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ABSTRACT. Healthcare-associated infections (HAI) are one of the most pressing problems
facing modern medicine. One of the elements of organization of control of HAI in hospital is
microbiological monitoring and assessment of antimicrobial resistance of strains isolated from
patients. Of particular concern is the high prevalence of Klebsiella pneumoniae strains. These
strains frequently cause urinary tract infections, pneumonia and have multiple resistance to
antibacterial drugs. In this regard, the aim of the study is to evaluate the organization of the
microbiological monitoring system to improve the internal system of epidemiological safety and
control of UTIs in hospitals. In this article, a retrospective analysis of the results of microbiological
monitoring of two hospitals in the city of St. Petersburg, carried out in the period from May to
October 2024, is carried out. The results of the study confirm the high epidemiologic significance
of the group of ESCAPE-pathogens, in particular Klebsiella pneumoniae, and demonstrate their
pronounced resistance to antibiotics compared to other relevant strains. The necessity of regular
microbiological monitoring for timely correction of empirical therapy protocols, early prescription
of rational antibiotic therapy and prevention of the spread of antibiotic-resistant strains in medical
institutions was substantiated.

KEY WORDS: healthcare-associated infections (HAI), microbiologic monitoring, strain, Klebsiella
prneumoniae, beta-lactamases, antibiotic resistance, empirical and rational antibiotic therapy, digital
technologies
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PE3IOME. Mudekiuu, cBsizanHble ¢ okazaHueM menunuHckor momontn (MCMII), sBustores on-
HOU M3 aKTyaJbHBIX MPOOJIEM, C KOTOPOW CTaJIKHUBAETCs COBpeMeHHas MeauuuHa. OQHUM U3 dIie-
MEHTOB opraHuzanuu koutTposs 3a UCMII B cranmonape sByisieTCss MUKPOOHOIOTHYECKHI MOHUTO-
PHMHT U OLICHKA aHTUMHUKPOOHON PE3UCTEHTHOCTH LITAMMOB, BBIAEICHHBIX OT NManueHToB. Ocobyto
03a004YE€HHOCTH BBI3BIBACT IINPOKOE pacnpocTpaHeHue mwrtaMMmoB Klebsiella pneumoniae. lanubie
HITAMMBI 9aCTO BBI3BIBAIOT MH(EKLIMOHHBIC 3200I€BaHMI MOUYEBBIBOISAIINX ITYTEH, THEBMOHUIO U
00J1a/1af0T MHOKECTBEHHOW YCTOMYMBOCTBIO K aHTHOAKTEpUATBHBIM TpernaparaMm. B 3Toi cBs3u
LEJIbI0 MCCIICIOBaHUS SABJISICTCSI IPOBEACHUE OLIGHKH OPraHM3allid CHUCTEMbl MHKPOOHOIOrHYe-
CKOTr0O MOHMTOPHMHTA JJIsI COBEPLICHCTBOBAHUS BHYTPEHHEH CHCTEMBI 3MHMAEMUOIOTHYECKON 0e30-
nacHocTu U KoHTpousist 32 UCMII B crannonapax. B craTebe npoBefeH peTpOCNEeKTUBHBIN aHAIN3
Pe3yabTaTOB MUKPOOHOIOTHYECKOTO0 MOHUTOPUHTA ABYX cTaoHapos ropoaa Caukt-IlerepOypra,
BBITTOJTHEHHBIN B TIEPUOJT ¢ Masl 10 OKTA0ps 2024 roma. Pe3ynbTaThl HCCIEIOBAHUS MTOATBEPKIAIOT
BBICOKYO 31T IEMHUOJIOrH4ecKy 0 3HaunMocTh rpynnsl ESCAPE-narorenos, B wactHoctu Klebsiella
prneumoniae, 1 IEMOHCTPUPYIOT UX BBIPAKCHHYIO YCTOMYMBOCTH K aHTUOMOTHUKAM IO CPABHEHUIO
C IPYTUMHU aKTyaJlbHBIMHU mTaMMaMu. OOOCHOBaHa HEOOXOJMMOCTH PETYISPHOTO MHKpPOOHOINIO-
TUYECKOTO MOHHMTOPHHTA ISl CBOEBPEMEHHON KOPPEKLIMH MPOTOKOJIOB dMIIUPUUECKONW TEpanuH,
paHHero Ha3HAYCHHUsI pallMOHAIBbHOW aHTUOMOTUKOTEPANIUU U MPEIOTBPALLCHUS PACTIPOCTPAHCHU S
AHTUOMOTHKOPE3UCTCHTHBIX IITAMMOB B MEJUIIUMHCKHUX YUPEKACHUSIX.

KJIFOUEBBIE CJIOBA: na}ekuu, cBI3aHHbIC ¢ OKa3aHHeM MenuiuHckod nomortu (MCMIT),
MHKpPOOHMOJOTUYECKU  MOHUTOPUHT, mTtamM, Klebsiella pneumoniae, 0OeTa-lakTamassbl,
AHTUOMOTHKOPE3UCTCHTHOCTD, IMIIMPUYECKas U palliOHabHAsI aHTUOMOTUKOTEpATIUsI, LIUPPOBHIC
TEXHOJIOTUH
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INTRODUCTION

MATERIALS AND METHODS

Organisation of the internal control for
healthcare-associated infections (HAI) plays
a key role in providing microbiological mo-
nitoring and allows to characterize the etio-
logical structure of HAI [1-3]. According to
data of microbiological monitoring, the main
causative agent of HAI is Kl/ebsiella pneumo-
niae. Resistant strains of this species have ac-
tively spread in hospitals in St. Petersburg in
the post-COVID period [4]. Infections caused
by Klebsiella pneumoniae strains often lead
to death in patients, especially those with the
weakened immune system, such as cancer
patients, patients with endocrine diseases, pa-
tients in intensive care units and those who
have recently undergone surgery. Clinical pic-
tures of infections caused by Klebsiella pneu-
moniae are extremely diverse and can range
from mild urinary tract infections to severe
ones such as pneumonia and sepsis [1, 5].

Of particular concern are strains of Kleb-
siella pneumoniae that produce enzymes that
are resistant to antibacterial drugs, such as
carbapenemases, in particular NDM (New
Delhi Metallo-beta-lactamase), which cause a
high level of resistance of this microorganism
to antibiotics [6, 7].

Klebsiella pneumoniae strains containing
the NDM gene were first identified in 2008
in India [8]. Since then, they have spread
globally, leading to significant changes in the
epidemiological situation and an increase in
the frequency of infections caused by these
strains.

The main risk factors for spread of these
strains are associated with an increase in the
number of invasive procedures, the use of broad-
spectrum antibiotics, and poor control methods
for infections associated with healthcare. Limi-
ting the spread of Klebsiella pneumoniae strains
that are not resistant to antimicrobial drugs in
healthcare facilities through compliance with
anti-epidemic measures is an important link in
the fight against HAIL.

AIM

To evaluate the organization of the microbio-
logical monitoring system to improve the inter-
nal system of epidemiological safety and cont-
rol of HAI in hospitals.

At the first stage of the study, a retrospective
analysis of the results of microbiological monito-
ring of the multidisciplinary hospital in St. Peters-
burg with 1000 beds, working under the compul-
sory medical insurance system, was carried out.
The study period was from May to October 2024,
during which 4,760 strains isolated from patients
(Hospital No. 1) were analyzed. Then, an analysis
of the microbiological monitoring data of the new
multidisciplinary hospital serving the population
of St. Petersburg and the Leningrad Region under
compulsory medical insurance, voluntary medi-
cal insurance and for cash was performed. The
number of beds was 230, 465 isolates were iden-
tified (Hospital No. 2). The obtained data were
processed using the computer analytical program
WHONET and the online platform AMRCloud.
Statistical analysis was performed using paramet-
ric and non-parametric methods. The reliability
of the research results was ensured by the repre-
sentativeness of the sample and a sufficient vo-
lume of empirical data. The level of evidence was
accepted as p >0.05. To analyze the reliability of
differences in the distribution of the frequencies
of Klebsiella pneumonia strains isolation between
hospitals, the leading pathogens in the etiological
structure of Hospitals No. 1 and No. 2 were iden-
tified. The analysis of differences in the levels of
resistance of Klebsiella pneumoniae to antimicro-
bial drugs was carried out using calculation of the
median method.

RESULTS AND DISCUSSION

During the microbiological monitoring in
studied hospitals, results of bacteriological exa-
mination of 5225 samples were used: 4760 from
Hospital No. 1 and 465 from Hospital No. 2. In
the etiological structure of Hospital No. 1, the
leading pathogens are the following microorga-
nisms (Fig. 1): Klebsiella pneumoniae —
27.52% (n=1310), Escherichia coli — 19.79%
(n=942), Staphylococcus epidermidis — 10.09%
(n=480), Staphylococcus aureus — 8.89%
(n=420), Acinetobacter baumannii — 7.35%
(n=350). A total of 18 microorganisms were iso-
lated.

In the etiological structure of Hospital No. 2,
71 types of microorganisms were identified
(Fig. 2), including the following: Escherichia
coli — 22.63% (n=105), Klebsiella pneumo-
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niae — 11.21% (n=52), Staphylococcus au-
reus — 10.78% (n=50), Enterococcus fae-
calis — 7.76% (n=36), Candida albicans —
5.60% (n=26).

The number of isolated microorganism spe-
cies in Hospital No. 1 is statistically significant-
ly lower than in Hospital No. 2 (p <0.05). These

u Enterococcus faecium
m Proteus mirabilis

m Klebsiella pneumoniae

m Escherichia coli
Pseudomonas aeruginosa

m [lpyrvie rpamoTpuLaTentHble
MWKPOOpPraHuambl /
Other gram-negative
microorganisms

= [lpyre rpaMnonoxurenbHble
MWKPOOPraHnambl /
Other gram-positive
microorganisms

m Staphylococcus epidermidis
m Staphylococcus aureus
m Acinetobacter baumannii

m Enterococcus faecalis

Fig. 1. Etiological structure of isolates in hospital No. 1

Puc. 1. DTnonorndeckas cTpyKTypa H30JI4TOB B cTanmonape Ne 1

differences are explained by the fact that Hospi-
tal No. 2 uses more modern laboratory diagnos-
tic methods and also provides medical care to
patients who require in-depth examination and
treatment.

Despite the differences in the species compo-
sition of isolates in the hospitals we are consi-

m Klebsiella pneumoniae m Pseudomonas aeruginosa

m [Ipyrue rpamoTpuLaTenbHble
MWKpOOpraH13mbl /
Other gram-negative
microorganisms

[pyrve rpamMnonoxuTenbHble
MVKpOOPraH1ambl /

Other gram-positive
microorganisms

W Escherichia coli

m Staphylococcus aureus
B Enterococcus faecalis
m Candida albicans

m Acinetobacter baumannii
H [pubbl / Fungus

Fig. 2. Etiological structure of isolates in hospital No. 2

Puc. 2. DTronorudeckas CTpyKTypa H30JI4TOB B cTarmonape Ne 2

Table 1

Distribution of isolates depending on the location of infection

Tabnuya 1

PacnipenencHre H30ISTOB B 3aBHCUMOCTH OT JIOKAJTU3AIIH HH(EKITHH

Cranuonap Ne 1/ Hospital No. 1

Cranunonap Ne 2 / Hospital No. 2

pouent /

. A0co110THOE
Ne | Buosmormueckuii cy6erpar /
KOJIHY€eCTBO /

Biological substrate Percentage /

Absolute count

IMpouent /
Abcoa0THOE
KOJIUY€eCTBO /
Percentage /

Absolute count

Buonornyeckuii cydcrpar /
Biological substrate

1 | Moua / Urine 38,8/ 1858 Moua / Urine 29,7 /138

2 | Moxkpota / Sputum 26,9 /1289 Moxkpota / Sputum 12,7/59

3 | Pana / Wound 17,2/ 824 Kposs / Blood 6,9/32

4 | Kposs / Blood 7,5/362 BponxoanbBeossIpHbI TaBax / 5,6 /29
Bronchoalveolar lavage

5 | llpouee / Other 9,6 /427 TIpouee / Other 45,1 /206
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dering, the leading place in the etiological struc-
ture of HAI is occupied by microorganisms of
the ESCAPE pathogen group, which includes
microorganisms with high resistance to antibio-
tics — Enterococcus faecium, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter
baumannii, Pseudomonas aeruginosa and Ente-
robacter spp.

These microorganisms are the most common
pathogens of HAI [9]. One of the leading posi-
tions belongs to Klebsiella pneumoniae.

During the analysis of microbiological study
of clinically significant loci obtained from pa-
tients of Hospital No. 1, it was established that
the maximum frequency of isolation of microor-
ganisms from biological material falls on: urine
(38.8%), sputum (26.9%), wounds (17.2%),
blood (7.5%). In Hospital No. 2, significant
biological substrates were also urine (29.7%),
sputum (12.7%), blood (6.9%), bronchoalveolar
lavage (5.6%) (Table 1).

In the process of epidemic surveillance,
determining of risk groups is very important.
When analyzing the data, greatest amount of
isolates in Hospital No. 1 fell on the following
departments: intensive care (24.8%), intensive
care for neurological diseases (13.1%), neuro-
logy (8.7%), hepatobiliary surgery 5.5%, uro-
logy (5.2%). In Hospital No. 2, such depart-
ments were: therapy (22.2%), intensive care
(18.9%), surgery (18.9%), urology (14.4%)
and the Center for Specialized Medicine

(11.8%) (Table 2). The data obtained show the
need to take into account the specifics of the
department when organizing measures to pre-
vent HAL

Of particular concern is the identification and
spread of beta-lactamase-producing K. pneumo-
niae strains due to the severe condition of pa-
tients and the difficulty of selecting antibacte-
rial drugs for their treatment [3, 5, 6]. The data
analysis showed, that in Hospital No. 1 amount
of Dbeta-lactamase-producing K. pneumoniae
strains among all found K. pneumoniae isolates,
the percentage was 6.2% (82 isolates). The
main biological substrate from which beta-lac-
tamase-producing K. pneumoniae strains were
obtained is urine (Fig. 3).

In the Hospital No.2, the amount of
K. pneumonia strains was 38.4% (20 isolates)
among all detected isolates of K. pneumonia
(Fig. 4).

The next step was to analyze the antibiotic
resistance of the isolated Klebsiella pneumo-
niae strains to various classes of antimicro-
bial drugs using the AMRcloud online plat-
form. Also, a comparative analysis of sensi-
tivity of beta-lactamase-producing Klebsiella
pneumoniae strains to the same antibiotics was
performed. When assessing sensitivity based
on the results of laboratory studies, it was
found that strains producing beta-lactama-
ses exhibit greater resistance to antimicrobial
drugs (Tables 3, 4).

Table 2
Distribution of isolated isolates by main hospital departments
Tabnuya 2
Pacnpenenenue BbICIEHHBIX U30JIATOB 10 OCHOBHBIM OTAEJICHUSIM CTallMOHAPOB
Crauuonap Ne 1/ Hospital No. 1 Crauuonap Ne 2 / Hospital No. 2
IIpouent / Hpouenr /
Ne AO0co10THOE AOco1I0THOE
2 Otpenenne / Otnenenne /
Department KOJIH4YeCcTBO / Department KOJIN4ecTBO /
P Percentage / P Percentage /
Absolute count Absolute count
1 | Peanumanus / Resuscitation 24,8 /1190 Tepanus / Therapy 22,2/103
2 | Heiipopeanumanus / 13,1 /627 Peanumanus / Resuscitation 18,9 /88
Neuroreanimation
3 | HeBpomorus / Neurology 8,7/419 Xupyprus / Surgery 18,9/ 88
4 | l'emaroxupyprus / 5,3/256 VYposnorus / Urology 14,4/ 67
Hepatobiliary surgery
5 | Yponorus / Urology 5,2/251 LenTp npodmisHONH METUIHEI / 11,8 /55
Center for Specialized Medicine
6 | IIpouee / Other 42,9/2017 [Ipouee / Other 13,8 /64
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B Mokpota / Sputum

B Pana / Wound

= Mova / Urine

B BpoHxWanbHblit

nasax /

Bronchoalveolar
lavage

= Kposb / Blood

Fig. 3. Distribution of K. pneumoniae strains by departments and biological substrate in hospital No. 1

Puc. 3. Pacnipenenenne mrammoB K. pneumoniae 1o OTACIEHHSIM U OHOJIOTHYECKOMY CyOcTpary B cTanmoHape Ne 1

6
5
4
3
2
1
0
Peanumaums / urnm/ Yponorus / Tepanus /
ICU SMC Urology Therapy

B BpoHxuarnbHbIA NaBax / = Mova / Urine

Bronchoalveolar lavage

= A6cuecc abaomMnHanbHbIN /
Abdominal abscess

= Mokpora / Sputum

= [psmas kuwka / Rectum

Fig. 4. Distribution of K. pneumoniae strains by departments
and biological substrate in hospital No. 2

Puc. 4. Pacupenenenue wrammoB K. pneumoniae 1o otae-
JICHUSIM U OMOJIOTHYecKOMy cyOcTpary B cTallMOHape
Ne 2

To analyze differences in Klebsiella pneu-
moniae resistance to antimicrobial drugs in two
hospitals, the median was calculated.

Hospital No.1: Sorted data: 56, 59.7, 83, 84,
85, 85.

83 + 84
2

Hospital No. 2: Sorted data: 40, 56,8, 68,7,
69,4, 71,7, 71,7.

Median = =835.

68,7+ 694

Median = =69,05.

The median resistance of K. pneumoniae to
antimicrobial drugs in Hospital No. 1 is higher
(83.5%) compared to the median in Hospital
No. 2 (69.05%).

Beta-lactamase-producing Klebsiella pneu-
moniae strains are widespread and can be
found in various conditions and locations in the
human body (for example, in the respiratory
system (development of pneumonia, especially
in immunocompromised patients), urogenital
tract, and bloodstream) and the environment
[1, 5].

Mortality associated with infections caused
by NDM-producing Klebsiella pneumoniae
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Table 3

Sensitivity of K. pneumoniae to antibacterial drugs in hospital No. 1

Tabnuya 3

UysctBuTenbHOCT K. pneumoniae X aHTHOAKTEpUAIBLHBIM IperapaTaM B ctaronape Ne |

AnTnounoruk / Antibiotic

Jloast pe3McTEHTHBIX IITAMMOB /
Proportion of resistant strains
(n=1310), %

Jlo/151 pe3MCTEHTHBIX ITAMMOB,
NMPOAYUHUPYIOLHUX OeTa-IaKkTaMa3bl /
Proportion of resistant strains producing
beta-lactamases (n=82), %

Awmukanus / Amikacin 59,7 30,4
Meponenem / Meropenem 56,0 0,0
Hedrazumum / Ceftazidime 85,0 96,3
Ledenum / Cefepime 84,0 97,5
Hedorakcum / Cefotaxime 85,0 100,0
Hunpodmoxkcanun / Ciprofloxacin 83,0 84,1
Table 4
Sensitivity of K. pneumoniae to antibacterial drugs in hospital No. 2
Tabnuya 4
UyBCTBUTEIBHOCTD K. pneumoniae X aHTUOAKTEPHATIHHBIM IIperaparam B ctaroHape Ne 2
Jlos1s1 pe3MCTEHTHBIX IITAMMOB / . );[;m:“p e3;c"::l:T6T:;_;:;TK?;x:l;;I /
AnTHOMOTHK / Antibiotic Proportion o_f resisotant strains ng ortyionI:)); resistant strains producing
(n=52), % beta-lactamases (n=20), %
Awmukanus / Amikacin 40,0 66,6
Mepomnienem / Meropenem 56,8 100,0
Hedrazuaum / Ceftazidime 71,7 100,0
Hedenum / Cefepime 68,7 100,0
Ledorakcum / Cefotaxime 69,4 100,0
Hunpodnoxcarmn / Ciprofloxacin 71,7 100,0

strains varies depending on different factors, in-
cluding severity of a disease, patient’s condition,
comorbidity, and effectiveness of treatment [1,
2, 10]. Among both critically ill patients trea-
ted in intensive care unit and patients with im-
mune pathology, mortality rate reaches 50%. In
patients with sepsis caused by NDM-producing
Klebsiella pneumoniae strains, lethal outcomes
occur in 40-60% of cases. The similar situation
is observed in patients with pneumonia, particu-
larly in patients with chronic diseases of lungs.
However, mortality rate varies significantly by
region: countries with high levels of antibio-
tic resistance and insufficient control measures
have higher rates of HAI than countries with
more developed healthcare systems.

Diagnosis of infections caused by NDM-pro-
ducing Klebsiella pneumoniae strains is asso-
ciated with other problems. Standard identifica-
tion methods may not detect strains with high
levels of resistance. Therefore, the use of mo-

lecular methods such as PCR for rapid identi-
fication of resistant bacteria is required, which
will be the second stage of our study [11].

CONCLUSION

The problem of antibiotic resistance is current-
ly particularly relevant for modern healthcare. In
hospitals, of particular importance is the problem
of increasing resistance of Klebsiella pneumoniae
strains. One of the ways to control antibiotic resis-
tance is to constantly conducted microbiological
monitoring in a medical institution, since the mic-
robial landscape of each institution, depending on
its profile and characteristics of incoming patients,
acquires its own “uniqueness”.

However, despite this fact, there are also ge-
neral patterns. Microbiological monitoring data in-
dicate the prevalence of microorganisms from the
ESCAPE pathogen group in the etiological struc-
ture of the two hospitals, with one of the leading
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positions belonging to Klebsiella pneumoniae (in
Hospital No. 1 — 27.52%, in Hospital No. 2 —
11.21%). The priority departments where biological
material for our analysis was obtained were intensive
care unit, surgery, therapy, and urology departments,
which is due to the fact that these departments re-
ceive the most severe comorbid patients with re-
duced immunity. The main biological materials were
urine, sputum, wound, and blood. It is obvious that
invasive interventions are more often associated with
these loci increasing the risk of developing HAI,
which confirms the literature data on the most fre-
quent localization of the pathogen [1, 12, 13].

The study results show that when comparing
two medical institutions, in hospital No. 1 the pro-
portion of K. pneumoniae strains resistant to va-
rious antibacterial drugs is statistically significant-
ly higher than in hospital No. 2. The differences
identified can be explained by the fact that hospi-
tal No. 1 has been operating for over 50 years, its
capacity significantly exceeds that of the recently
commissioned hospital No. 2, which may have led
to the formation of hospital strains and determines
the diversity of surgical pathology. The differences
are also influenced by longer stays and the severi-
ty of the condition of hospitalized patients in hos-
pital No. 1 compared to hospital No. 2.

Analysis of the laboratory studies results of
resistance to antibacterial drugs showed that
during the study period, beta-lactamase-producing
K. pneumoniae strains were isolated, which in
most cases are characterized by greater resistance
to antimicrobial drugs compared to K. pneumoni-
ae without the production of resistance enzymes.

Regular microbiological monitoring allows us
to identify changes in the structure of microor-
ganisms and to suspect the precursors of an un-
favorable epidemiological situation in time. The
analysis of pathogens’ resistance to antimicrobial
drugs is necessary for timely adjustment of em-
pirical antibiotic therapy and control of the spread
of these microorganisms in medical institutions.
Such work is associated with the need for rapid
analysis of a large array of data, which requires the
development of completely new digital technolo-
gy systems for their implementation in medical
information systems (MIS) and laboratory infor-
mation systems (LIS) of hospitals.
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JOIMOJIHUTEJIbBHAA HHOPOPMALUA

Bruag aBTOopoB. Bee aBTOpBI BHECTU CylIlie-
CTBEHHBI BKJIAJ B Pa3pabOTKy KOHIIEHIIWH, IPO-
BE/ICHUE WCCIIEIOBaHUSI M TIOATOTOBKY CTaThH,
MPOWIN U OHOOpHIN (DUHATBHYIO BEPCHIO TIEpes
My OITMKaIe.

Kondaukr unTepecoB. ABTOpHI JEKIapUpy-
IOT OTCYTCTBHME SIBHBIX U MOTEHLHMAJIbHBIX KOH-
(TMKTOB MHTEPECOB, CBSA3AHHBIX C IMTyOIUKAIIH-
el HacTosIIIeN CcTaThy.

HUcTounuk ¢puHaHcupoBanus. ABTOpHI 3a-
SIBJSIIOT 00 OTCYTCTBHHM BHENTHETO (DMHAHCHUPO-
BaHUS TIPU MPOBEICHUN HCCIICTOBAHUS.
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