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Neonatal infections remain one of the significant causes of infant mortality in the world. The change in the spectrum of
pathogens, as well as their sensitivity to the main antibacterial drugs (ABDs), is a dynamically occurring process, characterized
by a gradual increase in the proportion of the most dangerous pathogens, in particular, those belonging to the ESKAPE
pathogen group. The study of the structure of pathogens and the parameters of their antibiotic resistance is the main tool for
increasing the effectiveness of antibiotic therapy.

The aim. To analyze the structure of pathogens of nosocomial infections in patients of neonatal intensive care units (NICU)
and assess the parameters of their antibiotic resistance.

Materials and methods. A retrospective epidemiological study of data from May 1, 2022 to May 1, 2024 of the laboratory
information system LIS-Alice of the Kommunarka Center (Moscow, Russia) and medical documentation of patients with
identified growth of microorganisms (MOs) in bacteriological cultures was carried out.

Results. The total number of crops was 5179, MOs growth was noted in 39.3% (n=2036) obtained from 734 patients, of
which 87.1% were premature. Gram-positive pathogens were found in 59.6%. The top 5 identified MOs were: S. epidermidis
(n=386 — 19%), S. haemolyticus (n=264 — 13%), S. aureus (n=218 — 10.7%), K. pneumoniae (n=210 - 10.3%) and E. coli
(n=188 — 9.2%). The proportion of MOs belonging to the ESKAPE group was 28.6% (S. aureus — 10.7%; K. pneumoniae —
10.3%; Enterobacter spp. — 3.6%; P. aeruginosa — 2.3%; A. baumannii — 1.1%; E. faecium — 0.5%). Among Staphylococcus
spp. — 71.2% were resistant to oxacillin, 53.9% — to gentamicin. At the same time, 100% sensitivity to any of the tested ABDs
was not detected. The highest rates of resistance to oxacillin were observed in S. epidermidis (93.8%) and S. haemolyticus
(86.7%). Also, 17% of S. aureus strains were resistant to oxacillin. Among K. pneumonia 48.8% were resistant to ceftazidime
and 100% to ampicillin; E. coli 28.2% of strains were resistant to ceftazidime, 64.9% to ampicillin, 28.2% to sulfamethoxazole
trimethoprim.

Conclusion. We found a high frequency of pathogen isolation (with a predominance of gram-positive pathogens) in
newborns hospitalized in the ICU (mean gestational age <35 weeks). The results demonstrate alarming trends in relation to
MOs resistance parameters and indicate the need for dynamic monitoring of the sensitivity of pathogens to the main ABDs
used in the ICU.

Keywords: pathogens of neonatal infection; antibiotic resistance; neonatal sepsis; ESKAPE group; Staphylococcus spp.,
Klebsiella spp., Escherichia coli

Abbreviations: ABDs — antibacterial drugs; BAL — bronchoalveolar lavage; CI — confidence interval; CoNS — coagulase-
negative staphylococci; LIS — laboratory information system; MOs — microorganisms; NS — neonatal sepsis; ICU — intensive
care unit; OR — odds ratio; EDA — endotracheal aspirate; MALDI-TOF - matrix-assisted laser desorption / ionization.
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HeoHaTanbHble WHPEKLMM OCTAOTCA OAHOW M3 3HAYMMbIX NPUYMH MIALEHYECKOM CMEepTHOCTM B mupe. M3meHeHue
CneKTpa BO3byauUTenel, a TaKKe MX YyBCTBUTE/IbHOCTU K OCHOBHbIM aHTMGaKTepuanbHbiM npenapatam (ABIM) asnsetca
AVHAMMYECKM NPOTEKAOLLMM NPOLECCOM, XapaKTEPU3YIOLLMMCSA NOCTENEHHBIM POCTOM YAE/bHOIO Beca Hanbonee onacHbIX
BO3byauTENeN, B YaCTHOCTM, OTHOCALLMXCA K rpynne ESKAPE-naTtoreHoB. M3y4eHne cTpyKTypbl NaTOreHOB U MapaMeTpoB MX
AHTUBNOTUKOPE3UCTEHTHOCTU ABAETCA OCHOBHbBIM MHCTPYMEHTOM NOBbIEHWUA 3PGEKTUBHOCTU aHTMOMOTUKOTEPANUN.
Lienb. MpoaHannsMpoBaTb CTPYKTYpYy BO3byauTenein HO30KOMMaNbHbIX MHOEKUUIA NALMEHTOB OTAENEHUA peaHnmaLmn U
MUHTEHCMBHOM Tepanun (OPUT) HOBOPOXKAEHHBIX U OLEHKA NapaMeTpoB UX aHTMOUOTUKOPE3UCTEHTHOCTM.

Martepuanbl u metogbl. [IpoBeaeHO PETPOCNEKTUBHOE 3NUMAEMNONOTUYECKOE UCCNe0BaHNe AaHHbIX 3a nepuog ¢ 1 man
2022 no 1 mas 2024 rr. nabopatopHoit MHPOpPMaLMoHHOW cuctembl JINC-Annca TBY3 «MMKL, «KommyHapka» O3M wu
MeAMULMHCKON AOKYMEHTALLMMU NALLMEHTOB C BbISIBEHHbIM POCTOM MUKPOOPraHn3mos (MO) B 6aKTEPUONOrMYECKUX NOCEBAX.
Pe3synbratbl. Ob6liee 4Mcno noceBoB cocTaBuno 5179. Poct MO otmedeH B 39,3% (n=2036) — 6blAn NOyYeHbl OT
734 nauueHToB, M3 HUX 87,1% — HepoHOLWeEHHbIe). MpamnonoxkuTtenbHaa MuKkpodaopa obHapyxkeHa B 59,6%. Ton-5
naeHtTnduumMpoBaHHbix MO coctasunu: S. epidermidis (n=386 — 19%), S. haemolyticus (=264 — 13%), S. aureus (n=218 —
10,7%), K. pneumoniae (n=210 — 10,3%) u E.coli (n=188 — 9,2%). lona MO, oTHocAwwmxca K rpynne ESKAPE, coctasuna
28,6% (S. aureus — 10,7%; K. pneumoniae — 10,3%; Enterobacter spp. — 3,6%; P. aeruginosa — 2,3%; A. baumannii —
1,1%; E. faecium — 0,5%). Cpeaum Staphylococcus spp. — 71,2% 6b1nn pe3nUCTEHTbI K OKCAUMANNHY, 53,9% — K reHTaMULMHY.
Mpu 3Tom 100% YyBCTBUTENBHOCTU HU K OAHOMY M3 MPOTECTUPOBaHHbIX ABI BbIABAEHO He 6bl10. MaKCHMaNbHO BbICOKUE
NoKasaTeIn Pe3UCTEHTHOCTU K OKCAUUAANHY umenu S. epidermidis (93,8%) n S. haemolyticus (86,7%). Takxe 17% LiTammoB
S. aureus 6bInN PE3UCTEHTHBI K OKcauunauHy. Cpean K. pneumonia 48,8% 6binn pe3ncTeHTHbI K LedTasugumy n 100% —
K amnuumnnuuy; E. coli 28,2% wTammoB 6bliv pe3ncTeHTHbl K uedTtasmammy, 64,9% — K amnuumnavHy, 28,2% — K
cynbbameToKcasony / Tpumetonpumy.

3aknloueHue. YCTaHOB/IEHA BbICOKAs 4acToTa BblAe/leHWA NaToreHoB (c npeobnagaHWem TPamMoNOKUTENBHOM
MUKPOGDNIOPbI) Y HOBOPOMKAEHHbIX, FOCMMTAaNM3NPOBaHHbIX B OPUT (cpegHWi rectauMoHHbIM Bo3pacT <35 Hepd,.).
Pe3ynbTaTbl AEMOHCTPUPYIOT TPEBOXKHbIE TEHAEHLMM B OTHOLIEHMU NAapaMeTpPoB pe3ncTeHTHOCTM MO 1 CBUAETENbCTBYIOT
0 HeO0BXOAMMOCTM AMHAMUYECKOTO MOHUTOPUHTA YyBCTBUTENIbHOCTY BO3byaMTeNel K OCHOBHbIM ABIT, npuMeHsoLWMMCA B
OPUT.

KnioueBble cnoBa: B0o36yautenu MHOEKLUM HOBOPOMKAEHHbIX; aHTMOMOTUKOPE3UCTEHTHOCTb; HEOHATaNbHbIN CEMNCUC;
rpynna ESKAPE; cTadUI0KOKKHM; KNeBCUENbl; KULWeYHas nasao4vKka

CnucoK cokpaleHuin: ABMN — aHTMbGakTepuanbHble npenapatbl; BAJl — 6poHxoanbBeonApHbIM nasax; AU —
[0BepuTeNbHbIN MHTEepBas; KHC — KoarynasoHeraTuBHble cTaduaoKoKKuM; JINC — nabopaTtopHO-MHPOPMaLMOHHAA CUCTEMA;
MO — mwukpoopraHusmbl; HC — HeoHaTanbHbIM cencuc; OPUT — oTaeneHne peaHMMAUMM U UHTEHCUBHOM Tepanuu;
Ol — oTHoweHwue waHcos; SATA — sHAoTpaxeanbHblt acnupat; MALDI-TOF — maTpuyHO-aKTMBMPOBAHHAA /la3epHasn
aecopbums / noHmsaums.

INTRODUCTION infections have a significant negative prognosis both in

Neonates are a special category of patients
whose physiological characteristics and pathological
processes determine high risks of infection with various
pathogens, primarily bacterial ones. In turn, neonatal
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the short term (prolonged hospitalization, development
of sepsis, death) [1-4] and in the long term perspective.
Published data reveal a high risk of damage to the
central nervous system in newborns with severe
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infections in the first days after birth, which leads to
disruptions in further development [5]. Studies have
demonstrated a decrease in cognitive and motor
functions, as well as hearing in children who have
suffered neonatal infections [6]. It was established that
neonatal sepsis (NS) is a risk factor for the development
of severe functional disabling disorders in children aged
24 months (odds ratio, OR=3.68, 95% confidence
interval, Cl: from 1.2 to 11.2, p=0.021) [7]. NS
occurs significantly more often in the presence of
infection in the mother, during invasive procedures,
and premature rupture of membranes [8-10]. The
newborn characteristics as primarily gestational age
and weight deserve special attention. A meta-analysis
of 15 studies determined that OR for the development
of NS at a gestational age of less than 37 weeks is
2.05 (95% ClI: from 1.40 to 2.99), and with premature
rupture of membranes — 11.14 (95% Cl: from 5.54
to 22.38) [11]. Another meta-analysis identified a
significant links between the development of NS and
low birth weight (OR=1.42 (95% CI: from 1.07 to 1.88))
[12]. In a retrospective analysis of medical records of
newborns, low birth weight and low gestational age
were identified as independent risk factors for severe
nosocomial infections [13].

In terms of assessing the role of pathogens, it is
necessary to note the role of colonization of pregnant
women with various microorganisms (MOs). Thus,
in the work of Olenev et al. (2022), the widespread
colonization of group B streptococcus and its
significant negative consequences for newborns were
demonstrated [14]. Published data established a
link between infection with certain pathogens and
an increased risk of developing NS [15]. Bacterial
pathogens associated with early NS include primarily
group B streptococci, Escherichia coli, Listeria
monocytogenes, Klebsiella spp., Pseudomonas spp. and
Haemophilus influenzae [15-17]. An association with
the development of late NS has been demonstrated
for coagulase-negative staphylococci (CNS),
Staphylococcus aureus, the above-mentioned gram-
negative pathogens, and Enterobacter spp [15, 18].

Microbiological monitoring of newborns at risk
for infection (preterm low birth weight infants) is
an important tool for reducing infant mortality [19].
Published data indicate that approximately 67,000
newborns die worldwide every day, with neonatal
infections playing a significant role [20]. According to
data collected within the framework of the CHAMPS
— a global program for monitoring the health of
children in regions with the highest infant mortality? —

* Child Health and Mortality Prevention Surveillance. — [91eKTpoHHbI#
pecypc]. — Pexxum poctyna: https://champshealth.org/
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the most common cause of death in newborns were
infections (40%). The second place was determined for
prematurity (32%) and the third for respiratory distress
syndrome (28%) [21]. Timely detected pathogens and
the study of their antibiotic resistance parameters
are an important condition for the effectiveness of
antibiotic therapy and, accordingly, a positive clinical
outcome.

THE AIM. To analyze the structure of pathogens of
nosocomial infections in patients of neonatal intensive
care units and to assess the parameters of their
antibiotic resistance.

MATERIALS AND METHODS

Study design

A retrospective epidemiological study was
conducted using data from the LIS-Alice laboratory
information system (search keywords: “NICU-1",
“NICU-2"; total number of identified cultures — 5179)
of the State Budgetary Healthcare Institution “MMCC
“Kommunarka” of the Moscow Health Department, as
well as medical documentation of patients who had a
detected growth of MOs in bacteriological cultures
(n=734). The study period was from May 1, 2022
to May 1, 2024.

NICU-1 is a neonatal intensive care unit of the first
stage of nursing. Admission criteria: newborns with
very low (<2.5 kg) and extremely low body weight
(<1 kg), low gestational age, in critical condition in
the neonatal period, especially with acute respiratory
failure.

NICU-2 is a neonatal intensive care unit of the
second stage of nursing. Admission criteria: patients
after stabilization of their condition in NICU-1 (requiring
a stay in the ICU for more than 7 days), admitted for
further nursing, as well as patients transferred from the
neonatal pathology unit due to deterioration of their
condition (development of respiratory failure, heart
failure requiring vasopressor support, condition after
surgery).

Research methodology

LIS-Alice (locus of material collection, presence of
growth, pathogen, data on its sensitivity / resistance to
ABP) was used as a source of data on patient cultures and
identified parameters of antibiotic resistance. Patient
medical histories (gender, age, body weight, Apgar
score at birth) were used as a source of demographic,
anthropometric and clinical data. The collecting of
samples was carried out by physicians as part of
standard patient management (upon admission to the

Volume XlI, Issue 6, 2024
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NICU for the purpose of microbiological monitoring,
as well as in case of signs of infection). For the
identification of MOs, the MALDI-TOF mass
spectrometry  (matrix-assisted laser  desorption/
ionization) method was used in the microbiology
laboratory. Sensitivity to antibacterial drugs was
determined by the automated disk diffusion method.

Ethics approval

The study approval from Local Ethics Committees
of the Medical Institute of the Peoples’ Friendship
University of, extract from Protocol No. 24 dated
January 18, 2024; Moscow Multidisciplinary Clinical
Center “Kommunarka, extract from Protocol No. 2 dated
13.02.2024).

Statistical processing

Statistical data processing was performed using
Microsoft Excel 2019 software. Descriptive statistics
were used for all analyzed indicators (mean and standard
deviation (SD), minimum (min) and maximum values
(max), median (Me), interquartile range (IQR) were
determined). Qualitative variables were described using
absolute (n) and relative (%) values.

RESULTS

The total number of cultures identified during the
study period (two years) was 5179. Of these, microbial
growth was observed in 39.3% (n=2036). One MO was
detected in 74.3% of cultures (n=545); 2 or more MOs —
in 25.7% (n=189).

The total number of patients from whom cultures
with growth were obtained was 734. Of these, 87.1%
were premature infants (n=639). The average Apgar
score at 1 minute was 4.942.2 (min=1, max=8, Me=5,
IQR=1.9); at 5 min 6.0+1.6 (min=3, max=9, Me=6).
Female gender was in 66.6% (n=489), male in 33.4%
(n=245).

The mean gestational age of the total population
of neonates according to medical records was
34.624.8 weeks (min=20.4 weeks, max=54.3 weeks,
Me=35.1 weeks, IQR=8.8). The mean birth weight was
2970.7+1271.9 g (min=360, max=4125, Me=3705,
IQR=1746.5). Extremely low birth weight (<1000 g) was
observed in 14.2% (n=104), very low (1000-1499 g) —in
26.7% (n=196), low (1500-2499 g) — in 21.1% (n=155),
normal (>2500 g) — in 38% (n=279).

Patient characteristics depending on hospitalization
in NICU-1 and NICU-2 are presented in Table 1.

The mean duration of hospitalization at the time
of detection of MO was 12.6+£12.4 (min=0, max=97.3,
Me=6, IQR=17.1) days.

Tom 12, Beinyck 6, 2024

In the overall structure of cultures (both with and
without growth), the analysis of the loci of biomaterial
collection revealed the dominance of samples from the
pharynx (n=2669, 51.5%, of which growth-positive were
1434, 53.7%). Next came blood (n=1431, 27.6%, of which
growth-positive were 170, 11.8%) and endotracheal
aspirate (n=451, 8.7%, of which growth-positive were
180, 39.9%). Among the cultures with detected growth,
the pharyngeal swab was leader (n=1334, 65.5%),
the second place was determined for the rectal swab
(n=212, 10.4%), and the third for the endotracheal
aspirate swab (n=181, 8.9%). The contribution of each
locus to the total structure of cultures is presented
in Table 2.

The next stage of the analysis was devoted to
assessing the proportion of gram-positive and gram-
negative MOs in the overall structure. Gram-positive
microflora was detected in 59.6% (n=1213), gram-
negative — in 40.4% (n=823). The proportion of detected
gram-positive and gram-negative MOs depending
on the locus of biomaterial collection is presented
in Figure 1.

We found a predominance of gram-positive MOs in
the blood (n=143, 89.4%) and pharyngeal swab (n=821,
61.5%), while gram-negative microorganisms dominated
in endotracheal aspirate (EDTA; n=105, 58.0%) and
rectal swab (n=118, 55.7%)

In the overall structure of MOs, the absolute
predominance was detected for Staphylococcus spp.
(46.2%), and second were isolates of Klebsiella spp.
(15.32%). The main groups of microorganisms identified
as a result of the analysis are presented in Figure 2.

Studying the spectrum of MOs isolated from
various loci, it was found that for pharyngeal swabs
and blood samples, the first place among all pathogens
was occupied by strains of S. epidermidis, while in the
rectal swab and EDTA the leader was K. pneumoniae. It
is noteworthy that in EDTA the second place in terms of
detection frequency belonged to a rather rare pathogen,
Stenotrophomonas maltophilia, while the first place
was shared by K. pneumoniae and S. epidermidis
(13.8% for each), a detailed picture is presented
in Figure 3.

The analysis of the isolated pathogens revealed a
large proportion of representatives of the ESKAPE group
(Enterococcus faecium, Staphylococcus aureus, Klebsiella
pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa and Enterobacter spp.). The proportion of
cultures with ESKAPE pathogens was 28.6% (n=582). The
structure of the ESKAPE MOs identified in our study is
presented in Figure 4.

Determination of the frequency of occurrence
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of each pathogen in the overall structure of cultures
allowed us to determine the top five pathogens
identified in neonates in the NICU. They included
S. epidermidis (n=386; 19%), S. haemolyticus
(n=264; 13%), S. aureus (n=218; 10.7%), K. pneumoniae
(n=210; 10.3%) and E. coli (n=188; 9.2%).

The detailed structure of pathogens identified
in samples from different loci is presented below.
Staphylococci were the leading pathogens in pharyngeal
swabs (48.9%). Information on the proportion of other
pathogens identified from this locus is presented in
Table 3.

In the rectal swabs, gram-negative microflora
dominated. However, assessing the contribution of
each MO, we registered that the first place belonged
to staphylococci (31.6%), and Klebsiella spp. occupied
the second place (29.2%). The overall structure of
pathogens detected in rectal swabs is presented
in Table 4.

In the general structure of pathogens detected in
EDTA swabs, Staphylococcus spp. (26.0%) and Klebsiella
spp. (20.4%) also led. The general structure of pathogens
detected in EDTA is presented in Table 5.

The blood samples showed a predominance of
gram-positive MOs, with the proportion of staphylococci
in the overall structure being 73.8%. Detailed data on
the structure of pathogens detected in the blood are
presented in Table 6.

The next stage of our work was devoted to assessing
the sensitivity of the identified MOs to ABDs. Since
the main gram-positive MOs were staphylococci,
enterococci, streptococci and corynebacteria,
below we present the results of a combined
analysis of sensitivity to ABDs for these groups of
pathogens (Table 7). The most significant results included
the detection of staphylococcal resistance: 71.2% of all
strains were resistant to oxacillin and more than half of
the strains were resistant to gentamicin (53.9%).

The results of the analysis of the sensitivity of
the main gram-negative pathogens to different ABDs
are presented in Table 8. They demonstrated a higher
conditional average level of antibiotic resistance
compared to gram-positive pathogens. 88.9% of
Klebsiella spp. strains were resistant to ampicillin, more
than a third — to the third-generation cephalosporin
ceftazidime (34.7%). Mentioned ABDs are also of
interest in terms of E. coli resistance: 64.9% of strains
were resistant to the first, 28.2% to the second. For
Acinetobacter spp. and Enterobacter spp., we did not
find significant changes in sensitivity to ABDs. For
P. aeruginosa, the analysis established trends towards
increasing resistance to all tested ABDs.

382

The top MOs in the structure were S. epidermidis
and S. haemoliticus. The study of their ABDs sensitivity
revealed a significant proportion of oxacillin-resistant
strains (93.8 and 86.7%, respectively) and gentamicin-
resistant strains (70.2 and 80.2%, respectively), detailed
data are presented in Table 9.

Among the identified pathogens, almost a
third belonged to the ESKAPE group. These MOs
usually cause severe infectious processes, and their
presence is usually accompanied by a high level of
antibiotic resistance. In this regard, we conducted
a separate analysis of the sensitivity parameters of
E. faecium, S. aureus, K. pneumoniae, A. baumannii,
P. aeruginosa and Enterobacter spp.; the results are
presented in Table 10 (for gram-positives) and Table 11
(for gram-negatives).

Considering that the pathogens to the ESKAPE
group were determined in different loci, which implies
different localization of the infectious process and may
also indicate the degree of its generalization, we then
conducted a comparative analysis of the antibiotic
resistance of individual MOs of this group depending
on the source of biomaterial collection (A. baumannii
was not included in the analysis, since no significant
changes in sensitivity in the overall structure were
found for it). The results revealed the highest resistance
rates of gram-positive MOs in endotracheal aspirate
samples. K. pneumoniae strains showed a fairly high
resistance to ceftazidime in all samples, and 100%
resistance to ampicillin. The most resistant P. aeruginosa
strains were isolated primarily from samples obtained
from rectal swabs. Detailed information is presented
in Figures 5-8.

DISCUSSION

Our results revealed that population of patients
hospitalized in the NICU was represented mainly by
premature neonates (87.1%) with low birth weight (birth
weight < 2499 g was detected in 62%). Accordingly,
most patients were at risk of infection with bacterial
pathogens. In general, published data indicate a fairly
high incidence of nosocomial infections in premature
infants (gestational age<32 weeks, birth weight
<1500 g): from 5.6% to 34.4% during the first
120 days of life [22]. The localization and type of
infections are variable, but the most common in the
global practice of neonatal care are bloodstream
infections (frequency from 5.6 per 1000 days of
central venous catheter use to 7.3 per 1000 days of
umbilical catheter use) [23], and ventilator-associated
pneumonia (frequency 7.8 per 1000 days of artificial
ventilation use) [24].

Volume XlI, Issue 6, 2024
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Table 1 — Characteristics of patient with growth-positive cultures
Parameter NICU-1 NICU-2
(n=311) (n=423)
Age at the time of hospitalization, weeks
M +SD 33.8+4.5* 36.7+5.1**
min 20.4 27.0
max 41.6 54.3
Me (IQR) 35.0(9.3) 35.5(7.9)
Body weight at the time of hospitalization, g
M+SD 2185.2+1022.8 2269.0+926.8
min 360.0 661.0
max 3940.0 4125.0
Me (IQR) 2074.5 (1943.5) 2117.5 (1982.5)
Note: * gestational age; ** postconceptual age. NICU — neonatal intensive care unit.
Table 2 — Contribution of each locus to the structure of cultures
CuIture-negaFive * Culture-positive
Locus culture-positive
n (total 5179) % n (total 2036) %
Pharynx 2669 51.5 1334 65.5
Rectum 362 7.0 212 10.4
Endotracheal aspirate 451 8.8 181 8.9
Blood 1431 27.6 160 7.9
Urine 137 2.6 97 4.8
Vascular catheter 94 1.8 24 1.2
Skin 25 0.5 20 1.0
Other (CSF, BAL, gastric contents, 10 0.2 3 04

conjunctival secretions)

Note: BAL — bronchoalveolar lavage.

I Gram-positive MOs

other NI
05 I Gram-negative MOs
Vaskular catheter I
06
piood I ©¢
Rectal swab [[EHNINEENN
Pharyngeal swa |
0 10 20 30 40 50 60 70

The propotion of MOs in the overall structure, %
Figure 1 — The proportion of detected gram-positive and gram-negative Mos depending on the locus

of biomaterial collection.
Note: EDTA — endotracheal aspirate; MOs — microorganisms.
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Figure 2 — The main groups of MOs identified in the analysis of neonatal cultures in the neonatal intensive

Table 3 — Structure of pathogens identified

in throat swabs

care units.

Note: MOs — microorganisms.

Table 4 — Overall structure of pathogens detected
in rectal swabs

n 0 n

Pharyngeal swab (total 1334) % Rectal swab (total 212) %
Gram-positive MOs 821 61.5 it

Staphylococcus spp.: 652 48.9 Gram-positive MOs 4 44.3
o S. epidermidis 250 18.7 Staphylococcus spp.: 67 31.6
e S. haemoliticus 205 15.4 o S. epidermidis 24 11.3
* S. aureus 162 12.1 e S. qureus 22 10.4
e S. hominis 26 1.9 —

e S. lugdunensis 3 0.6 e S. haemoliticus 20 9.4
e S. capitis 1 0.1 e S. warneri 1 0.5
Enlt;_erfococc,ys Spp.: 3(7)2 ;g Enterococcus spp.: 27 12.7
o E. faecalis . -

« E faecium 5 04 o E faec?hs 19 9.0
Streptococcus spp.: 54 4.0 e E. faecium 8 3.8
e _S. agalactiae 49 3.7 Gram-negative MOs 118 55.7
e S. anginosus 8 0.6 Klebsiell . 2 29.2
Corynebacterium spp. 10 0.7 eosiera spp... 6 S
Listeria monocytogenes 3 0.2 * K. Pneumoniae 44 20.8
Gram-negative MOs 513 38.5 e K. Oxytoca 11 5.2
Klebsiella Spp..: 189 14.2 e K. Aerogenes 7 3.3
e K.pneumoniae 128 9.6 P ] 17 30
® K. oxytoca 42 3.1 : aer.ugmosa :

o K. variicola 1 0.1 E. coli 12 5.7
* K. gerogenes 18 13 Acinetobacter spp.: 4 1.9
E. coli 167 12.5 | .

Enterobacter spp. 49 3.7 * A. Iwoffii 0.5
Acinetabacter spp.: 33 2.5 e A. baumannii 1 05
e A. baumannii 18 1.3

e A. albensis 1 0.1 Enterobacter spp. 14 6.6
o A. pittii 6 0.4 Stenotrophomonas maltophilia 4 1.9
Stenotrophomonas maltophilia 24 1.8 Serratia spp. 3 1.4
P. aeruginosa 20 1.5 p >

Citrobacter spp. 20 1.5 roteus spp. 0.9
H. influenzae 7 0.5 Note: MOs — microorganisms.

P_mirabilis 3 0.2

Morganella morganii 1 0,1

Note: MOs — microorganisms.
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Table 5 — General structure of pathogens detected in Table 6 — Overall structure of pathogens detected
endotracheal aspirate in the blood samples
EDTA n % Blood n %
(total 181) (total 160)
Gram-positive MOs 76 42.0 Gram-positive MOs 143 89.4
Staphylococcus spp.: 47 26.0 Staphylococcus spp.: 118 73.8
* S. epidermidis 25 13.8 e S. epidermidis 71 44.4
. g ZZ::Z e ;4 Z:Z e S. haemoliticus 31 19.4
Streptococcus spp.: 14 7.7 * 5. aureus 15 24
e S. agalactiae 10 5.5 * S. capitis 1 0.6
e S. anginosus 1 0.6 Streptococcus spp.: 14 8.8
e S. gordonii 1 0.6 e S. agalactiae 9 5.6
e S. salivarius 1 0.6 e S. anginosus 1 0.6
o S. lutetiensis 1 0.6 o S. gordonii 1 0.6
Enterococcys spp.: 8 4.4 e S. salivarius 1 0.6
: E {Z:ZZ’; Z 32 o S. lutetiensis 1 0.6
Corynebacterium spp. 4 2.2 * S. pneumoniae 1 0.6
Listeria monocytogenes 3 1.7 Corynebacterium spp. 4 2.5
Gram-negative MOs 105 58.0 Enterococcus spp.: 4 2.5
Klebsiella spp.: 37 20.4 e E. faecalis 4 2.5
e K. pneumoniae 25 13.8 e E. faecium 0 0.0
e K. aerogenes 10 5.5 o
« K oxytoca - 39 Listeria mon_ocytogenes 3 1.9
Stenotrophomonas maltophilia 18 9.9 Gram-negative MOs 17 10.6
P. geruginosa 14 7.7 Klebsiella spp.: 8 5.0
Enterobacter spp.: 10 5.5 * K. pneumoniae 8 5.0
E. coli 8 4.4 P. aeruginosa 2 1.3
Serratia spp. 6 3.3 Enterobacter spp.: 2 1.3
Acinetobacter spp. 5 2.8 E. coli 1 0.6
e A. baumannii 3 1.7 H. influenzae 1 0.6
Ei :r\oz L(Iz,::llier sop. ; 1§ Acinetobacter spp.: 1 0.6
H. influenzae 1 0.6 * A. baumannii 1 06
Ralstonia pickettii 1 0.6 * A. junii 0 0.6
Proteus mirabilis 1 0.6 * A. Iwoffii 1 0.6
Delftia acidovorans 1 0.6 e Citrobacter spp. 1 0.6
Note: EDTA — endotracheal aspirate; MOs — microorganisms. Note: MOs — microorganisms.

Table 7 — Parameters of antibacterial drugs sensitivity of the main gram-positive microorganisms

Proportion (%) Staphylococcus spp.  Enterococcus spp.  Streptococcus spp. Corynebacterium spp.

ABD R/S, MOs (n=894) (n=141) (n=86) (n=18)
. R 71.2 NA 0 NA
Oxacillin
S 28.9 NA 100 NA
. . R 0.9 0 0 NA
Tigecycline
S 99.1 100 100 NA
. R 1.8 0 0 0
Vancomycin
S 98.2 100 100 100
X X R 0.8 0 0 0
Linezolid
S 99.2 100 100 100
. R 53.9 NA NA NA
Gentamicin
S 46.1 NA NA NA
L R NA 7.1 0 NA
Ampicillin
S NA 92.9 100 NA

Note: ABDs — antibacterial drugs; MOs — microorganisms; NA — not applicable; R — resistant; S — sensitive.
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Table 8 — Parameters of antibacterial drugs sensitivity of the main gram-negative microorganisms

ABDs Proportion (%) Klebsiella spp. E. coli Acinetobacter spp.  Enterobacter spp.  P. aeruginosa
R/1/S, MOs (n=296) (n=188) (n=57) (n=75) (n=54)
L R 5.1 4.8 0 2.7 19.5
Amikacin
S 95.9 95.2 100 97.3 80.5
R 7.6 3.2 10.5 2.7 30.5
Cefepime | 11.1 0.5 0 1.3 82.0
S 81.3 96.3 89.5 96 14.8
R 6.2 0 3.5 0 20.1
Meropenem
S 93.8 100 96.5 100 53.2
R 34.7 28.2 NA 16 30.5
Ceftazidime | 12.6 5.3 NA 1.3 65.8
S 52.7 66.5 NA 82.7 3.7
n R 14.3 4.8 5,3 4 NA
Gentamicin
S 85.7 95.2 94,7 96 NA
. R 88.9 64.9 NA 100 NA
Ampicillin
S 11.1 35.1 NA 0 NA
Sulfamethoxazole R 3.7 28.2 7.0 0 NA
trimethoprim S 96.3 71.8 93.0 100 NA
Note: ABDs — antibacterial drugs; MOs — microorganisms; NA — not applicable; R — resistant; | — intermediate; S — sensitive.

Table 9 — Parameters of antibacterial drugs sensitivity of S. epidermidis and S. haemoliticus

S. epidermidis

S. haemoliticus

ABDs Proportion (%) R/S, MOs (n=386) (n=264)
Oxacillin R 93.8 86.7
S 6.2 13.3
Tigecycline R 0.8 0.8
S 99.2 99.2
Vancomycin R 0 1.5
S 100 98.5
Linezolid R 0 3.4
S 100 96.6
Gentamicin R 70.2 80.2
S 29.8 19.8

Note: ABDs — antibacterial drugs; MOs — microorganisms; R — resistant; S — sensitive.

Table 10 — Parameters of antibacterial drugs sensitivity of gram-positive microorganisms of the ESKAPE group

. S. aureus E. faecium
0,
ABDs Proportion (%) R/S, MOs (n=218) (n=10)
. R 17.1 NA
Oxacillin
S 82.9 NA
. . R 0 0
Tigecycline
S 100.0 100
. R 4.5 0
Vancomycin
S 95.5 100
R 4.2 0
Linezolid
S 95.8 100
. R 9.2 NA
Gentamicin
S 90.8 NA
I R NA 72.2
Ampicillin
S NA 27.8

Note: ABDs — antibacterial drugs; MOs — microorganisms; NA — not applicable; R — resistant; S — sensitive.
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Table 11 — Parameters of antibacterial drugs sensitivity of gram-negative microorganisms of the ESKAPE group

. K. pneumoniae A. baumanni Enterobacter spp.  P. aeruginosa
[V
ABDs Proportion (%) R/I/S, MOs (n=210) (n=23) (n=75) (n=54)
L R 2.0 0.0 2.7 19.5
Amikacin
S 98.0 100.0 97.3 80.5
R 7.6 17.0 2.7 22.4
Cefepime | 0.0 0 1.3 64.1
S 92.4 83.1 96 13.5
R 0.6 0.0 0 20.1
Meropenem
S 99.4 100.0 100 53.2
R 48.8 NA 16 30.5
Ceftazidime | 7.0 NA 1.3 65.8
S 44.2 NA 82.7 3.7
. R 6.9 0.0 4 NA
Gentamicin
S 93.1 100.0 96 NA
. R 100.0 NA 100 NA
Ampicillin
S 0.0 NA 0 NA
Sulfamethoxazole R 3.7 6.2 0 NA
trimethoprim S 96.3 93.8 100 NA
Note: ABDs — antibacterial drugs; MOs — microorganisms; NA — not applicable; R — resistant; | — intermediate; S — sensitive.
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Figure 3 — Leading microorganisms identified in the main loci of biomaterials collection.
Note: MOs — microorganisms.
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Figure 4 — The structure of ESKAPE group pathogens.
Note: The data is presented as absolute values.
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Figure 5 — Oxacillin-resistance in S. aureus depending

on the locus of biomaterial collection.
Note: EDTA — endotracheal aspirate; MO — microorganism.

Ampicillin-resistance in K. pneumoniae
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Figure 7 — Ampicillin-resistance in K. pneumoniae

depending on the locus of biomaterial collection.
Note: EDTA — endotracheal aspirate; MO — microorganism.
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Figure 6 — Ampicillin-resistance in E. faecium

depending on the locus of biomaterial collection.
Note: EDTA — endotracheal aspirate; MO — microorganism.

Ceftazidime-resistance in Kl.pneumoniae

B Pharyngeal swab B Rectal swab B Blood H EDTA

The proportion of resistant MO, %

Locus of biomaterial collection

Figure 8. Ceftazidime-resistance in K. pneumoniae

depending on the locus of biomaterial collection.
Note: EDTA — endotracheal aspirate; MO — microorganism.
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The localization and nature of the infectious study determined the overall high level of resistance

process depend on the locus of MO identification. Our
study found a predominant growth of MO in samples
from non-sterile loci (pharyngeal swab, rectal swab).
More attention should be paid to the fact that growth
was also recorded in loci that are normally sterile: in
EDTA and blood, the latter indicating the development
of bacteremia and possible sepsis. According to an
analysis of 451,443 newborns in the United States,
the frequency of nosocomial bacteremia was 2%,
unadjusted incidence rate was 1.1 per 1000 patient-days
(95% Cl: 1.0 to 1.2), and a significantly higher incidence
for neonates weighing less than 750 g was demonstrated
(14.2 per 1000 patient-days (95% Cl: 12.6 to 16.1) [25].
In  the structure of the identified MOs,
representatives of gram-positive microflora were in
the lead — 59.6% (n=1213). In general, this is consistent
with the results of previously published studies.
According to a retrospective epidemiological study
lasting 11 years (Sweden, 2006-2016), gram-positive
MOs were identified four times more often in
newborns with bloodstream infections compared to
gram-negative MOs; the most common pathogens
were represented by CNS (53.8%) [26]. In a prospective
cross-sectional study that included newborns with
NS, gram-positive MOs were identified in 53.4% [27].
According to a retrospective analysis of the spectrum
of pathogens identified in newborns with NS (China),
the majority also belonged to gram-positives, while
in the overall structure the authors determined the
leadership of CNS (41%) [28]. Similar results were
obtained in a literature review (30 sources in the final
analysis): CNS as NS pathogens were identified in
40.23% [29]. The results of a study of NS pathogens,
which included a 20-year period (South Korea), are
indicative. They established an absolute predominance
of gram-positive MOs (75.3%), among which the
main contribution was also made by CNS [30]. The
top 5 pathogens identified in our study included
S. epidermidis (n=386, 19.0%), S. haemolyticus
(n=263;12.9%), S. aureus (n=218; 10.7%), K. pneumoniae
(n=210; 10.3%) and E. coli (n=188; 9.2%). S. epidermidis,
a representative of the CNS, is characterized by a
high frequency of detection in newborns in general
(being a commensal, it colonizes the skin, respiratory
tract, intestines), and is also one of the main causes
of late NS in premature infants [31]. Its dominance
in our study may be associated with both its role in
the development of infections (in most cases) and
asymptomatic carriage, which is also a negative
prognostic factor [32]. The level of resistance of
S. epidermidis to oxacillin that we identified was 93.8%.
The high frequency of detection of this pathogen in our

Tom 12, Beinyck 6, 2024

of staphylococci to oxacillin. A retrospective analysis
of data from newborns with sepsis in Sweden (period
2006-2016) indicates a high level of resistance of S.
epidermidis to isoxazolylpenicillins — 91.7% [26].
According to a retrospective descriptive study of
medical records of newborns admitted to the NICU
(Brazil, 2015-2022, n=1610), infections caused by
oxacillin-resistant staphylococci occurred in 12%, of
which S. epidermidis was responsible for 60.1% [33].
Infections caused by oxacillin-resistant staphylococci,
according to Ferreira et al (2024), are associated
with prolonged hospitalization (from 10 to 46 days)
and increased mortality (from 10.2% to 19.2%).
The mean time from infection to death was 15 days
(IQR: 8-40) [33]. According to a literature review of
studies on NS, Wang et al (2022) found S. epidermidis
to have the highest resistance to such ABDs as
erythromycin and penicillin [29]

The second most frequently detected pathogen
identified in our study, S. haemolyticus, was also
characterized by an extremely high level of resistance
to oxacillin, 86.7%. Being a representative of CNS, this
MOs typically colonizes the skin. In modern clinical
practice, most of S. haemolyticus strains exhibit
multidrug resistance, which makes them a significant
cause of severe NS [34, 35]. Representatives of the
ESKAPE group were identified in a third of all cultures
in our study 582 (28.6%). The significant role of ESKAPE
group MOs in the genesis of infections in newborns
is confirmed by many studies. Tzialla et al (2024),
having analyzed the global database of outbreaks of
nosocomial diseases (Outbreak Database, https://www.
outbreak-database.com/Home.aspx), found that the
main pathogens in newborns in the NICU were S. aureus
(24%) and Klebsiella spp. (20%) [19].

The characteristics of patients with NS caused by
S. aureus are well described in the work demonstrating
the results of a retrospective study of medical records
of patients over a 20-year period (Australia) [36]. The
overall incidence was 0.10 per 1000 live births, the
analysis found its decrease after 2011 (from 2001 to
2010 — 0.13/1000; from 2011 to 2020 — 0.07/1000).
The authors identified EDTA as the main source of
biomaterial for cultures that revealed the growth
of this pathogen. An important discovery was the detection
of a link between S. aureus infection and the development
of subsequent neurological deterioration [36].
According to our data, the only noteworthy
aspect regarding the assessment of the susceptibility
parameters of S. aureus to ABDs was the detection
of resistance to oxacillin in 17.1% of strains and to
gentamicin in 9.2%. This differs from the results
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obtained by Oldendorff et al (2024) for a population of
newborns with sepsis in Sweden: the authors did not
find a single case of resistance to isoxazolyl penicillins,
nor any significant resistance to other ABDs [26]. An
analysis of S. aureus antibiotic resistance parameters
based on data from patients in a pediatric hospital in
Beijing (2013-2022) revealed high levels of resistance
to penicillin (89.5%) and erythromycin (73.8%) against
the background of high susceptibility to linezolid,
vancomycin, rifampicin, and moxifloxacin [37].

The next significant pathogen, ranking fourth in
terms of detection frequency in the NICU population
in our study, is K. pneumoniae (n = 210; 10.3%). This
pathogen is one of the most common causes of gram-
negative NS. According to Nordberg et al (2024),
K. pneumoniae ranked second after E. coli, accounting
for 18.7% (20 out of 107) [38]. According to our study,
about half of all K. pneumoniae strains were resistant
to ceftazidime (48.8%), and 100% demonstrated
resistance to ampicillin. This distinguishes our data
from the results of Nordberg et al (2024), who did not
find significant resistance of this MOs to the tested
ABDs [38], but coincides with the data obtained by
You et al (2020) in a retrospective analysis of the
medical records of newborns with sepsis caused by K.
pneumoniae in China (the period from 2000 to 2019):
the authors found resistance to ampicillin in 98.8%,
ceftazidime in 71.5%, cefazolin in 87.2%, and cefotaxime
in 82.6%. At the same time, the pathogen retained high
sensitivity to aminoglycosides and fluoroquinolones. [39].
The last MO among the top 5 pathogens identified in
our study was E. coli (n=188; 9.2%). In the structure of
pathogens of gram-negative NS in Sweden, this MO was
identified as the main one (43.9%; 47 out of 107) [38].
The main characteristics of E. coli revealed in our
study were resistance to ceftazidime in 28.2% of
strains, to ampicillin in 64.9% of strains, and to
sulfamethoxazole trimethoprim in 28.2%. In this regard,
it is interesting to compare our data with results of
a retrospective cohort study that included data from
medical records of neonates infected by E. coli and
hospitalized in NICU (USA, period 2009-2017, n=733).
These results witnessed the highest levels of resistance
to ampicillin  (99.9%), aminoglycosides (99.7%),
carbapenems (91.8%), cefazolin (95.8%), ceftriaxone
(91.5%) and sulfamethoxazole trimethoprim (94.2%) [40].
Resistance of E. coli isolated from newborns in
hospitals was demonstrated in the results of a
multicenter study conducted in China (2021-2022):
75.5% of strains were resistant to cefotaxime, 65.4%
to sulfamethoxazole trimethoprim, and 48.4% to
ciprofloxacin [41]. The levels of E. coli resistance
identified in our results are not as significant as in the
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studies cited above, but nevertheless indicate the risks
of antibiotic therapy for neonatal infections caused by
this pathogen.

Such MOs, as A. baumanni and P. aeruginosa
were found in our study in 2.3 and 1.1%, respectively.
According to the review by Pillay et al (2024), the
frequency of NS caused by A. baumannii ranges from
1 to 6% [42]. Despite the fact that published data
indicate a high level of resistance of this pathogen and
the dominance of strains with multidrug resistance [43,
44], our study did not find similar results; the only
ABDs to which a decrease in sensitivity was detected
were cefepime (17% resistant) and sulfamethoxazole
trimethoprim (6.3% resistant). P. aeruginosa is one of the
MOs with the lowest frequency of detection in our work.
In the practice of NICU work, this pathogen is not the
leading one; however, its detection indicates the risk of a
severe course of the infectious process and is associated
with a high frequency of fatal outcomes. Among gram-
negative causative agents of NS in Sweden (analysis
of 11 years of practice), P. aeruginosa was detected in
3.7% of cases (4 out of 107), while resistance to ABDs
was not detected [38]. Our data revealed variable levels
of P. ageruginosa antibiotic resistance. 22.4% of strains
were resistant to cefepime, 64.1% had intermediate
resistance. Ceftazidime-resistant strains were seen
in 30.5% and in 65.8% intermediate resistance was
detected. Resistance to meropenem was identified in
20.1% and to amikacin in 19.5%.

Limitations of the study

Our study included the materials of cultures of
neonates hospitalized in the largest specialized clinic
of the Russian Federation, however, these data may
not reflect the landscape of pathogens typical for all
regions of the country. Our study had retrospective
design, and we did not assess the effectiveness of the
antibiotic therapy. Also, the presented data did not
include estimation of clinical outcomes depending on
the type of pathogen identified and the parameters of
its antibiotic resistance, which will be the next stage of
our work.

CONCLUSION

In the population of neonates hospitalized
in the NICU with a mean gestational age of
34.624.8 weeks, we found a fairly high frequency of
pathogen isolation — 39.3%. The largest number of
pathogens was obtained from the pharynx (65.5%),
rectum (10.4%) and endotracheal aspirate (8.9%).
Gram-positive microflora dominated in the structure
of pathogens (59.6%). Analysis of antibiotic resistance
parameters revealed a high level of staphylococcal
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resistance to oxacillin (71.2%). ESKAPE group MOs were
determined in 28.6%, the leader was S. aureus (10.7%,
of which 17% of strains were resistant to oxacillin).
K. pneumoniae was the most common gram-negative
MO (10.3%), almost half of the strains were resistant
to ceftazidime (48.8%) and 100% — to ampicillin.
E. coli was the second most frequently determined
gram-negative MO identified in neonates in the NICU
(9.2%). Resistance to ceftazidime was determined
in 28.2% of strains, to ampicillin in 64.9%, and to

sulfamethoxazole trimethoprim in 28.2%. A. baumanni
and Enterobacter spp. were characterized by a fairly high
sensitivity to all tested ABDs. For P. aeruginosa, minimal
sensitivity was found to cefepime and ceftazidime
(13.5 and 3.7%, respectively). Our results revealed
an increase in the levels of antibiotic resistance
of pathogens detected in NICU and indicate
the importance of dynamic monitoring of the
sensitivity of the microflora to the main ABDs used
in NICU.
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