre retrospective cohort study was 
based on surveillance data. This study included all infants aged 
0 to 6 days delivered in 2017-2019 at 11 Ukrainian regional 
perinatal centers, which are similar in terms of medical equip-
ment, personnel, laboratory facilities, and number of beds. 
All participating hospitals were required to have a clinical 
microbiology laboratory with the capacity to process cultures. 
Inclusion criteria: all mothers were local residents. Infants 
who were referred from other hospitals were excluded. Also 
excluded are babies born by caesarean section.

DEFINITIONS 
We defined perinatal infection during the first seven days 
of life. Live birth is defined as complete expulsion or ex-

traction from the mother of a product of human conception, 
irrespective of the duration of pregnancy, which shows any 
evidence of life (ie, heartbeats, umbilical cord pulsations, 
breathing, or voluntary muscle movement), regardless of 
whether the umbilical cord has been cut or the placenta is 
attached. Prematurity are liveborn infants delivered before 
37 weeks of pregnancy (based on the Ballard score or from 
first day of the last menstrual period). Low birth weight 
(LBW) neonate is neonate whose birth weight is less than 
2,500 gram. Meconeal amniotic fluid was considered if the 
amniotic fluid was green in color or mixed with meconeal, or 
appears meconeal stained in the baby. Congenital anomaly is 
defined as any abnormality of anatomy and morphology that 
found during physical examination. Premature rupture of 
membrane (PROM) is defined as the time from membrane 
rupture to onset of delivery was more than 18 hour. Asphyxia 
is defined as Apgar score less than 3 in the five minutes from 
delivery. For the purposes of this study an infection caused 
by bacteria that can be passed from a mother to her baby 
during pregnancy or delivery is called a perinatal infection. 
We used common criteria for three separate definitions for 
neonatal blood stream infections (BSI), meningitis and lower 
respiratory tract infections (LRTI) [11]. Early onset sepsis 
(EOS) was defined as infection in the first 48 h of life and 
late onset sepsis (LOS) as infection occurring thereafter. For 
definitions of Conjunctivitis, Dacryocystitis, Urinary Tract 
Infections (UTIs), Skin and Soft Tissue Infections (SSTIs) in 
Newborns used criteria by CDC. In our study the perinatal 
mortality rate encompasses early neonatal mortality.Early 
neonatal mortality rate: deaths at 0-6 days after live birth × 
1000/live births [12, 13]. 

DATA COLLECTION 
We reviewed data of all live births and collected the data of 
sample characteristic such as sex, gestational age, birth weight, 
mode of delivery and outcome between 2018 and 2020 were 
collected on a form specifically designed by the investigators 
using medical records comprising charts, daily flow sheets. 
A standardised form was completed by the clinician for each 
positive culture, and included the infant’s demographic details 
(birth weight, gestational age, gender), clinical information 
and microbiological data, as well as the antibiotic resistance 
profile of the isolate. Cases of perinatal infections that met 
standard case definitions were identified through active 
follow up during the hospital stay, on return to hospital, and 
during visits to ambulatory. Infants were followed through 
the patient records system to determine the rate of complica-
tions (mortality and morbidity). Anonymised data were then 
transferred onto a remote Microsoft Excel database. Data were 
cross-checked against the local microbiology databases on a 
regular basis to ensure completeness.

ETHICS 
The Shupyk National Healthcare University of Ukraine Eth-
ics Committee approved the waiver of informed consent to 
participate in this study due to its retrospective design. All 
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infants data were anonymised prior to the analysis. Infants 
presenting in this study were enrolled with due consent 
of their parents. Informed consent was obtained from the 
mother of the neonate before enrollment in the study.

MICROBIOLOGICAL METHODS 
All samples were obtained from infants with clinical symp-
toms of perinatal infections. Bacterial isolates were identi-
fied using standard microbiological techniques, including 
automated microbiology testing. Antibiotic susceptibility 
testing was performed by using the disk diffusion method 
according to the recommendations of the EUCAST. In our 
study strains in the intermediate range were classified as 
resistant for data analysis

STATISTICAL ANALYSIS
The analysis of statistical data was performed using Excel. 
Results are expressed as median (range), mean standard devi-
ation for continuous variables, and number and corresponding 
percentage for qualitative variables. Comparisons were under-
taken using Student’s t-test and Fisher’s exact test for categorical 
variables. Statistical significance was defined as P<0.05.

RESULTS 

PERINATAL INFECTIONS
During the study period (January 1st, 2017 and December 
31st, 2019), of the 18,348 liveborn infants included in the 

study, perinatal infections was diagnosed in 472 (2.6%, 95% 
CI 2.5%, 2.7%, P<0.001). The incidence of perinatal infection 
was 25.7 per 1000 live births (472/18,348). The most frequently 
identified types of perinatal infections was the following: BSIs, 
35.6 % (95% confidence interval [CI], 35.2-35.9), LRTI, 21.4% 
(95% CI, 21.4-21.7), Meningitis, 18.2% (95% CI, 17.9-18.5), 
Conjunctivitis, 11.9% (95% CI, 11.7-12.1), SSTIs, 6.6% (95% 
CI, 6.4-6.8), Dacryocystitis, 3.8% (95% CI, 3.7-3.9), and UTI, 
2.5% (95% CI, 2.4-2.6) (Table I). This study showed that the 
incidence of perinatal infection was higher in 2019 than in 
2017 (25.7 vs. 21.4 per 1000 live births). The incidence rate 
(per 1000 live births) of perinatal infections among live births 
in Ukraine is shown in Table II.

Perinatal infection was more common in male (n=265, 
56,1%) than in female infants (n=207, 43.9%; p=0.0001). 
The distribution of characteristic samples between perina-
tal infections and non infection cases; the birth weight in 
perinatal infection cases were also significantly lower than 
non infection cases. In addition, there were differences in 
the mode of delivery between two groups (infection and 
no infection). The majority of episodes of infection (n=334, 
70.8%, p=0.0001) occurred in infants born at <37 weeks 
gestation. In addition, there were differences in the mode 
of delivery between two groups (infection and no infec-
tion), in premature rupture of the membrane, in turbid 
and meconeal amniotic fluid, and in asphyxia. Similarly, 
98.2% of episodes occurred in infants with a birth weight 
<2000 g (n=347), of which 53% (n=237) occurred in infants 
<1000 g, 47.3% (n=164). (Table III).

Approximately a quarter (24.2%) of all perinatal infec-
tions occurred in the first 48 h of life (early onset) and the 

Table I. The frequently identified types of infections among 472 infants with perinatal infections in Ukraine, 2017-2019 
Type of infections No. of  infections % (95% CI)

BSIs 168 35.6 (35.2 – 35.9)

LRTI 101 21.4 (21.1–21.7)

Meningitis 86 18.2 (17.9 –18.5)

Conjunctivitis 56 11.9 (11.7 – 12.1)

SSTIs 31 6.6 (6.4 – 6.8)

Dacryocystitis 18 3.8 (3.7 – 3.9)

UTIs 12 2.5 (2.4 – 2.6)

BSI, bloodstream infection; LRTI, lower respiratory tract infections; SSTI, skin and soft tissue infections; UTI, urinary tract infection; CI, confidence interval. 

Table II. The incidence of perinatal infections among 18,348 liveborn infants in Ukraine, 2017-2019
Type of infections Number of cases Incidence rate per 1000 live births 95% CI

BSIs 168 9.2 9.0 – 9.4

LRTI 101 5.5 5.3 – 5.7

Meningitis 86 4.7 4.5 – 4.9

Conjunctivitis 56 3.1 3.0 – 3.2

SSTIs 31 1.7 1.6 – 1.8

Dacryocystitis 18 1.0 0.9 – 1.1

UTIs 12 0.7 0.6 – 0.8

BSI, bloodstream infection; LRTI, lower respiratory tract infections; SSTI, skin and soft tissue infections; UTI, urinary tract infection; CI, confidence interval. 
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Table III. Characteristics of liveborn infants with and without perinatal infections in Ukraine, 2017-2019

Characteristics   All infants
n (%)

Perinatal infections
p valueYes

n (%)
No

n (%)

All 18348 (100) 472 (2.6) 17876 (97.4)

Sex: 0.0001

Male 8672 (47.3) 265 (56.1) 8407 (47.0)

Female 9676 (52.7) 207 (43.9) 9469 (53.0)

Birth weight (g) 0.0001

<1000 218 (1.2) 164 (75.2) 54 (24.8)

1000–1499 1192 (6.5) 118 (9.9) 1074 (90.1)

1500–2000 1907 (10.4) 65 (3.4) 1842 (96.6)

2000-2500 3202 (17.5) 31 (1.0) 3171 (99.0)

>2500 11829 (64.5) 94 (0.8) 11735 (99.2)

Gestasional age: 0.0001

Premature 5226 (28.5) 334 (70.8) 4892 (27.4)

Aterm 13122 (71.5) 138 (29.2) 12984 (72.6)

Mode of delivery: 0.004

Spontaneous 6317 (34.4) 96 (20.3) 6221 (34.8)

Breech delivery 9344 (50.9) 122 (25.8) 9222 (51.6)

Manual aid 2687 (14.6) 254 (53.8) 2433 (13.6)

PROM 0.0001

Yes 3091 (16.8) 312 (66.1) 2779 (15.5)

No 15257 (83.2) 160 (33.9) 15097 (84.5)

PPROM 0.0001

Yes 2836 (15.5) 334 (70.8) 2502 (8.4)

No 15512 (84.5) 138 (29.2) 15374 (91.6)

Prolonged rupture of membranes 0.0001

Yes 4783 (26.1) 337 (71.4) 4446 (24.9)

No 13565 (73.9) 135 (28.6) 13430 (75.1)

TMAF 0.0001

Yes 1827 (10.0) 321 (68.0) 1506 (8.4)

No 16521 (90.0) 151 (32.0) 16370 (91.6)

Infection of the mother during labor 0.0001

Yes 1827 (10.0) 321 (68.0) 1506 (8.4)

No 16521 (90.0) 151 (32.0) 16370 (91.6)

Resuscitation during delivery 0.0002

Yes 2133 (11.6) 331 (70.1) 1802 (10.1)

No 16215 (88.4) 141 (29.9) 16074 (89.9)

Invasive procedure 0.0001

Yes 6187 (33.7) 376 (79.7) 5811 (32.5)

No 12161 (66.3) 96 (20.3) 12065 (67.5)

Asphyxia 0.004

Yes 2376 (12.9) 289 (61.2) 2087 (11.7)

No 15972 (87.1) 183 (38.8) 15789 (88.3)

Congenital anomaly 0.006

Yes 987 (5.4) 244 (51.7) 743 (4.2)

No 17361 (94.6) 228 (48.3) 17133 (95.8)

PROM, premature rupture of membranes; PPROM, preterm premature rupture of membranes; TMAF, turbid and meconeal amniotic fluid.
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majority of these occurred on the first day (83.9%). Of all 
late onset infections, 19.3% occurred between days 3 and 
7 of life. Almost one half of infections on day 1 occurred 
in infants over 2500 g (47.2%) and 59.8% occurred in in-
fants of 32 weeks gestation or above. The incidence rate of 
sepsis in during study period was 9.2 per 1000 live births 
(168/18,348). Early onset sepsis (≤48 h of age) incidence 
was 5.3 per 1000 live births and late onset sepsis (>48 h 
of age) was 3.9 per 1000 live births. The median age at 

infection was 4 days of life and the majority of episodes 
(71.3%) occurred in extremely premature infants (81.9% 
were <37 weeks gestation).

RISK FACTORS
The risk factors that had been analyzed in this study were 
as follow birth weight, gestasional age, mode of delivery, 
premature rupture of membranes (PROM), preterm 

Table IV. The incidence rate of perinatal infection and mortality among 18348 infants in Ukraine, 2017-2019

Type of infections Number of
infection cases

Mortality
95% CI

n (%) Incidence  
per 1000 live births

All infections 472 241 (51.1) 13.1 12.8 – 13.4

BSIs 168 148 (88.1) 8.1 7.9 – 8.3

LRTI 101 65 (64.4) 3.5 3.4 – 3.6

Meningitis 86 28 (32.6) 1.5 1.4 – 1.6

Conjunctivitis 56 0 0 0

SSTIs 31 0 0 0

Dacryocystitis 18 0 0 0

UTIs 12 0 0 0

BSI, bloodstream infection; LRTI, lower respiratory tract infections; SSTI, skin and soft tissue infections; UTI, urinary tract infection; CI, confidence interval. 

Table V. Most common pathogens (n =14987) causing perinatal infections in Ukraine, 2017-2019

Pathogens
All isolates

n %

Gram-positive cocci 5783 38.6

Streptococcus agalactiae 1983 13,2

Streptococcus pyogenes 284 1,9

Streptococcus pneumoniae 503 3,4

Enterococcus spp. 511 3,4

Staphylococcus aureus 1344 9,0

CoNS 1079 7,2

Other Gram-positive cocci 79 0,5

Gram-negative bacilli 9204 61.4

Escherichia coli 2873 19,2

Enterobacter cloacae 984 6,6

Klebsiella pneumoniae 1187 7,9

Serratia marcescens 811 5,4

Pseudomonas aeruginosa 987 6,6

Haemophilus influenzae 143 1,0

Proteus mirabilis 278 1,9

Citrobacter freundii 503 3,4

Klebsiella oxytoka 511 3,4

Acinetobacter spp. 736 4,9

Bacteroides spp. 112 0,7

Other Gram-negative bacilli 79 0,5

CoNS, Coagulase negative staphylococci
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premature rupture of membranes (PPROM), prolonged 
rupture of membranes, turbid and meconeal amniotic 
fluid, resuscitation during delivery, invasive procedure, 
asphyxia, and congenital malformation (anomaly). After 
analyzing results this study, we found that the development 
of perinatal infections is influenced by both maternal and 
neonatal risk factors. 

In this study, maternal risk factors was PROM, PPROM, 
prolonged rupture of membranes, mode of delivery (manual 
aid), foul smell of amniotic fluid, turbidity, meconeal amni-
otic fluid, and infection of the mother during labor. Potential 
neonatal risk factors that significantly cause of infections 
were prematurity, low birth weight (LBW), invasive pro-
cedure, asphyxia, resuscitation during delivery, congenital 
anomaly. But the significant risk factors were LBW and 
prematurity. The risk factors which showed significant dif-
ferences were analyzed by logistic regression analysis showed 
there were statistically significant association between the 
incidence of perinatal infections and risk factors.

PERINATAL MORTALITY
During study period of the 472 perinatal infections 
case-infants identified, 241 (51.1%) is died. The incidence 
rate of mortality among 18,348 infants included in the 
study was 13.1 per 1000 live births. Following adjustment 
for confounding factors, we found that infants with peri-
natal infections had a significantly increased mortality 
risk compared to infants without infections. The highest 
mortality risk was observed in patients with BSI, followed 
by infants with LRTI and Meningitis. No increased risk 
of death was found in patients with Conjunctivitis, SSTIs, 
Dacryocystitis, and UTI (Table IV). 

We found that as birth weight increases and gestational 
age (weeks), the neonatal mortality rate decreases. Key 
risk factors for perinatal mortality were low or high birth 
weight, prematurity and post maturity. The mortality was 
higher among male than female. Mortality rate in the sep-
sis cases were high (88.1%). In our study, Gram-negative 
organisms were the leading cause of death in neonates 
with EOS and LOS. In EOS, the only bacterial agents, 
causing mortality that were isolated from the neonates 
who died were Gram-negative bacteria, whereas in LOS, 
the most frequent organisms causing mortality isolated 
were Gram-negative bacteria followed by Gram-positive 
bacteria. Analysis of organisms isolated in deaths showed 
that among newborns with EOS, E. coli was isolated in 
18% of cases as a microorganism causing mortality, and 
Klebsiella and P. aeruginosa were isolated in 11% and 6, 7% 
of cases. Among infants with LOS, the most frequent mi-
croorganism causing mortality was P. aeruginosa in 15.1% 
of cases, followed by E. coli in 11.7% of cases.

PATHOGENS AND ANTIMICROBIAL RESISNANCE 
Our study, only 81.7% (14987/18348) cultures showed 

growth of different bacteria. Main causative agents of 
perinatal infections were Escherichia coli, Streptococcus 

agalactiae, Staphylococcus aureus,  Klebsiella pneumoniae, 
Coagulase negative staphylococci (CoNS), Enterobacter 
cloacae, Pseudomonas aeruginosa. The type and frequency 
of isolated pathogen of perinatal infections were shown in 
Table V. Gram-positive bacteria were responsible for most 
cases of neonatal sepsis. Most of the bacterial isolates had 
low sensitivity to the commonly used empiric antibiot-
ics. Best sensitivities among Gram-positive isolates were 
found against ciprofloxacin, vancomycin, and amikacin. 
Gram-positive bacteria showed high resistance to ampicil-
lin (91.5%). The intermediate effect was observed (53.5%) 
with amoxicillin-clavulanic acid. In contrast to gentami-
cin, amikacin was highly effective on Gram-positive iso-
lates. Best sensitivity was also observed to ciprofloxacin. 
Gram-negative bacteria were highly resistant to the first- 
and second-line empiric antibiotics: ampicillin (89.7%), 
amoxicillin-clavulanic acid (91.3%), gentamicin (68.9%) 
and amikacin (71.3%), and 3rd generation cephalosporins 
(79.6%). Best sensitivity was observed to imipenem and 
ciprofloxacin. 

DISCUSSION
To our knowledge, this study was thefirst attempt to assess 
the overall burden of perinatal infections in Ukraine. We 
estimate that perinatal infections are encountered with an 
average incidence of 25.7 per 1000 live births, and the prev-
alence of the 7 most frequently recorded types of infections 
was for the following: BSI, 35.6 %, LRTI, 21.4%, Meningitis, 
18.2%, Conjunctivitis, 11.9%, SSTIs, 6.6%, Dacryocystitis, 
3.8%, and UTI, 2.5%. Mortality from perinatai infections 
was 51.1%, with an incidence of 13.1 deaths/1000 live births 
(95% CI, 12.8% -13.4%). The highest mortality risk was 
observed in patients with BSI (88.1%), followed by infants 
with LRTI (64.4%) and Meningitis (32.6%). No increased 
risk of death was found in patients with Conjunctivitis, 
SSTIs, Dacryocystitis, and UTIs. The results our study 
showed that potential risk factors the development of 
perinatal infections and mortality in Ukraine are low birth 
weight, prematurity, low gestasional age, mode of delivery 
(manual aid), premature rupture of membranes,  preterm 
premature rupture of membranes, prolonged rupture of 
membranes, turbid and meconeal amniotic fluid, infection 
of the mother during labor. resuscitation during delivery, 
invasive procedure, asphyxia.

Few comparable studies of the burden of perinatal infec-
tions have been performed to date, with most conducted at 
the regional or single-center level. Although the estimates 
in these studies appear similar, the duration of follow-up, 
frequency of assessment, and clinical algorithms are dif-
ferent. In addition, most studies assessing the impact of 
perinatal infections have been primarily conducted in ICUs 
[10, 14] or have focused on a single type of infection [9, 
15-17] and/or resistance phenotype [14].

Perinatal neonatal mortality rate vary widely and may be 
below 10 per 1,000 live births for certain developed coun-
tries [18, 19] and more than 10 times higher in developing 
countries [1, 20]. According the official data, early neonatal 
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tions. Our study has two limitations. Firstly, the causative 
agents of perinatal infections are viruses, bacteria, fungi 
and parasitic agents. However, we only studied bacterial 
agents. Secondly, mother to baby transmission of infec-
tion can occur in utero (congenital), at and around the 
time of delivery (perinatal) or subsequently (postnatal) as 
illustrated by transmission of organisms by breastfeeding. 
However, we studied only bacterial infections that are 
transmitted during childbirth.

The strengths of the study lie in the a multicentre cohort 
study was based on surveillance data.It is well known that 
indicators of perinatal infections provided by surveillance 
activities require comparison with adequate reference 
data to stimulate further infection control actions and to 
enhance quality of care.

More data are clearly needed from the other regions, 
because neonatal morbidity and mortality is such an im-
portant indicator of the quality of health care for mothers 
and children, and because data are needed to inform 
possible interventions to improve outcomes for newborns 
in the Ukraine. The authors have established early-onset 
perinatal mortality and morbidity in Ukraine and defined 
the current epidemiology of neonatal infections. These data 
can be used for benchmarking among units and interna-
tional comparisons.

CONCLUSIONS
This study showing that the incidence rate of perinatal 
infections, as well as their associated impact on mortality, 
and presents a significant burden to the Ukraine. These 
findings suggest that it is time to consider systematic 
interventions to reduce neonatal infection incidence and 
mortality, including the potential of developing a global 
national surveillance networks. Routinely collected sur-
veillance data, integrated with a patient administrative 
system, are of great value as a basis for studying the 
long-term consequences of neonatal infections. Burden 
estimates obtained in this study will be valuable in future 
evaluations of the cost-effectiveness of neonatal infection 
prevention programs.
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mortality rate in Ukraine, recalculated according to WHO 
criteria, decreased by 3.1 times – from 4.71 per 1,000 live 
and dead births in 2000 to 2.99 in 2018 [21]. However, in 
our study the early neonatal mortality rates for 2019 were 
essentially unchanged from 2017 (12.96 and 13.19 per 1000 
live births, respectively). 

In our study, we found that the main causative agents of 
perinatal infections are E. coli, S. agalactiae, S. aureus,  K. 
pneumoniae, CoNS, Enterobacter spp. and P. aeruginosa, 
which is in comparable with the findings by other studies 
[22, 23]. A high prevalence of bacteria resistant to multiple 
antibiotics was reported with up to 20% of gram-negative 
rods resistant to the broad spectrum antibiotic, Imipenem 
[24, 25].

This study identified a high perinatal morbidity and 
mortality of newborns caused by bacterial pathogens in 
Ukraine. The high incidence of perinatal infections is as-
sociated with infection of newborns during the passage of 
the birth canal. Although effective and simple interventions 
for prevention and treatment of newborn infections exist, 
they do not reach the majority of neonates in Ukraine. This 
demonstrates that current recommendations for infection 
control measures during childbirth are not properly fol-
lowed. For most of the bacterial pathogens the mechanism 
that leads to perinatal morbidity and mortality is unknown. 
One of the main reasons for the high rates of perinatal in-
fection and mortality in Ukraine is the lack of knowledge 
on how to implement existing infection control measures 
at scale in resource-limited settings. This knowledge gap 
can only be filled with appropriate targeted research. 
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lance and control measures. Further research is required to 
clarify of the bacterial pathogens the mechanism that leads 
to perinatal morbidity and mortality in newborns which 
perinatal infections. To reduce the incidence of perinatal 
infections and mortality in newborns infants, it is necessary 
to determine causative pathogens, and the patterns and 
rates of antimicrobial resistance.Appropriate identification 
of the perinatal infections source  and management can 
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