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ABSTRACT

Aim. To determine the most significant indicators for predicting a fatal outcome in patients with pneumonia caused
by carbapenem-resistant K. pneumoniae.

Materials and methods. A total of 114 cases of pneumonia caused by K. pneumoniae, including those associated
with COVID-19, were retrospectively analyzed. Depending on the outcome of the disease, two groups were formed:
group 1 included 54 patients discharged from the hospital upon completion of treatment; group 2 encompassed
60 patients with an unfavorable (fatal) outcome. Patients who did not have a concomitant COVID-19 infection were
analyzed separately. The profile of concomitant diseases, hemogram parameters, C-reactive protein (CRP) level,
and hematological indices (neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), plate-
let-to-lymphocyte ratio (PLR)) were studied, and the risk of death according to the CURB-65 score was assessed.

Results. Patients with an unfavorable outcome were characterized by higher leukocyte and neutrophil counts,
higher NLR, MLR, PLR, and CRP levels, higher risk according to the CURB-65 score, and lower lymphocyte and
platelet concentrations. According to the results of the ROC analysis, the most significant prognostic indicators of
an unfavorable outcome were lymphocytes, neutrophils, NLR, CURB-65, CRP, and TLR. The diagnostic value of
the CURB-65 score (3-5 points) in predicting the risk of an unfavorable outcome was the following: test sensitiv-
ity was 47.5%, specificity was 98.2%, positive predictive value was 96.6%, negative predictive value was 63.1%,
accuracy was 71.7%. For NLR (at a threshold value > 6), sensitivity was 85.0%, specificity was 87.0%, positive
predictive value was 87.9%, negative predictive value was 83.9%, accuracy was 86.0%. For MLR, the diagnostic
accuracy was 79.0%, and for PLR — 73.7%.

Conclusion. The parameter of choice that can be used at the early stage to predict the fatal outcome of pneumonia
caused by carbapenem-resistant K. pneumoniae should be NLR (> 6) due to its high sensitivity (85%) and specificity
(87%) and ease of use. In addition, the CURB-65 score can be used at NLR > 3.
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MporHo3npoBaHue neTanbHOro NCxoAa y nauMeHToB C MTHEBMOHUeEN,
Bbi3BaHHOW Kap6aneHem-pe3uncreHTHon Klebsiella pneumoniae,
Npy NOMOLLM reMaToNIorm4YecKnx NHAEeKCoB

NleBuenko K.B.', Muuypa B.M.?

I Fomenbekuil 20Cy0apcmeenHblil MeOUYUHCKULL YHUBEPCUMem
Pecnybnuxa benapyco, 246000, 2. I'omens, ya. Jlanee, 5

2 PecnybnuKkancKuil HAYy4YHO-NPAKMUYeCKUll YyeHmp paouayuonHol MeOuyUHbl U IKOJL02UL YeN06eKa
Pecnybnuxa Benapyce, 246040, 2. I'omens, yi. Unvuua, 290

PE3IOME

Heas. Onpenenenne HanboIee 3HAUNMBIX [TOKa3aTeNeil Ui IPOrHO3UPOBAHNUS JIETAIBHOTO MCXO0/1a Y TAIlNEeHTOB
C MHEeBMOHUEH, BBI3BaHHOI KapOaneHeM-pe3ucTeHTHOH K. pneumoniae.

Marepuajbl ¥ MeTOAbl. PETPOCIEKTHBHO NpOaHAIM3UpOBaHO 114 ciydaeB IHEBMOHMH, BbI3BAaHHOIL
K. pneumoniae, B ToM uncie Ha hoHe KopoHaBupycHoi nHdekuueit (COVID-19). B 3aBucumoctu ot ncxoaa 3abo-
neBaHus cOPMHUPOBAHO JIBE IPYMIbL: Tpymma | — 54 nmaruenTa, BBIMCAHHBIX U3 CTAL[MOHAPA 110 3aBEPILICHHUH JIe-
4yeHus; rpymnmna 2 — 60 manmueHToB ¢ HeOIaronpuaATHBIM (JIETaIbHBIM) HCX010M. OTAEIBHO MPOAaHATU3UPOBAHBI 1A~
LUCHTHI, Y KOTOPBIX HE BBIABICHO comyTcTBYyIomel nHpekmn COVID-19. M3yyena cTpykTypa COMyTCTBYIOMINAX
3a00JIeBaHMi, ONpeIeNICHbI OKa3aTenu remorpammbl, C-peaktuBHoro 6enka (CPB), a Takke remaroiaorndeckue
MH/ICKCBI: OTHOIIEHHE HeWTpoduioB u auMponuToB (HIIN), monouutoB u mumdponutos (MJIN), TpomGonnToB 1
mumpormtos (TJIN). Puck neransHoro ucxoxaa onennsancs no mxane CURB-65.

Pe3yabTarhl. J[Js1 MaEHTOB ¢ HEOIATOMPHATHBIM HCXO0M XapaKTePHbI 00JIce BHICOKUE MOKA3aTEIH JCUKOIIN-
TOB B 00IIIEM aHAJIU3¢ KPOBH, HeirTpodmios, 3Hauenus HIIU, MJIU, TJIU, CPB, 6osiee BBICOKHIA PHUCK IO HIKAJIC
CURB-65 u Huskuii ypoBeHb JUM(GOLUUTOB, TpoMOOIHTOB. [0 pe3ynbraram nposeneHrHoro ROC-ananu3sa, Hau-
60)’[86 3HAQYUMbIMHU IMPOTHOCTUYCCKUMU ITOKA3aTCIIAMU HeGJ’[aFOle/IﬂTHOFO ucxoga sABJISCTCA YPOBEHb J'IVIM(i)OLIPI-
ToB, HeWTpoduiaos, HIIW, mokazarenu CURB-65, CPb, TJIN. /{uarnoctuueckas 3HaunmMocth mikaabl CURB-65
(3—5 GanIoB) B MPOTHO3MPOBAHUU PHCKA HEOIArOMPHUSITHOTO MCXOJa COCTABISCT: UyBCTBUTCIBHOCTH TECTA —
47,5%, cneunpuuHocTh — 98,2; MONOKUTENbHAS MPOTHOCTHYECKAs LIEHHOCTh — 96,60; oTpHUIIaTeIbHAS MTPOTHO-
cThyeckas eHHOCTh — 63,1; Tounocts — 71,7%. J{ns HJIU (mpu moporoBoM 3HadeHuu OoJiee 6) MOTyUEHBI Ciie-
JIYIOIIME JaHHBIC: 10 YyBCTBUTEIBHOCTH (85,0%), crieruduanoctu (87,0%), MONOKUTEIBHON MPOrHOCTHYECKON
ueHHocTH (87,9%), oTpuuaTesibHOM NMporHocTuueckoi neHHoctH (83,9%), rounoctu (86,0%). uarnoctuueckas
TouHocTh 11t MJIU cocrasuina 79,0%, mis TJIIA — 73,7%.

3akumouenne. [IpeamouTHTENEHBIM TOKa3aTEIeM, KOTOPBIT MOKHO HCIIONIF30BATh HA TIEPBOM 3TaIle JUIS TPOTHO-
3UPOBAHMS JICTATBHOTO MCX0/1a THEBMOHUH, BRI3BAHHO KapOareHeM-pe3UCTEHTHOU K. pneumoniae, CieyeT CUH-
tats HJIW (pm ypoBHe Ooiee 6) BBHaY BBICOKOH dyBcTBHTENbHOCTH (85%) n cnerupuanoctu (87%), a Taxke
MIPOCTOTHI IPHMEHEHNUS. B TOTIOTHEHNE K 3TOMY MOYKHO HCIIOJIb30BaTh pacdeT 6amios o mkaine CURB-65 mpu
3HAYCHMSIX 3 OaJuia u BBIIIE.

KaroueBble c10Ba: NPOrHO3MPOBAaHME JIETAIBHOIO HCXOJa, KapOaneHem-pesuctenTHas K. pneumoniae,
COVID-19, mkana CURB-65, reMaToI0rH4eCcKHe HHIEKCHI

KoHpaukT nHTepecoB. ABTOPbI AEKIAPUPYIOT OTCYTCTBHE SBHBIX U MOTEHIIHATBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKaIKEeil HACTOSIIECH CTaThH.

HUcTounuk (l)HHaHCHpOBaHI/IH. ABTOpLI 3asIBJIIIOT 00 OTCYTCTBHUU (bHHaHCHpOBaHI/IH Ipyu OpOBEACHUU HUCCIIEN0-
BaHUA.

CooTBeTcTBHE NpUHIOUIAM 3THKH. Bcee YYaCTHUKHU HCCJIICAOBAaHUA MOANUCAIN I/IH(i)OpMI/IpOBaHHOC coryjacue.
HpOTOKOH HUCCIICJOBaHUA 0;[06peH stmdeckuM KomutetoM YO «"omenbckuit I‘OCyZ[apCTBeHHLIﬁ MEITUTTMHCKUI
YHUBCPCUTET».

Jsa nutuposanus: Jlesuenko K.B., Munypa B.M. [Iporao3upoBanue JIeTaabHOr0 UCX0/a y NALlUEHTOB C ITHEB-

MOHHEH, BBI3BAHHOM KapOaneHeM-pesnucTenTHoit Klebsiella pneumoniae, Ipy TIOMOIIN TEMATONOTHYECKUX HHIEK-
coB. Bioiemens cubupcroi meouyunst. 2025;24(3):81-88. https://doi.org/10.20538/1682-0363-2025-3-81-88.
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INTRODUCTION

K.pneumoniae is the most common pathogen of
healthcare-associated infections worldwide. These
pathogens belong to the group of clinically significant
ESKAPE pathogens — Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa,
and Enterobacter spp., which is associated with the
development of severe infections and the difficulty
of selecting an effective antibiotic (AB) regimen
[1-3]. In the profile of nosocomial pneumonia, there
is an increase in the prevalence of carbapenem-
resistant K.pneumoniae. Carbapenem resistance
is a marker of multidrug and extensive antibiotic
resistance [4, 5].

K. pneumoniae, previously almost never seen
among the causative agents of community-acquired
pneumonia, is now often isolated from the biomaterial
of patients diagnosed with pneumonia in the first
48 hours of hospital stay. High frequency of an
unfavorable outcome has been noted among patients
with pneumonia associated with K. pneumoniae and
other ESKAPE pathogens, especially in combination
with COVID-19 infection [2, 6, 7]. Detection of
carbapenem-resistant K. pneumoniae in patients’
biomaterial increases the risk of an unfavorable
outcome [8, 9].

Risk factors for a fatal outcome of community-
acquired pneumonia have been identified: late
hospitalization (5 days or more after the onset of
the disease); underestimation of the severity of the
patient’s condition during the initial examination;
concomitant somatic symptom pathology, bilateral
nature of pneumonia; errors in initial antibacterial
therapy. In order to predict an unfavorable outcome,
the levels of procalcitonin, C-reactive protein
(CRP),  presepsin,  pro-adrenomedullin, and
progranulin are assessed. However, to date it is
difficult to identify a single marker with an absolute
predictive ability regarding a fatal outcome in a
patient with pneumonia [10].

Researchers from Saint Petersburg reported that
it is possible to accurately predict the likelihood of
a fatal outcome in patients with severe community-
acquired pneumonia upon their admission to the
intensive care unit (ICU) by assessing serum markers,
such as surfactant protein D, hypoxia-inducible factor
la, angiotensin-converting enzyme 2, and levels of
interleukins 6 and 10 [11].

At the stage of diagnosis, important tasks for the

physician include determining the risk of an adverse
outcome and deciding whether to treat the patient
in the internal medicine department or in the ICU.
Currently, the CURB-65 score (confusion, uremia,
respiratory rate, blood pressure, age > 65 years) and
the Pneumonia severity index (PSI) are widely used
and recommended for predicting 30-day mortality
and a need for intensive care in a hospital setting.
However, the CURB-65 assessment system may be
preferable for identifying high-risk patients and due to
its ease of use [12].

Neutrophil-to-lymphocyte ratio (NLR), monocyte-
to-lymphocyte ratio (MLR), and platelet-to-
lymphocyte ratio (PLR) are biomarkers used for
prediction of adverse outcomes in many diseases.
NLR has high practical significance for predicting
mortality in patients with pneumonia, as it correlates
with mortality in patients with community-acquired
pneumonia better than traditional assessment systems
(PSI, CURB-65), leukocyte count, and CRP [13-
16]. NLR has been shown to be an independent risk
factor for death from nosocomial pneumonia during
the COVID-19 pandemic [17]. MLR and PLR are
increasingly recognized as markers of inflammation
and have good prognostic value in patients with cancer,
cardiovascular disease, and some infectious diseases,
but the prognostic value of these parameters for
hospitalized patients with pneumonia is questionable
[16, 18]. For early diagnosis and assessment of
the disease severity as well as for prediction of the
disease outcome, preference is given to non-invasive
prediction methods that do not require additional
costs.

The aim of this study was to determine the most
significant indicators for predicting a fatal outcome
in patients with pneumonia caused by carbapenem-
resistant K. pneumoniae.

MATERIALS AND METHODS

A retrospective analysis of 114 cases of pneumonia
caused by K.pneumoniae was conducted. The object
of the study were adult patients treated at the Gomel
Regional Tuberculosis Clinical Hospital (GRTCH)
for pneumonia caused by K. pneumoniae in 2021-
2024, including those with COVID-19 co-infection,
confirmed in the laboratory before and during
hospitalization. Inclusion criteria: age 18 years and
older, isolation of carbapenem-resistant K. pneumoniae
from sputum, bronchoalveolar lavage fluid (BALF) in
diagnostically significant quantities (10° CFU / ml or
more).
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The profile of concomitant diseases, hemogram
parameters, and CRP were studied. Hematological
indices were calculated based on a complete blood
count, which was taken on the day of sputum and
BALF specimen collection for microbiological
testing, before the initiation of antibacterial therapy
(19 patients) and thereafter (95 patients). The median
detection of K. pneumoniae in the studied samples was
17.0 [11.0-27.0] days from the onset of the disease,
13.0 [6.0-20.0] days from the date of hospitalization.

The study group consisted of 45 women and 69
men. The median age of patients was 68.0 [59.0-
75.8] years (minimum age — 21 years, maximum
age — 91 years). Fifty-five people (48.2%; 38.8-57.8)
were patients of pulmonology departments, and 59
patients (51.8%; 42.2-61.2) were treated in the 1CU.
Mechanical ventilation was used in 28 patients (24.6%;
17.0-33.5). COVID-19 infection was detected in 65
patients (57.0%; 47.4-66.3). A fatal outcome was
observed in 60 patients (52.6%; 43.1-62.3).

Depending on the outcome of the disease, two
groups were formed: group 1 included 54 patients
discharged from the hospital upon completion of
treatment. Group 2 encompassed 60 patients with
an unfavorable (fatal) outcome. Patients who did not
have concomitant COVID-19 infection were analyzed
separately. The characteristics of the groups are
presented in Table 1.

Table 1

Characteristics of the Groups of Patients Hospitalized with
Pneumonia Caused by K. Pneumoniae

Group 1, Group 2,

Parameter =54 =60 p
Sex: male/female 39/15 30/30 0.016*
Age

! 61.0 (52.5-70.8) | 70.0 (62.0-77.3) | 0.001*
Me [Q,-Q,] ( ) ( )

Treatment in the -
ICU, abs. (%) 10 (18.5) 29 (48.3) <0.001
Mechanical

ventilation used, 2(3.7) 26 (43.3) <0.001*
abs. (%)

COVID-19 infec- -
tion, abs. (%) 22 (40.7) 43 (71.7) <0.001
Aggravated

premorbid back- 51 (94.4) 59 (98.3) 0.26
ground, abs. (%)

* differences are statistically significant.

Cardiovascular diseases (ischemic heart disease,
arterial hypertension, arrhythmias) were present
in 55 people (91.7%; 81.6-97.2) in group 2 and in
38 patients (70.4%; 56.4-82.0) in group 1 (¥*>= 8.58,

p = 0.004). Metabolic disorders (obesity, diabetes
mellitus) were present in 21 patients (38.9%; 25.9—
53.1) in group 1 and in 28 patients (46.7%; 33.7-60.0)
in group 2 without statistically significant differences
(p = 0.40). Chronic nonspecific lung diseases were
present in 9 patients (16.7%; 7.9-29.3) in group 1 and
in 8 patients (13.3%; 5.9-24.6) in group 2 without
statistically significant differences (p = 0.62).

Cancer was detected in 11 patients (20.4%; 10.6—
33.5) in group 1 and in 8 patients (13.3%; 5.9-24.6)
in group 2 without statistically significant differences
(p = 0.32). Chronic liver diseases were present in 5 pa-
tients (7.9%; 3.7-14.5) in group 1 and in 4 patients
(6.7%; 1.9-16.2) in group 2 (p = 0.61). Chronic kidney
diseases were observed in 9 patients (16.7%; 7.9-29.3)
ingroup 1 and in 7 patients (11.7%; 4.8-22.6) in group
2 (p=0.44). To predict 30-day mortality, the CURB-65
pneumonia severity assessment score was used [12].

Statistical processing of the obtained data was
performed using the Statistica v. 12.5 and MedCalc,
v. 18.9.1 software packages. The median and the
interquartile range Me [Q,-Q.] were calculated
to present the data. Comparison of groups by
quantitative characteristics was performed using the
Mann — Whitney U-test. For relative values, the 95%
confidence interval (95% CI) was determined using
the Clopper — Pearson method. The significance
of differences in the relative values was calculated
using the Pearson’s y? test. To assess the impact of
various factors on hospital mortality, the odds ratio
(OR) was calculated with 95% CI. To study the
relationship between variables, the Spearman’s rank
correlation coefficient (r) was calculated. To assess
the significance of quantitative variables in predicting
a certain outcome, the ROC analysis was used with
the calculation of area under the curve (AUC), 95% CI
for AUC, and determination of the cutoff point using
the Youden criterion and sensitivity and specificity
for this cutoff point. The differences were considered
statistically significant at p < 0.05.

RESULTS

The hemogram parameters obtained on the day
of sputum and BALF specimen collection and the
calculated hematological indices are presented in
Table 2.

Table 2 shows that patients in group 2 were
characterized by higher WBC and neutrophil
counts, NLR, MLR, PLR, and CRP, lower levels of
lymphocytes and platelets, and a higher risk according
to the CURB-65 score.
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Table 2

Laboratory Parameters of Patients in the Analyzed Groups,

Me [st_Q7s]

Parameter Group 1, 7=54 | Group 2, n = 60 p
White blood cells *
(WBG), w10/ | 8917:6-123] | 134[96-172) | 00003
Neutrophils, % | 68.0 [61.2-75.0] | 88.0 [82.0-91.0] | <0.0001*
Lymphocytes, % | 18.5 [15.0-27.0] | 7.0 [4.0-11.8] | <0.0001*
Monocytes, % 65[40-80] | 50[30-7.9] | 0.147

2795 213.0
9 *
Platelets, x 10°/1 |01 ‘%0 o1 | pesosss.o | 0004
. 1165
Hemoglobin, g /1 [97.0-131.0] 108.5 [94.5-123] 0.19
Redblood cells, | 39131 441 | 38[33-44] | 0.982
x 1012/ 1
140.0 R
CRP,mg/| 418 [23.0-880] | g 0"y o1 | <0000L
MLR 0.32 [0.19-0.42] | 0.94 [0.41-1.25] | <0.0001*
12.25 R
NLR 374[2376.07) | o 07 sy | <0.0001
12.36 33,53 R
PLR [9.11-20.64] | [18.44-5567] | <0-0001
CURB-65score | 1.0[0.0-1.0] | 2.0[2.0-4.0] |<0.0001*
CURB-65, 1 (%)
0-1 points 45 (83.3) 13 (21.7)
2 points 8 (14.8) 18(300) | £7465
P : : <0.0001
3-5 points 1(1.9) 28 (46.7)

* differences are statistically significant.

Various factors that could affect the mortality
of hospitalized patients were analyzed. Risk factors
associated with a fatal outcome were the presence
of COVID-19 infection (OR 3.68; 95% CI 1.69-
8.03), CURB-65 scores of 3-5 (OR 46.37; 95% ClI
6.02-357.5), the use of mechanical ventilation (OR
19.88; 95% CIl 4.43-89.27), and hospitalization
in the ICU (OR 4.12; 95% CI 1.75-9.66), which
does not contradict the data of foreign authors
[19, 20].

A direct correlation was established between
the CURB-65 score and WBC count (r, = 0.33,
p = 0.0004), neutrophil count (» = 0.65, p < 0.001),
CRP (r =0.42, p<0.001), PLR (r, = 0.64, p <0.001),
MLR (r, = 0.60, p < 0.001), and NLR (r, = 0.78,
p < 0.001). An inverse correlation was established
between the CURB-65 score and the lymphocyte
count (» =-0.79, p < 0.001).

The ROC analysis was performed to determine
the prognostic value and threshold values of the
parameters. The parameters that have significant
differences when compared in the study groups were

included (WBC, neutrophils, lymphocytes, platelets,
CRP, NLR, MLR, PLR, CURB-65 score).

For WBC, the AUC values were 0.69 (0.60-0.77),
test sensitivity was 71.2%, specificity was 68.5% at
a cutoff point of > 10.4, and the Youden index was
0.40. For neutrophils, the AUC values were 0.93
(0.87-0.97), test sensitivity was 85.0%, specificity
was 94.4% at a cutoff point of > 79, and the Youden
index was 0.79. For lymphocytes, the AUC values
were 0.92 (0.85-0.96), test sensitivity was 93.3%,
specificity was 77.8% at a cutoff point < 14.37, and the
Youden index was 0.71. For platelets, the AUC values
were 0.66 (0.56-0.74), test sensitivity was 76.7%,
specificity was 55.6% at a cutoff point < 255, and the
Youden index was 0.32. The AUC values obtained
for CRP were 0.80 (0.71-0.87), test sensitivity was
75.0%, specificity was 77.8% at a cutoff point > 97,
and the Youden index was 0.53.

The AUC values for MLR (Fig. 1) were 0.79
(0.70-0.86), test sensitivity was 70.0%, specificity
was 85.2% at a cutoff point > 0.55, and the Youden
index was 0.55. For NLR, the AUC values were
(Fig. 2) 0.93 (0.86—0.97), test sensitivity was 85.0%,
specificity was 87.0% at a cutoff point of > 6, and the
Youden index was 0.72. For PLR, the AUC values
were 0.80 (0.72-0.87), test sensitivity was 56.7%,
specificity was 92.6% at a cutoff point of > 28.15,
the Youden index was 0.49 (Fig. 3). For the CURB-
65 score, the AUC values were 0.87 (0.80-0.93),
test sensitivity was 46.7%, specificity was 98.2%
at a cutoff point of > 2, the Youden index was 0.60
(Fig. 4).

According to the results of the analysis, the most
significant prognostic indicators of an unfavorable
outcome were lymphocytes, neutrophils, NLR,
CURB-65, CRP, and PLR. To exclude the influence
of COVID-19 co-infection on the threshold values of
prognostic indicators, the ROC analysis was performed
including the NLR values calculated for patients who
did not have confirmed COVID-19 co-infection (n
= 49). The AUC values were 0.92 (0.81-0.98), test
sensitivity was 82.4%, specificity was 87.5% at a
cutoff point of > 6, the Youden index was 0.73.

The diagnostic value of the CURB-65 score
(3-5 points) in predicting the risk of an unfavorable
outcome in patients was calculated using the Medcalc
Diagnostic Test Evaluation Online Calculator (https://
www.medcalc.org/calc/diagnostic_test.php). The test
sensitivity was 47.5%, specificity was 98.2%, positive
predictive value was 96.6%, negative predictive value
was 63.1%, and accuracy was 71.7%.
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Fig. 1. ROC-curve for the prognostic value of MLR
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Figio 3. ROC-curve for the prognostic value of PLR

For NLR (at a threshold value > 6), sensitivity
was 85.0%, specificity was 87.0%, positive predictive
value was 87.9%, negative predictive value was
83.9%, and accuracy was 86.0%. For MLR, the
diagnostic accuracy was 79.0%, and for PLR — 73.7%.

DISCUSSION

To predict a fatal outcome in patients with
pneumonia caused by carbapenem-resistant K. pneu-
moniae, including those with COVID-19 co-infection,

NLR
100
80
> 60
=
J2
940
20 H 7
AUC =0.927
i p<0.001
= R et g, ] |
0 20 40 60 80 100
100-Specificity
Fig. 2. ROC-curve for the prognostic value of NLR
CURB-65
100_:..... o -
80
> 60
=
3
3
“ 40
20 Blbecmme
B Y _ AUC =0.873
E P : p <0.001
0 _'J.'.' . I I P T |
0 20 40 60 80 100

100-Specificity

Fig. 4. ROC-curve for the prognostic value of CURB-
65 score

various laboratory parameters, scores, and indices can
be used. In a similar study conducted by A. Singh et
al., the average values of NLR, PLR, and CRP were
higher in the group of patients with severe COVID-19
infection and a fatal outcome than in those with
moderate disease and discharged, respectively. It is
proposed to consider these indicators for predicting
a fatal outcome. MLR is not a reliable prognostic
biomarker, since when analyzing the ROC curve, the
AUC 95% CI was < 0.50. NLR, on the contrary, had
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the highest AUC (0.923), with the highest specificity
(0.83%) and sensitivity (0.88%) [21], which is
consistent with our data.

According to the study by O. Bardakci, the
group of deceased patients had higher CURB-65
scores compared to survivors, both in patients with
COVID-19-associated pneumonia and in patients
with community-acquired pneumonia  without
COVID-19 infection. It was assumed that NLR and
PLR are as reliable as the CURB-65 risk assessment
score [22]. Z. Wang et al. reported that NLR was an
easily accessible biomarker for predicting mortality
in patients with carbapenem-resistant K. pneumoniae
infection [23].

Inastudy by E. Cataudellaetal., NLR predicted 30-
day mortality in elderly patients with pneumonia (p <
0.001) and showed better results than the PSI score (p <
0.05), CURB-65 score, CRP, and leukocyte count (p <
0.001) [15]. However, there is also somewhat different
information. According to Y. Kaya et al., deceased
patients with community-acquired pneumonia had
higher NLR levels compared to survivors (13.5 £ 9
versus 7.9 + 6.8, p = 0.010). Still, when comparing
ROC curves, the prognostic value of NLR did not
exceed the CURB-65 and PSI scores [24]. According
to our data, NLR is a more sensitive indicator in
assessing the risk of an unfavorable outcome than the
CURB-65 score, and PLR and MLR are inferior to the
CURB-65 score in diagnostic accuracy. Considering
that NLR has greater sensitivity and the CURB-65
score has greater specificity, we believe it is optimal
to use them in combination.

CONCLUSION

In patients with pneumonia caused by
carbapenem-resistant K. pneumoniae, the prognosis
of a fatal outcome can be determined using laboratory
parameters (leukocytes, neutrophils, lymphocytes,
platelets, NLR, MLR, and PLR), as well as CURB-
65 score. Although this scoring system is widely used
and has proven itself as a simple way to assess the
patient’s condition and predict mortality and the need
for intensive care, it showed low specificity (47%)
and diagnostic accuracy (71.7%). Therefore, NLR (at
a level > 6) should be considered as the indicator of
choice that can be used at the first stage to predict a
fatal outcome of pneumonia caused by carbapenem-
resistant K. pneumoniae due to its high sensitivity
(85%) and specificity (87%) as well as due to ease of
use. In addition, the calculation of the CURB-65 score
can be used at NLR > 3.
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