CARBAPENEM-RESISTANT KLEBSIELLA PNEUMONIAE BLOODSTREAM
INFECTIONS: RETROSPECTIVE ANALYSIS

KAPBANEHEMYCTOUYUBbIE MUH®EKLIMXM KPOBOTOKA KLEBSIELLA
PNEUMONIAE: PETPOCMNEKTUBHbIA AHANKN3

Jlro lWyaH, Jlu Canny, M. B. Jlo6ali
Liu Shuang, Li Xiangpu, M. V. Lobai

YypexdeHue obpasosaHusi « MexOyHapoOHbIl 20cydapCcmeeHHbIU 3Kormoau4eckull uHcmumym
umeHu A. []. Caxaposa» Bbernopycckozo eocydapcmeeHHo20 yHusepcumema, MIrOU um. A. []. Caxaposa 6IY,
2. Munck, Pecnybnuka benapycb
liushuang55185@gmail.com

International Sakharov Environmental Institute of Belarusian State University, ISEI BSU
Minsk, Republic of Belarus

Bloodstream infections caused by carbamazepine-resistant Klebsiella pneumoniae (CR-CR) are a serious
clinical problem worldwide. The main problem in the treatment of bloodstream infections is the search for effective
antibiotic treatment regimens, since carbapenem resistance, Klebsiella pneumoniae, as a rule, has associated
resistance to many non-f-lactam antibiotics, and the bloodstream infections caused by them are accompanied by
high attributable mortality. Recent studies have shown that high-dose carbapenem, extended meropenem infusion,
and additional drugs such as aminoglycosides and colistin warrant investigation to increase treatment efficacy. In
addition, there is evidence that the use of carbapenems in combination with other active agents may reduce mortality,
especially when strains have low levels of resistance to these antimicrobials in vitro. Moreover, a number of reports
indicate that combination therapy is often more effective than monotherapy. Despite the promising prospects of
combination therapy, challenges remain in finding optimal and effective treatment regimens. This study highlights
the complexity of controlling bloodstream infections and highlights the need to find optimal strategies for their
therapy.

WNHdexum KpoBOTOKa, BBI3BAHHBIE YCTOWYMBOCTBIO Klebsiella pneumoniae x xapOamazenuny (KP-KIT),
TIPE/ICTABIIAIOT CO00M Cephe3HyI0 KIMHUYECKYIO podiaeMy Bo BceM Mupe. OCHOBHAs mpoOiieMa JIedeHHsT HHPEK-
LA KPOBOTOKA 3aKJIIOYAETCS] B MOUCKE d(P(PEKTUBHBIX CXEM JICUCHHs aHTHOMOTHKAMH, ITOCKOJIBKY YCTOHYMBOCTD
K kapbanenemam Klebsiella pneumoniae, kKak TpaBUIO0, IMEIOT aCCOMHPOBAHHYIO YCTOWYMBOCTh KO MHOTHM HE
[(-makTaMHBIM aHTHOMOTHKAM, @ BBI3bIBACMBIC UMM MH(MEKIIMN KPOBOTOKA COMPOBOXKIAIOTCSI BBICOKOI arpuOyTHB-
HOH JIeTasIbHOCTHI0. HeaBHue nccienoBanust oKas3aiy, YTo BEICOKHE JI03bl KapOalrieHeM, paciinpeHHoe HHY3H-
pOBaHNE MEPOIICHEMOM, @ TAK)Ke JIOTIOIHUTENIBHBIC [TPENapaThl, TAKHE KaK aMHHOIIMKO3UIBI U KOJTUCTHH, TPEOYIOT
HCCIeI0BaHus ISl yBenuueHus 3G dekTuBHOCTH JiedueHns. Kpome Toro, MMEIOTCs JaHHBIC YKa3bIBAIOIUE HA TO, YTO
UCIIOJIb30BaHUE KapOarieHEMOB B COYETaHUU C JPYTMMH aKTHBHBIMHU areéHTaMH MOXET CII0COOCTBOBATh CHUIKEHHIO
CMEPTHOCTH, OCOOCHHO KOTZIa MITaMMbI IMEIOT HU3KHH YPOBEHb YCTOWYMBOCTH K 3TUM ITPOTHBOMHKPOOHBIM TIpe-
naparawm in vitro. boinee Toro, psiJ1 COOOIIEHNIT CBUAETEILCTBYET O TOM, YTO KOMOMHUPOBAHHAS TEPAIHS YacTo Oosiee
a¢dexTrBHA, YeM MOoHOTepanusi. HecMoTpss Ha MHOTOOOeIatomye NepCeKTHBE KOMOMHUPOBAHHOM TEpamiH, COo-
XPaHAIOTCS MPOOJIEMBI B TTOUCKE ONTHMAIBHBIX U 3()(EKTUBHBIX CXEM JICUCHHUS. DTO UCCIEAOBAHUE MTOAYCPKHBACT
CJIOHOCTh OOpBHOBI ¢ MHMEKIMIMHI KPOBOTOKA M ITOAYEPKUBACT HEOOXOANMOCTD ITONCKA ONTHMAJIBHBIX CTpaTeruii
JUTSL MX TePaITUH.
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Bloodstream infection denotes the presence of pathogenic microorganisms in a patient’s blood, whether or not
accompanied by symptoms or signs of infection. Positive blood cultures are typically indicative of such infections,
which can progress to severe conditions like sepsis, septic shock, bacteremia, and multiple organ dysfunction syndrome
(MODS), often culminating in high mortality rates. This poses a substantial global public health burden, necessitating
effective diagnostic and treatment strategies [1].

At present, blood culture remains the cornerstone for diagnosing bloodstream infections, crucially facilitating the
isolation of infecting pathogens and guiding precise treatment plans through antimicrobial susceptibility testing .
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Carbapenems stand out as broad-spectrum antibiotics renowned for their potent antibacterial activity against both
aerobic and anaerobic bacteria. Particularly noteworthy is their efficacy against multidrug-resistant Gram-negative bacilli,
earning them the moniker “last line of defense” against bacterial resistance.

Klebsiella pneumoniae, a member of the Enterobacteriaceae family, emerges as a common opportunistic pathogen
with clinical significance. While primarily colonizing the respiratory tract, it can also inhabit various bodily sites, including
the urinary, gastrointestinal, reproductive tracts, as well as the bloodstream and nervous system. Notably, Klebsiella
pneumoniae infections, especially bloodstream infections, exhibit alarmingly high mortality rates, reaching 37-50 %.

The focal point of this study lies in the analysis of drug resistance patterns and risk factors associated with mortality
in carbapenem-resistant Klebsiella pneumoniae (CR-KP) bloodstream infections. For patients necessitating treatment
with multiple antibiotics concurrently, in vitro combination sensitivity tests are conducted to facilitate prompt empirical
antibacterial therapy. Adjustments to treatment regimens are then made based on susceptibility results, highlighting the
feasibility of certain combination therapies in clinical practice.

Clinical data of patients diagnosed with carbapenem-resistant Klebsiella pneumoniae (CR-KP) bloodstream infections
and admitted to Shaanxi Provincial People’s Hospital between January 2020 and December 2020 were screened. All
patients had bloodstream infection of multidrug-resistant Klebsiella pneumoniael Iwhich was the most basic eligibility
criterion for the study.

Patients meeting the following criteria were included: having at least one positive blood culture for CRKP, meeting
diagnostic criteria for bloodstream infection (body temperature >38°C or <36°C, possibly accompanied by chills),
and presenting with one of the following: (1) Evidence of invasion portal or metastatic foci; (2) Isolation and culture
results indicating Klebsiella pneumoniae bacterial strain concentration >10"(7) CFU/ml; (3) Demonstrated resistance to
meropenem and/or imipenem based on susceptibility results(with imipenem and meropenem resistance as the criteria for
carbapenem resistance), confirming CR-KP positivity.

Additionally, patients exhibiting rash or petechiae, hepatosplenomegaly, and increased neutrophil count with left
shift in blood without other explanatory causes were included. Cases with multiple pathogenic microorganisms isolated
from blood cultures were excluded.

Initially, there were more than 400 cases of Klebsiella pneumoniae bloodstream infection. After the first grouping,
a variety of medical records that did not meet the criteria was excluded, and 102 patients with carbapenem-resistant
bloodstream infection were sorted out. After the second grouping according to the exclusion criteria, two groups of
91 patients survived and 11 patients died due to treatment failure were analyzed. Subsequently, according to the direction
of the study, 11 patients with CR-KP bloodstream infection who died were selected for the study.

Collection of clinical data encompassed demographic characteristics (gender and age) of patients, department of onset
of bloodstream infection (intensive care unit [ICU] or non-ICU), source of bloodstream infection, clinical manifestations
(presence of septic shock), bacterial resistance and susceptibility analysis, antibacterial drug treatment regimen, and
effectiveness of anti-infection measures.

General data: all 11 patients included in the study presented with carbapenem-resistant Klebsiella pneumoniae
(CRKP) bloodstream infections. Among them, 4 were male and 7 were female, with ages ranging from 59 to 85 years.
Distribution by department revealed 6 cases in the intensive care unit (ICU) and 5 cases in non-ICU departments. The
sources of infection were identified as the urinary tract (4 cases), lungs (5 cases), and central venous catheter-related
(2 cases). Notably, six patients developed septic shock during the course of their illness.

Drug sensitivity results: antimicrobial susceptibility test and zymogram analysis of CRKP isolated from 11 patients
were performed. The results of drug sensitivity test shown that microbial strains were sensitive to tigecycline, but all of
them were resistant to imipenem and meropenem, and some strains were sensitive to fosfomycin. In addition, CRKP
strains from 11 patients were zymogram analyzed, and 10 were KPC-type, of which one was zinc-dependent metal-like
B-lactamase (MBLs), a minimally resistant phenotype that is rare and rarely observed even in clinical isolates because
MBL producers often have other mechanisms that increase the level of carbapenem resistance.

Biochemical and serological data: all the patients in this study had elevated white blood cells count, C-reactive
protein, serum amyloid A and procalcitonin (CRP, SAA, and PCT respectively) values. When compared the PCT values
before and after antibiotic treatment in this patient, it was found that the PCT value was high before death and did not
decrease, which supports the limited efficacy of tigecycline-combined antibiotic therapy against CR-KP strains.

Carbapenem-resistant Klebsiella pneumoniae (CR-KP) poses a significant global health threat, commonly mediated
by the production of KPC enzymes, which hydrolyze carbapenems and other B-lactam antibiotics [2, 3]. Studies report
lower survival rates in patients receiving combination therapy compared to monotherapy, especially in high-risk patients.
However, the most effective combination regimen remains uncertain [2, 3]. All microbial strains will be tested for drug
resistance, and the drug will be adjusted according to the results of dr g resistance and the clinical situation.

In our study, most patients received tigecycline-based combination therapy, had severe status and subsequently died.
Interestingly, some studies suggest that tigecycline-containing regimens may even increase mortality rates in CR-KP
bloodstream infections, possibly due to factors like higher illness severity scores and suboptimal serum concentrations [2, 4].

In this study, tigecycline was almost the only antibiotic available that was sensitive (some patients were sensitive to
fosfomycin), so most patients were treated with tigecycline plus other antibiotics (fosfomycin or polymyxin and so on).
Predictions were made based on the results that the main cause of death was bloodstream infection caused by carbapenem-
resistant Klebsiella pneumoniae, which was almost pansusceptible to antibiotics, making it difficult to choose antibiotic
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treatment and facing a possible “no cure” state in clinical treatment, where the patient had no high-order antibiotics to
treat the disease. In the literature there was also raised the possibility that the use of tigecycline may increase mortality, so
it should be discussed whether the use of tigecycline is also a factor in the death of patients.

It is worth mentioning that there are still imperfections in this study. The interpretation of the survey results in this
study is limited by the sample size, and the KP resistant strains have geographical differences and resistance migration.
In future studies, large samples, multi-center and multi-region in-depth studies are needed to further investigate the death
of patients caused by CR-KP.

In the past few decades, the interaction of multiple mechanisms has made KP resistant to carbapenems. More targeted
new antibiotics are being developed, and it is believed that the worldwide problem of CRKP treatment will be solved as
soon as possible in the near future.

In described case with 11 patients with blood-born CR-KP antibiotic treatment plan was dynamically adjusted
according to the drug sensitivity results of the laboratory, and the tigecycline-based combination of different antibiotics
was used. Nevertheless that gave little effect, and eventually all these patients died due to the aggravation of bloodstream
infection and various complications.
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BaknunupoBanue cuutaetrcst 3PQGEKTUBHBIM METOJIOM MPEAOTBPAIEHUS U KOHTPOJISI PAaCIpPOCTPAHEHUS] WH-
(hekMoHHBIX 3200JIeBaHUM, B TOM YHCJIe BhI3BaHHBIX BUpycoM SARS-CoV-2. B crarbe mpejcraBieHa TUHAMHKA
KJICTOK MaMsATH y 15-Ti BakunHUpoBaHHBIX BakuuHOHN «Vero Cell» u «CryTHuk JlaiiT» B kauecTBe Oycrepa go0po-
BOJIBIICB. YCTaHOBJICHO YBEIMUEHUE HAUBHBIX B KIETOK-TTaMsITH, TNIa3MOOIACTOB € TEHICHIIMEH K YBEITMUSHHUIO TEP-
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