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Abstract: Bacteremia and fungemia are significant causes of morbidity and mortality which
frequently occur as co-infections with viral respiratory infections including SARS-CoV-2. It was
aimed to evaluate the microorganisms isolated from blood cultures of SARS-CoV-2 positive and
negative patients and investigate their antimicrobial resistance patterns. A retrospective analysis
was performed with the total number of 22,944 blood cultures sent to the laboratory between
November 2020 and December 2021. Blood cultures were performed on the BD Bactec automated
system. Identification was performed using conventional methods, VITEK-2 and MALDI-TOF MS.
Antibacterial/antifungal susceptibility tests were performed according to EUCAST/CLSI
recommendations. SARS-CoV-2 tests were performed with RT-PCR. It was detected 1,630 culture
positivity belonging to 652 patients. Totally 633 of 652 patients were tested for SARS-CoV-2; 118
(18.6%) were positive and 515 (81.3%) were negative. The bacteria and fungi isolated at the highest
rate in SARS-CoV-2 positive patients were methicillin-resistant coagulase negative staphylococci
(MR-CoNS) (21.5%), Escherichia coli (12.4%), Klebsiella pneumoniae (12.4%), Candida albicans (1.65%)
and Candida glabrata complex (1.65%); while in negative patients, E. coli (21.3%), MR-CoNS (13.5%),
K. pneumoniae (12.05%), C. albicans (2.1%), Candida parapsilosis (1.1%) and Candida tropicalis (0.9%).
The fact that the most common isolate was MR-CoNS in SARS-CoV-2 positive patients (p = 0.028);
the detection of Acinetobacter baumannii was more frequent (p = 0.001) and the isolation of
carbapenem-resistant K. pneumoniae was at a higher rate than in SARS-CoV-2 negative patients; also,
the increase in multidrug-resistant strains indicate that healthcare-associated infections should not
be disregarded while focusing on the outbreak.

Keywords: blood culture; SARS-CoV-2; COVID-19; co-infection; antimicrobial resistance

1. Introduction

Bacteremia and fungemia, which frequently occur as co-infections during viral respiratory tract
infections including SARS-CoV-2, are significant causes of morbidity and mortality. These co-
infections may be healthcare-associated due to prolonged hospitalization and intensive care
requirements [1]. Data show that these culture-proven infections occur in 4-15% of hospitalized
COVID-19 patients and are significantly associated with mortality [2]. Pathogens often display a
multidrug-resistant phenotype such as carbapenem-resistant Enterobacterales (CRE) and this can
cause problems in the antimicrobial treatment processes [2].

SARS-CoV-2 infection can also occur as a co-infection secondary to bacterial infection or bacterial
super-infection may develop secondary to SARS-CoV-2 infection, depending on the host, virus, and
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bacterial factors. Bloodstream infections (BSIs) in COVID-19 patients may be associated with systemic
dissemination of co-pathogens caused by SARS-CoV-2- induced tissue destruction [3].

In patients with severe febrile illness, blood cultures are still essential for ruling out
bacterial/fungal infections. However, there are a few data on the prevalence of bacterial and fungal
agents causing BSI in patients infected with SARS-CoV-2 [4,5]. Also, it is important to evaluate these
infections to guide appropriate empirical antimicrobial treatment at the time of presentation [4]. In
these patients, despite little evidence of a bacterial cause of infection, there is overwhelmingly
prescribed empirical antimicrobial treatments. So, determination of the prevalence of bacterial co-
infections and the susceptibility results are likely to provide important information regarding the
need for and choice of antibiotics.

The aim of the study is to evaluate the microorganisms isolated from blood cultures of SARS-
CoV-2 positive and negative patients, investigate their antimicrobial resistance patterns and to
compare the findings of these two patient groups by determining the rates of bacteremia and
fungemia.

2. Materials and Methods

2.1. Study population

A retrospective analysis was performed with a total of 22,944 blood cultures sent to the
laboratory between November 2020 and December 2021. When defining BS], if a species belonging
to the skin flora was found among the isolated microorganisms, it was considered that the same
species should be recovered in at least two blood cultures collected from the same patient within 24
hours, according to Centers for Disease Control and Prevention (CDC) criteria [6]. The growth of
these microorganisms in a single blood culture within 24 hours was considered as contamination
except in the neonatal period [7].

2.2. Blood culture

Blood cultures were performed on the BD Bactec FX (Becton Dickinson, USA) automated system
and cultures were incubated for up to five days. Under special circumstances (for Brucella spp., etc.)
cultures were incubated longer than standard procedure. All positive blood cultures were
subcultured to 5% Columbia sheep blood agar (Becton Dickinson, USA) and incubated at 35-37 °C
under 5-10% CO: atmosphere for 48 h. Anaerobic positive blood cultures were subcultured
additionally to anaerobic media and incubated at 35-37 °C under anaerobic atmosphere for 48 h. If
there was no growth on initial media, the blood cultures were subcultured onto chocolate agar
(incubated at 35-37 °C under 5-10% CO: atmosphere for 48 h) for the isolation of fastidious
microorganisms and blood agar (incubated microaerobically at 35-37 °C for 48 h) for Campylobacter
species.

2.2.1. Identification of bacterial and fungal isolates

Bacterial identification was performed using conventional methods and/or VITEK-2 Compact
system (bioMérieux, France). Fungi isolated from Myco F or aerobic bottles were identified by
morphological examination on cornmeal agar with Tween 80 and API ID 32C (bioMérieux, France).
Additionally, MALDI-TOF MS (bioMérieux, France) was used to confirm the rare bacterial isolates
and/or fungi that could not be identified by other methods.

2.2.2. Antimicrobial Susceptibility Testing

Antibacterial susceptibilities of the isolates were investigated by standard Kirby-Bauer disk
diffusion method and VITEK-2 Compact system (bioMérieux, France) when necessary. Antifungal
susceptibility was tested with the gradient test method using Roswell Park Memorial Institute
medium (RPMI-1640) (Sigma-Aldrich, USA) in order to detect minimum inhibitory concentrations
(MICs). Antibacterial and antifungal susceptibility tests were carried out and evaluated in accordance
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with EUCAST/CLSI criteria [8-11]. “Intermediate (I): susceptible, increased exposure” strains of
bacteria were considered as susceptible. Since there are no clinical breakpoints for Candida auris, the
MICs were evaluated according to the tentative breakpoints determined by CDC [12].

2.3. Patients” COVID-19 diagnoses

COVID-19 status was confirmed by SARS-CoV-2 real-time polymerase chain reaction (RT-PCR)
test positivity in nasopharyngeal and oral swabs.

2.4. Statistical Analysis

SPSS 15.0 for Windows was used for statistical analysis. Descriptive statistics were given as
numbers and percentages for categorical variables. Proportions were compared with the chi-square
(x?) test in independent groups. The statistical alpha significance level was considered as p < 0.05.

2.5. Ethical Approval

The research was approved by University of Health Sciences Istanbul Training and Research
Hospital Ethics Committee (protocol code: 63 and date of approval:11.02.2022).

3. Results

In a total of 22,944 blood cultures, 1,630 culture positivity belonging to 652 patients were
detected. Of the 652 patients (321 outpatients and 331 inpatients), 633 were tested for SARS-CoV-2;
118 were positive (18.6%; 45 females, 73 males; mean age: 62.7 years) and 515 were negative (81.3%;
247 females, 268 males; mean age: 61.7 years).

SARS-CoV-2 positive (38 of 118 patients) and SARS-CoV-2 negative (243 of 515 patients) patients
were most frequently internal medicine outpatients. The distribution of clinics and intensive care
units (ICU) where the blood samples were collected is given in the Table 1.

Table 1. Distribution of SARS-CoV-2 (+) and SARS-CoV-2 (-) patients according to clinics.

Clinics Unit SARS CoV-2(+) SARS CoV-2(-) Not tested
) Surgical 24 96 -

Inpatient

Internal 19 69 3

Surgical - 26 -
Outpatient

Internal 38 243 14
Intensive ~ Surgical 5 43 1
Care Unit  Internal 32 38 1

A total of 671 pathogens were isolated from the patients. Of these, 252 were fermentative Gram-
negative rods, 66 were non-fermentative Gram-negative rods, 300 were Gram-positive cocci, three
were Gram-positive rods, seven were anaerobic bacteria, and five were other bacterial species [Listeria
monocytogenes (n:2), Campylobacter coli (n:1), Campylobacter jejuni (n:1), and Moraxella nonliquefaciens
(n:1)], totaling 633 bacteria (94.3%). Fungi were isolated from the blood cultures of 38 (5.7%) patients.
The isolated microorganisms and their antimicrobial resistance patterns are shown in Tables 2, 3 and

Figure 1.
Table 2. Distribution of bacteria and fungi isolated from blood cultures.
SARS-CoV-2
Total . SARS-CoV-2 SARS-CoV-2 Positive VS.
Microorganisms Positive [n .
[n(%)] Negative [n (%)] Non tested [n (%)] Negative

(%)]
All microorganisms 671 (100) 121 (18) 531 (79.1) 19 (2.8) p value
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Fermentative Gram- 252 (37.5) 34 (28) 214 (40.3) 4 (21) 0.012
negative rods
Escherichia coli 131 (19.5) 15 (12.4) 113 (21.3) 3(15.8) 0.026
Klebsiella pneumoniae’/ 80/38 (11.9/5.6) 15/9 (12.4/7.4) 64 /28 (12.05 /5.3) 1/1 (5.3/5.3) 0.917
Carbapenem-resistant K. 0.3532

pneumoniae?

Klebsiella oxytoca 5(0.7) 0 (0.0) 5(0.9) - 0.590
Enterobacter spp. 7 (1.05) 1(0.8) 6 (1.1) - 0.770
Serratia marcescens 1 (0.15) 0(0.0) 1(0.2) - 1.000
Serratia spp. 2 (0.3) 0 (0.0) 2(0.4) - 1.000
Citrobacter spp. 3(0.45) 0(0.0) 3(0.6) - 1.000
Citrobacter koseri 1 (0.15) 0(0.0) 1(0.2) - 1.000
Proteus mirabilis 13 (1.9) 1(0.8) 12 (2.3) - 0.309
Morganella morganii 3 (0.45) 0 (0.0) 3(0.6) - 1.000
Raoultella planticola 1(0.15) 0 (0.0) 1(0.2) - 1.000
Aeromonas spp. 1(0.15) 0(0.0) 1(0.2) 1.000
Salmonella Enteritidis 4(0.6) 2 (1.65) 2(0.4) - 0.105
Non-Fermentative Gram- 66 (9.8) 16 (13.2) 48(9) 2(10.5) 0.163

negative rods

Pseudomonas aeruginosa 25 (3.7) 2 (1.65) 23 (4.3) - 0.166
Pseudomonas stutzeri 1 (0.15) 0(0.0) 1(0.2) - 1.000
Pseudomonas spp. 5(0.7) 2 (1.65) 3(0.6) - 0.216
Acinetobacter baumannii 14 (2.1) 7(5.8) 6(1.1) 1(5.3) 0.001
Acinetobacter lwoffii 1(0.15) 0(0.0) 1(0.2) - 1.000
Acinetobacter spp. 4 (0.6) 2 (1.65) 2(0.4) - 0.105
Rhizobium radiobacter 2 (0.3) 2 (1.65) 0(0.0) - 0.034
Achromobacter xylosoxidans 1(0.15) - - 1(5.3) -
Ochrobactrum anthropi 1(0.15) 0 (0.0) 1(0.2) - 1.000
Sphingomonas paucimobilis 2 (0.3) 0 (0.0) 2 (0.4) - 1.000
Stenotrophomonas maltophilia 7 (1.05) 1(0.8) 6(1.1) - 0.770
Burkholderia cepacia 1(0.15) 0 (0.0) 1(0.2) - 1.000
Pandoraea spp. 1 (0.15) 0(0.0) 1(0.2) - 1.000
Non-Fermentative Gram- 1 (0.15) 0(0.0) 1(0.2) - 1.000
negative rod

Gram-positive cocci 300 (44.7) 59 (48.8) 231 (40.1) 10 (52.6) 0.294
Methicillin resistant 27 (4.0) 3(2.5) 24 (4.5) - 0.309

Staphylococcus aureus

Methicillin sensitive 53 (7.9) 7(5.8) 43 (8.1) 3(15.8) 0.388
Staphylococcus aureus

Methicillin resistant 102 (15.2) 26 (21.5) 72 (13.5) 4 (21.05) 0.028
coagulase negative

staphylococcus
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Methicillin sensitive 49 (7.3) 12 (9.9) 35 (6.6) 2 (10.5) 0.202
coagulase negative
staphylococcus
Enterococcus faecalis 12 (1.8) 2 (1.65) 10 (1.9) - 0.865
Enterococcus faecium 12 (1.8) 3(2.5) 9(1.7) - 0.562
Enterococcus avium 4 (0.6) 0 (0.0) 4 (0.75) - 1.000
Enterococcus gallinarum 3(0.45) 1(0.8) 2 (0.4) - 0.509
Enterococcus spp. 16 (2.4) 2 (1.65) 14 (2.6) - 0.528
Streptococcus pneumoniae 4 (0.6) 2 (1.65) 2(0.4) - 0.105
Streptococcus agalactiae 3(0.45) 0(0.0) 3(0.6) - 1.000
Streptococcus gallolyticus 2 (0.3) 0 (0.0) 2(0.4) - 1.000
Streptococcus equi 1(0.15) 1(0.8) 0 (0.0 - 0.186
Leuconostoc 2(0.3) 0 (0.0) 1(0.2) 1(5.3) 1.000
pseudomesenteroides
Alpha hemolytic 7 (1.05) 0(0.0) 7 (1.3) - 0.359
streptococcus
Beta hemolytic 2 (0.3) 0 (0.0) 2 (0.4) - 1.000
streptococcus
Non-hemolytic 1 (0.15) 0(0.0) 1(0.2) - 1.000
streptococcus
Gram-positive rods 3 (0.45) 1(0.8) 2(0.4) 0 (0) 0.509
Corynebacterium jeikeium 1 (0.15) 0(0.0) 1(0.2) - 1.000
Corynebacterium striatum 1 (0.15) 0(0.0) 1(0.2) - 1.000
Lactobacillus casei 1(0.15) 1(0.8) 0 (0.0) - 0.186
Other bacteria 5(0.7) 2 (1.65) 3(0.6) 0(0) 0.216
Listeria monocytogenes 2(0.3) 1(0.8) 1(0.2) - 0.251
Campylobacter coli 1(0.15) 1(0.8) 0 (0.0) - 0.186
Campylobacter jejuni 1(0.15) 0 (0.0) 1(0.2) - 1.000
Moraxella nonliquefaciens 1(0.15) 0 (0.0) 1(0.2) - 1.000
Anaerobic bacteria 7 (1.05) 1(0.8) 6 (1.13) 0(0) 0.770
Bacteroides fragilis 1(0.15) 0 (0.0) 1(0.2) - 1.000
Bacteroides spp. 1 (0.15) 0(0.0) 1(0.2) - 1.000
Prevotella spp. 2 (0.3) 0 (0.0) 2(0.4) - 1.000
Clostridium clostridioforme 1 (0.15) 0(0.0) 1(0.2) - 1.000
Fusobacterium nucleatum 1 (0.15) 0(0.0) 1(0.2) - 1.000
Anaerobic Gram-positive 1 (0.15) 1(0.8) 0 (0.0) - 0.186
rod
Fungi 38 (5.7) 8 (6.6) 27 (56.1) 3(15.8) 0.501
Candida albicans 15 (2.2) 2 (1.65) 11 (2.1) 2 (10.5) 0.766
Candida parapsilosis complex 7 (1.05) 1(0.8) 6 (1.1) - 0.770
Candida tropicalis 6 (0.9) 0 (0.0) 5(0.9) 1(5.3) 0.590
Candida kefyr 2 (0.3) 1(0.8) 1(0.2) - 0.252

Candida glabrata complex 2(0.3) 2 (1.65) 0(0.0) - 0.034
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Candida metapsilosis 1(0.15) 0(0.0) 1(0.2) - 1.000
Candida krusei 1(0.15) 1(0.8) 0 (0.0) - 0.186
Candida auris 1(0.15) 1(0.8) 0 (0.0) - 0.186
Kodamaea ohmeri 1 (0.15) 0(0.0) 1(0.2) - 1.000
Cryptococcus neoformans 1 (0.15) 0(0.0) 1(0.2) - 1.000
Rhodotorula spp. 1 (0.15) 0(0.0) 1(0.2) - 1.000

Table 3. Antifungal resistance profiles of fungal isolates.

Fungi Antifungal MIC, pg/ml
Species Strai Fluconazo Posaconaz  Voriconaz  litraconaz ~ Amphoteri Caspofung Anidulafun
(tested/tot n No le ole ole ole cin B in gin
aln)
Candida 1 2(S) 0.0642 0.25 (I) - 0.52 (WT) 0.016 (S) 0.012 (S)
albicans (NWT)
(7/15) 2 2(S) 0.0642 0.047 (S) - - - -
(NWT)
3 0.75(S) - - - - 0.5 (I) -
4 2(S) - - - 0.252 (WT) 0.5 (I) 0.012 (S)
5 1,5 (S) - - - - - -
6 - 0.25 1(R) - - 0.065 (S) -
(NWT)
7 0.125(S) - - - 0.0472 (WT) 0.096 (S) 0.003 (S)
Candida 1 0.75(S) - - - 0.252 (WT) 0.75(S) -
parapsilo 2 >256 (R) 0.192 (WT) 0.5 (I) 2¢ 0.752 (WT) 0.38 (S) 0.75 (S)
sis 3 24 (R) 0.252 (WT) 0.75 (S)
complex
(3/7)
Candida 1 0.5 (S) - 0.008 (S) - 0.252 (WT) 0.094 (S) 0.008 (S)
tropicalis 2 0.5 (S) - - - 0.252 (WT) - 0.008 (S)
(2/6)
Candida glabrata 1.5 (SDD) - 0.0322 (WT) - - 0.25 (I) -
complex (1/2)
Candida auris  >256 (R) 0.016¢ 0.19¢ 0,19¢ 3([R) 1(S) 0.094 (S)
(1/1)e
Cryptococcus 82 (WT) - - - 0.52 (WT) - -

neoformans (1/1)

MIC: Minimal inhibitory concentration; n: Number of isolates; a: Epidemiological cut-off values (ECVs) ; b: MICs
were evaluated according to te tentative breakpoinst determined by CDC; c: There are no clinical breakpoints or
ECVs; S: Susceptible; I: Intermediate; R: Resistant; SDD: Susceptible-dose dependent; WT: Wild type; NWT: Non-
wild type.

The microorganisms isolated at the highest rate in SARS-CoV-2 positive patients were
methicillin-resistant coagulase negative staphylococci (MR-CoNS) (21.5%), Escherichia coli (12.4%),
Klebsiella pneumoniae (12.4%), Candida albicans (1.65%) and Candida glabrata complex (1.65%); while in
negative patients E. coli (21.3%), MR-CoNS (13.5%), K. pneumoniae (12.05%), C. albicans (2.1%), Candida
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parapsilosis (1.1%) and Candida tropicalis (0.9%). Cultures from 15 patients had polymicrobial growth,
and five of them were SARS-CoV-2 positive (Table 4). E. coli was more common (p = 0.026) in the PCR
negative group, whereas MR-CoNS were found to be higher (p = 0.028) in the PCR positive group.
The rate of carbapenem-resistant isolates among K. pneumoniae strains was 60% and 43.75% in SARS-
CoV-2 positive and negative patients, respectively (p > 0.05). Acinetobacter baumannii was detected at
the rate of 5.8% in SARS-CoV-2 positive patients and 1.1% in SARS-CoV-2 negative patients (p =
0.004) (Table 2). Imipenem and meropenem resistance in A. baumannii isolates were detected in six of
seven SARS-CoV-2 positive and all of (n=6) the SARS-CoV-2 negative patients.

Table 4. Distribution of polymicrobial growths detected in patients.

Unit Microorganism
Surgical (n=1) Candida krusei, Kodamea ohmeri
Inpatient (n=3) Internal (n=2) Proteus mirabilis, Escherichia coli
o Klebsiella pneumoniae, Candida Qlabrata complex
" p 8 p
E Surgical (n=1) Candida glabrata complex, Candida albicans
+
X Internal (n=3) Streptococcus pneumoniae, Escherichia coli
>
§  Outpatient (n=4) Candida kefyr, Enterococcus gallinarum, Enterococcus
%’ faecium
2 Escherichia coli, Enterobacter spp.
Surgical (n=0) -
Intensive Care Unit (n=1)
Internal (n=1) Enterococcus spp., Candida albicans
Surgical (n=2) Candida albicans, Candida parapsilosis
Inpatient (n=1) Escherichia coli, Candida parapsilosis
'II:I* Internal (n=1) Pseudomonas aeruginosa, Acinetobacter spp.
é Surgical (n=1) Citrobacter spp., Klebsiella oxytoca
\o.: Internal (n=4) Raoultella planticola, Escherichia coli
>
L? Outpatient (n=5) Klebsiella pneumoniae, Enterococcus spp.
2 Enterococcus spp., Escherichia coli, MSSA*
<
n

Enterococcus spp., Escherichia coli

Surgical (n=0) -

Intensive Care Unit (n=1)
Internal (n=1) Proteus mirabilis, Klebsiella pneumoniae

*Methicillin sensitive Staphylococcus aureus.

Three species that were isolated at the highest rate among fungi were C. albicans (39.47%;
n:15), C. parapsilosis (18.42%; n:7), and C. tropicalis (15.78%; n:6). Moreover, C. auris was isolated from
a COVID-19 patient at intensive care unit. Susceptibility tests were performed for 15 of the isolated
fungi against antifungals requested by the clinician (Table 3). Among seven C. parapsilosis complex
isolates, three isolates tested for antifungal susceptibilities and in two of them resistance to
fluconazole was detected. Posaconazole and voriconazole susceptibilities were determined in
three C. albicans isolates. One isolate was detected resistant to voriconazole and three of them had
MIC values above the ECVs for posaconazole. The C. auris isolate was resistant to fluconazole, and
amphotericin B.
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Figure 2. Antibiotic resistance profiles of the most frequently isolated bacteria. (a) Escherichia coli; (b)
Klebsiella pneumoniae; (c) Pseudomonas aeruginosa; (d) Enterococcus spp.; (e) Methicillin resistant
Staphylococcus aureus; (f) Methicillin resistant coagulase negative staphylococcus.

4. Discussion

COVID-19 pandemic has posed a devastating burden on healthcare system [14]. By affecting the
epidemiology of other infections, the pandemic may have been reflected in health services as altered
courses of bacteremia and fungemia. There are ongoing studies examining the distribution of
bacterial and fungal agents as well as their resistance profiles in BSIs among COVID-19 patients. In
these studies, it was stated that the agents isolated from COVID-19 patients were organisms that
reflected the commensal skin microbiota at a high rate [15,16]. Moreover, increased and prolonged
hospitalizations during the pandemic period have increased healthcare-associated infections
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together with the isolation of multi-drug-resistant microorganisms, leading to an increase in
antibiotic consumption by the patients [17,18].

Taking into account the importance of antimicrobial management in preventing the emergence
of antimicrobial resistance, assessment of the prevalence and epidemiological characteristics of
bacterial co-infection is crucial in the guidance of the appropriate empirical antibiotic therapy in the
presence of an infection. Antimicrobial drugs can be prescribed either prophylactically or
preemptively especially in ICU patients. In a study involving patients hospitalized in ICUs from 88
different countries, despite the suspicion or the presence of bacterial co-infection among only 54% of
the patients, treatment or prophylaxis with at least one antibiotic was implemented for 70% of them
[19]. In another study that was carried out on COVID-19 patients, antibiotics were prescribed for 72%
of the patients although only 8% of them had confirmed bacterial or fungal co-infection [19].
Improper use of antibiotics may also lead to the emergence of resistance in bacteria and side effects
among patients.

In the present study, the number of patients hospitalized in the ICU was 120, of whom 37 were
SARS-CoV-2 positive. In a study performed during the pandemic period, although Enterococcus spp.,
Staphylococcus aureus, K. pneumoniae and C. albicans were found at higher rates compared to pre-
pandemic era, community acquired BSIs were reported to be higher in individuals who were SARS-
CoV-2-negative (15.8 per 1000 admissions) than those who were positive (9.6 per 1000 admissions)
[20]. In the present study, microorganisms were detected in 79.1% and 18% of the blood cultures of
SARS-CoV-2 negative individuals and positive patients, respectively. In addition, lower rates of
fermentative Gram-negative bacilli and E. coli (p = 0.012, p=0.026, respectively), and higher rates of
A. baumannii, MR-CoNS, Rhizobium radiobacter and C. glabrata complex (p = 0.001, p =0.028, p =0.034,
p = 0.034, respectively) were found in SARS-CoV-2 positive patients compared to SARS-CoV-2
negative patients in all clinics. In parallel to the other studies, MR-CoNS (21.5%) was isolated at the
highest rate from the blood samples of SARS-CoV-2 patients. For example, in the study of Michailides
et al. [21] in patients with Covid-19; CoNS, and K. pneumoniae together with A. baumannii, were the
most frequently isolated bacteria in early and late (>5 days) nosocomial bacterial infections,
respectively. Bahceci et al. [22] isolated CoNS (31%) and A. baumannii (27.5%) at higher rates. In the
present study, A. baumannii strains were isolated at higher frequencies in COVID-19 positive patients
than in those who were negative.

Segala et al. [23] reported higher incidence rates of nosocomial BSIs related to S. aureus and
Acinetobacter spp. in pre-pandemic era among COVID-19 negative patients in wards compared to
COVID-19 positive patients who were hospitalized in ICUs during the pandemic period (0.3 [%95 CI
0.21-0.32] and 0.11 [0.08-0.16] new infection per 100 patient/day, respectively) but 48% lower incident
risk of E. coli infections in COVID-positive wards. E. coli isolation rate was found to be higher in
patients who were SARS-CoV-2 negative (p = 0.026) in this study.

The presence of bacterial and fungal co-infections has been reported to increase the mortality of
the patients with severe COVID-19 [21,24]. CoNS (OR: 25.39), non-albicans Candida species (OR: 11.12),
S. aureus (OR: 10.72), Acinetobacter spp. (OR: 6.88), Pseudomonas spp. (OR: 4.77), and C. albicans (OR:
3.97) were isolated from the cases [24].

According to the COVID-19 special report published by the CDC in 2022, which investigated the
impact of COVID-19 on antimicrobial resistance, there was a 35% increase in carbapenem-resistant
Acinetobacter infections compared to 2019 and 2020, and a 78% increase in nosocomial infections,
while a 35% increase in carbapenem-resistant Enterobacterales infections was reported [18].

The situation shows that the isolation rates of carbapenem-resistant K. pneumonia and A.
baumannii strains should not be overlooked in healthcare-associated infections among SARS-CoV-2
positive patients [25,26]. Following up the antibiotic resistance rates has been of great importance due
to the increase in the isolation of multi-drug resistant strains. In a study carried out on COVID-19
positive patients, 48% (n=38/79) of S. aureus and 40% (n=10/25) of K. pneumoniae isolates were found
to be resistant to methicillin and carbapenems, respectively [23]. On the other hand, in our study MR-
CoNS was isolated from SARS-CoV-2 positive patients at a significantly higher rate (21.5%) but
statistically significant difference was not detected in the isolation rate of S. aureus and methicillin
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resistance rate of the isolates between COVID-19 positive patients and SARS-CoV-2 negative
individuals. In another study, meropenem resistance in K. pneumoniae strains isolated from the
patients in ICU was reported to increase from 79.8% in 2019 to 92.4% in 2022. Moreover, meropenem
resistance rates of A. baumannii was determined to increase from 92.6% in 2018 to 97.9% in 2022 in
ICU and from 82.3% to 91.6% in wards (p < 0.001) [25]. In our study, imipenem resistance of K.
pneumoniae isolates was found to be 66.7% and 45.3% (p = 0.137) whereas meropenem resistance was
66.7% and 43.8% (p = 0.110) in SARS-CoV-2 positive and negative individuals, respectively. A great
majority of A. baumannii isolates were resistant to imipenem and meropenem in both SARS-CoV-2
positive and negative patients.

Since fastidious bacteria cannot grow on standard media, the isolation of such microorganisms
from blood cultures is closely associated with the media used for subculture and incubation
conditions [7]. Fastidious bacteria isolated in our study shows the importance of using additional
enriched media and various incubation conditions.

Species level identification of not only bacteria but also fungi isolated from blood cultures is
important in predicting the antifungal resistance of the isolates. As found in the present study, it is
noteworthy that C. auris, a species that is resistant to numerous antifungal drugs which can cause
fatal outbreaks in the ICU, has been reported during the COVID-19 pandemic [13,27-30]. Moreover,
in a study that investigated fungal colonization in different body parts of COVID-19 patients
hospitalized in the ICU, it was reported that the presence of colonization with non-albicans Candida
species which can be associated with treatment failures due to the antifungal resistance, was
significantly higher and more common in ICU patients compared to non-COVID-19 patients [31].

5. Conclusions

The results of the study imply the importance of not ignoring nosocomial infections while
focusing on COVID-19 during the pandemic, paying attention to isolation procedures and the major
impact of measures on reduction in mortality via reducing the risk of infection.
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