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Abstract

Background and Objectives: Secondary bloodstream infection in patients hospitalized with
coronavirus disease 2019 (COVID-19) can lengthen admission and increase antimicrobial
exposure, yet pathogen-specific evidence from the Omicron period is scarce. We exam-
ined how often Klebsiella pneumoniae was recovered from blood among adults admitted
with SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) infection during the
Omicron BA.5 wave, and which clinical features and outcomes accompanied it. Materials
and Methods: This retrospective single-center cohort comprised 395 adults admitted in
Timisoara, Romania, from 12 July to 25 September 2022. Patients with K. pneumoniae in
blood culture were compared with all remaining patients, whether their cultures showed
no growth or another pathogen. Groups were compared with the Mann-Whitney U and
Fisher’s exact tests. The association between K. pneumoniae and a hospital stay of at least
14 days was estimated with Firth penalized logistic regression, adjusted for age, sex, and
admission oxygen saturation. Results: Blood cultures grew K. pneumoniae in 16 patients
(4.1%), another pathogen in 73 (18.5%), and nothing in 306 (77.5%). Median length of stay
was 17.5 days (IQR (interquartile range) 9.8-25.2) with K. pneumoniae and 9.0 days (IQR
7.0-16.0) in the rest of the cohort (p = 0.006); a stay of at least 14 days occurred in 56.3%
versus 28.0% (unadjusted OR 3.31, p = 0.022). The association persisted after adjustment
(Firth adjusted OR 3.18, 95% CI 1.14-8.87; p = 0.027; maximum-likelihood estimate 3.25,
95% CI11.16-9.12; p = 0.025). In-hospital death occurred in 1 of 16 exposed patients (6.3%)
and in 61 of 379 others (16.1%; Fisher’s exact p = 0.485); with a single exposed death, the
age- and sex-adjusted Firth estimate was imprecise (adjusted OR 0.48, 95% CI 0.04-2.21).
Conclusions: K. pneumoniae bloodstream isolation was infrequent in this Omicron BA.5
cohort but was accompanied by a markedly longer hospital stay. Causality and an effect
on mortality cannot be inferred: culture dates, place of acquisition, device exposure, and
isolate susceptibility were not available, the untimed exposure is prone to immortal-time
bias, and no non-COVID-19 comparator was studied. Prospective surveillance combining
time-stamped microbiology with resistance phenotyping is needed.

Keywords: COVID-19; SARS-CoV-2; Klebsiella pneumoniae; bloodstream infection; bac-
teremia; length of stay; antimicrobial stewardship; Omicron BA.5

Medicina 2026, 62, 2158

https://doi.org/10.3390/medicina62112158


https://crossmark.crossref.org/dialog?doi=10.3390/medicina62112158&domain=pdf&date_stamp=2026-11-05
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/medicina
https://www.mdpi.com
https://orcid.org/0009-0005-2467-9091
https://orcid.org/0009-0008-4048-1183
https://doi.org/10.3390/medicina62112158

Medicina 2026, 62, 2158

2 of 15

1. Introduction

Although antibiotics were prescribed widely early in the pandemic, bacterial co-
infection is uncommon when patients with COVID-19 (coronavirus disease 2019) first
present to hospital, whereas secondary infections become more frequent as illness turns
critical, organ support is introduced, and time in hospital lengthens [1-3]. Bloodstream
infection carries particular weight among them. It may signal a severe focal infection, an
infected vascular catheter, translocation from the gut, or a healthcare-acquired event, and it
usually prompts broad-spectrum therapy. Pooled data from hospitalized COVID-19 cohorts
put its frequency at about 7%, with considerably higher rates in intensive care [4], and large
observational series associate it with prolonged admission, need for organ support, and
higher crude mortality [5-10].

The organisms responsible for bloodstream infection in COVID-19 vary with clinical
setting and pandemic period. Gram-positive bacteria predominated in most cohorts in-
cluded in the meta-analysis cited above [4]. In an Italian intensive care unit (ICU) cohort
from the first pandemic wave, 67.4% of patients developed at least one bloodstream infection
and Enterococcus spp. caused 55.8% of episodes [11]; in the same setting, the enterococcal
share fell from 57.4% in the first wave to 32.7% in the fourth, while Gram-positive bacteria
still caused 74.6% of all episodes [12]. Among 731 patients hospitalized in Milan during the
first wave, 71.7% of 106 bloodstream isolates were Gram-positive, mostly coagulase-negative
staphylococci, whereas Gram-negative bacteria accounted for 21.7%, led by Acinetobacter
baumannii and Escherichia coli [13]. K. pneumoniae is therefore one of several competing
causes of COVID-19-associated bloodstream infection, alongside enterococci, staphylococci,
E. coli, and non-fermenting Gram-negative bacilli, and its relative contribution is likely to
depend on local ecology and case mix.

Risk factors for secondary bloodstream infection in COVID-19 have been characterized
mainly in early-wave and critically ill cohorts. In the Milan cohort, severe lymphopenia
(<0.7 x 10°/L), a lower ratio of arterial oxygen partial pressure to fraction of inspired
oxygen (PaO,/FiO,) at admission, and ICU admission within the first 48 h independently
predicted secondary infection, most episodes of which were bloodstream infections [13].
In a French multicenter study of 4010 ICU patients, 19.5% developed bloodstream infection,
92% of which were ICU-acquired; male sex, a higher Simplified Acute Physiology Score
II (SAPS II), a longer interval between hospital and ICU admission, and intubation were
independent risk factors, and bloodstream infection was associated with higher 90-day mor-
tality [14]. A recent meta-analysis of ICU studies identified tracheal intubation, mechanical
ventilation, central venous catheterization, extracorporeal membrane oxygenation, diabetes,
sex, methylprednisolone exposure (alone or combined with tocilizumab), higher SAPS I,
and longer ICU stay as risk factors [15], and COVID-19 itself has been associated with an
increased risk of ICU-acquired bloodstream infection [9]. Several of these factors, including
invasive devices, ventilatory support, and the timing of immunomodulatory therapy, were
not captured in the present dataset, which constrains adjustment (Section 4.5).

Klebsiella pneumoniae merits separate consideration. It frequently causes healthcare-
associated pneumonia, urinary tract infection, and bacteremia, and it acquires extended-
spectrum beta-lactamase and carbapenemase genes with ease. The pandemic combined
several pressures that favor the spread of multidrug-resistant Gram-negative bacteria:
overstretched infection-control resources, intense antibiotic and corticosteroid use, long
admissions, and rapidly expanded intensive care capacity [16-20]. Outbreak investigations
and cohort studies reported colonization or infection with carbapenem-resistant K. pneu-
moniae in patients with severe COVID-19, mostly in ICUs [21-24]. Most of this evidence,
however, comes from early waves and from selected critically ill patients.
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Patients admitted in later waves differ from early-pandemic cohorts in vaccination cov-
erage, prior infection, viral virulence, and treatment practice [25,26], and organism-specific
data from Central and Eastern Europe during the Omicron period remain scarce. Many
studies also pool respiratory, urinary, and blood isolates, or do not separate colonization
from infection, which makes their clinical significance difficult to judge. Limiting the ex-
posure to K. pneumoniae recovered from blood increases specificity, although on its own it
does not reveal the source, timing, or clinical relevance of each episode.

We therefore aimed to characterize adults hospitalized with SARS-CoV-2 infection
during the Omicron BA.5 wave in whom K. pneumoniae was confirmed in blood culture, and
to compare their clinical features and outcomes with those of the remaining patients. We
hypothesized that confirmed isolation would accompany a longer hospital stay. Because
few deaths were anticipated among exposed patients, mortality was treated as a secondary
and explicitly exploratory outcome.

2. Materials and Methods
2.1. Study Design and Setting

This retrospective cohort study was carried out at a single tertiary center, the Clinical
Hospital of Infectious Diseases and Pneumophthisiology “Dr. Victor Babes”, Timisoara,
Romania. It included consecutive adults admitted with laboratory-confirmed SARS-CoV-2
infection from 12 July to 25 September 2022; in the hospital database this interval is recorded
as the sixth local wave, which coincided with circulation of Omicron BA.5. Reporting follows
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement [27]. The same admission cohort was previously analyzed for a different exposure
and outcome, namely carbapenem-resistant Acinetobacter baumannii isolation and in-hospital
mortality [28]; the present study addresses K. pneumoniae bloodstream isolation and length
of stay.

2.2. Participants

Adults in the hospital cohort were eligible if SARS-CoV-2 infection was confirmed and
a blood-culture result was available. All 395 records in the study database met these criteria
and were retained for the primary analysis. Analytic outputs, tables, and figures contain no
patient-level identifiers.

2.3. Exposure Definition and Comparator Groups

The primary exposure, microbiologically confirmed K. pneumoniae bloodstream isola-
tion, required that the recorded blood-culture result name K. pneumoniae. All other patients
formed the main comparator, whether their cultures showed no growth or another pathogen;
for descriptive purposes, these two subgroups were also reported separately.

The study database also held a derived K. pneumoniae indicator that assigned 37 ad-
ditional culture-negative patients to the K. pneumoniae category on the basis of a clinical-
laboratory score (infection source, inflammatory biomarkers, intensive care admission,
antibiotic exposure, age, comorbidity, duration of oxygen therapy, and length of stay). We
did not regard these patients as confirmed cases and did not include them in the primary
exposure. Because the score contains length of stay and other analyzed variables, using it
as the exposure would have produced incorporation bias and circular inference.

2.4. Variables and Outcomes

Baseline characteristics comprised age, sex, area of residence, COVID-19 vaccination,
body mass index, smoking, and type 2 diabetes. At admission, we recorded peripheral
oxygen saturation (SpO,), leukocyte count, C-reactive protein, procalcitonin, interleukin-6,
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creatinine, and D-dimer. Treatment data covered oxygen therapy, systemic corticosteroids,
and antibacterial agents. Length of hospital stay was the primary outcome; to obtain a
clinically interpretable binary endpoint, a stay of at least 14 days was defined a priori as
prolonged hospitalization. In-hospital death, the secondary outcome, was taken from the
recorded discharge status, because a separate numeric mortality field was not consistently
coded as binary.

2.5. Microbiology

Blood-culture results were used as entered in the clinical record, and a result naming
K. pneumoniae was taken as confirmed bloodstream isolation. The dataset did not record
the date of culture collection, the number of positive sets, time to positivity, adjudicated
source, central-line status, colonization history, the species identification platform, minimum
inhibitory concentrations, resistance genes, or isolate-level susceptibility. The analyses
therefore cannot separate community-onset from hospital-onset infection, contamination
from clinically adjudicated infection for organisms other than Klebsiella, or susceptible from
multidrug-resistant K. pneumoniae. Generic antimicrobial-class labels in the database were
not treated as isolate-specific antibiograms.

2.6. Statistical Analysis

Because continuous variables were skewed or contained influential values, they are
presented as medians with interquartile ranges (IQRs); categorical variables are presented as
counts and percentages. Patients with and without confirmed K. pneumoniae were compared
using the two-sided Mann—-Whitney U test for continuous data and Fisher’s exact test for
categorical data. The 17 baseline and clinical comparisons were exploratory, so Holm-
adjusted p values [29] were calculated for this family of tests, from which length of stay,
the primary outcome, was excluded. Unadjusted p values below 0.05 that did not remain
significant after correction were regarded as hypothesis-generating only. Exact p values are
given and should be read alongside effect sizes and confidence intervals.

The association between confirmed K. pneumoniae and hospitalization of at least 14 days
was estimated with a parsimonious multivariable logistic model. Its covariates (age per
10 years, sex, and admission SpO, per 5 percentage points) were chosen for clinical relevance
and completeness before any model was fitted and before group differences were inspected;
with only 16 exposed patients, data-driven selection and additional parameters were delib-
erately avoided. Current smoking, which differed nominally between groups (Table 1), was
not added to the primary model because only one exposed patient was a current smoker;
with a single exposed observation in one stratum, adjustment for smoking is highly vulnera-
ble to sparse-data bias and could introduce rather than remove distortion. Its influence was
instead examined in a post hoc sensitivity model that added current smoking to the primary
covariates (390 patients with recorded smoking status). Maximum-likelihood estimation
tends to overstate effects when an exposure is rare (16 exposed patients, 9 with the out-
come); every logistic model was therefore fitted with Firth's penalized likelihood [30,31],
and 95% confidence intervals (CIs) and p values were obtained from the profile penalized
likelihood. Firth estimates are presented as the principal adjusted odds ratios (aORs), with
the original maximum-likelihood estimates shown for comparison. Since only one patient
with K. pneumoniae died, a maximum-likelihood mortality model would have been unstable;
an exploratory Firth model adjusted for age and sex was fitted instead, and its estimate is
shown for completeness only, without inferential use.
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Table 1. Baseline and clinical characteristics according to confirmed K. pneumoniae bloodstream
isolation.

Characteristic Overall Confirmed No confirmed p Value
n =395 K. pneumoniaen =16 K. pneumoniae n = 379
Age, years 72.0 (65.2-79.1) 72.5 (66.7-76.5) 72.0 (65.1-79.1) 0.744
Body mass index, kg/m2 28.2 (23.7-32.4) 31.1 (26.0-33.1) 28.1 (23.7-32.2) 0.394
Admission SpO,, % 91.0 (89.0-92.9) 89.9 (88.1-93.6) 91.0 (89.0-92.8) 0.720
Leukocytes, x10°/L 11.8 (8.0-15.3) 12.9 (11.0-14.3) 11.75 (7.9-15.4) 0.475
C-reactive protein, mg/L  109.4 (50.3-143.2) 113.8 (98.4-159.2) 109.1 (48.2-140.7) 0.216
Procalcitonin, ng/mL 0.4 (0.1-1.1) 0.4 (0.2-0.6) 0.4 (0.1-1.2) 0.303
Interleukin-6, pg/mL 10.4 (3.8-28.9) 11.6 (4.4-30.3) 10.4 (3.8-28.9) 0.997
Creatinine, mg/dL 0.9 (0.6-1.4) 1.07 (0.7-1.4) 0.9 (0.6-1.4) 0.797
D-dimer, mg/L 0.7 (0.5-1.1) 0.6 (0.5-0.8) 0.7 (0.5-1.1) 0.399
Length of stay, days 9.0 (7.0-16.0) 17.5 (9.8-25.2) 9.0 (7.0-16.0) 0.006
Female sex 182 (46.1) 8 (50.0) 174 (45.9) 0.802
Urban residence 208 (52.7) 7 (43.8) 201 (53.0) 0.611
Vaccinated against
COVID-19 264 (66.8) 10 (62.5) 254 (67.0) 0.788
Current smoking 129 (33.1) 1(6.3) 128 (34.2) 0.026 (0.416)
Type 2 diabetes 45 (11.4) 2 (12.5) 43 (11.3) 0.702
Oxygen therapy 346 (87.6) 13 (81.3) 333 (87.9) 0.433
Systemic corticosteroids 370 (93.7) 15 (93.8) 355 (93.7) 1.000
Antibacterial therapy 285 (72.2) 16 (100.0) 269 (71.0) 0.008 (0.136)

Values are median (IQR) or n (%). Continuous variables were compared with the Mann-Whitney U
test and categorical variables with Fisher’s exact test. Smoking status was available for 390 patients
(16 with and 374 without confirmed K. pneumoniae); other displayed variables were analyzed using the
available observations. Values in parentheses are Holm-adjusted p values across the 17 baseline and
clinical comparisons (length of stay, the primary outcome, is shown descriptively and was excluded
from this family); all other Holm-adjusted p values were 1.000. The smoking difference is based on a
single exposed smoker. SpO,, peripheral oxygen saturation.

Missing data were not imputed; each analysis used the available observations, and
denominators can be read from the tables. Confidence intervals for proportions were
computed with the Wilson score method, and statistical significance was set at a two-sided
p value below 0.05. Data handling, statistics, and graphics were done in Python (version
3.11.4; Python Software Foundation), using pandas (version 2.0.3), NumPy (version 1.24.3),
SciPy (version 1.11.1), Matplotlib (version 3.7.2), and Seaborn (version 0.12.2). The Firth
models used a penalized Newton-Raphson algorithm implemented in Python, with profile
penalized-likelihood confidence intervals.

2.7. Ethics

The study complied with the Declaration of Helsinki. It was approved by the Ethics
Committee of the Clinical Hospital of Infectious Diseases and Pneumophthisiology “Dr.
Victor Babes”, Timisoara, Romania (approval no. 4711/20 May 2026), for the retrospective
analysis and publication of anonymized clinical data collected in routine care from 1 March
2020 to 31 December 2024. All patients (or, where applicable, their legal representatives)
signed the hospital’s standard written informed consent form at admission, which includes
consent to the use of anonymized clinical data for research purposes; consent was therefore
obtained during hospitalization from every patient, including those who subsequently died.
Ethics Committee approval for this specific retrospective analysis was requested after data
collection had been completed and before manuscript submission, which explains why
the approval date post-dates the study period; the approval explicitly specifies the retro-
spective design of the study. The Ethics Committee waived the requirement for additional
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study-specific informed consent, as the analysis involved no patient contact or additional
procedures. Only de-identified data were analyzed, and data processing met institutional
and data-protection requirements.

3. Results
3.1. Cohort and Blood Culture Findings

The cohort included 395 adults hospitalized with SARS-CoV-2 infection. Blood cultures
showed no growth in 306 patients (77.5%), another identified pathogen in 73 (18.5%), and
K. pneumoniae in 16 (4.1%). K. pneumoniae accounted for 16 of 89 positive blood-culture
results (18.0%). The other recorded organisms were Streptococcus pneumoniae (n = 18),
Enterococcus faecalis (n = 16), Staphylococcus aureus (n = 13), Escherichia coli (n = 13), and
Pseudomonas aeruginosa (n = 13). Figure 1 presents the cohort classification and the primary
exposure definition.

Consecutive adults hospitalized with SARS-CoV-2
12 July-25 September 2022 (Omicron BA.5 period)
n = 395, all with an available blood-culture result

Confirmed K. pneumoniae
bloodstream isolation
n=16

Other pathogen isolated
n=173

l

l

Includes 37 culture-negative patients
flagged by a derived clinical-laboratory S. pneumoniae 18; E. faecalis 16 Primary comparison:
score as possible K. pneumoniae; S.aureus 13; E.coli13 confirmed K. pneumoniae (n = 16)
not counted as exposed P. aeruginosa 13 vs. all other patients (n = 379)
(avoids incorporation bias)

Figure 1. Cohort classification and primary exposure definition. The primary exposure required
microbiological confirmation of Klebsiella pneumoniae in blood culture. Algorithm-supported, culture-
negative classifications were not treated as confirmed infections. The 37 culture-negative patients
flagged by the derived score remained in the no-growth group; organisms in the other-pathogen
group are listed.

3.2. Baseline and Clinical Characteristics

Median age was similar in patients with and without confirmed K. pneumoniae (72.5 ver-
sus 72.0 years; p = 0.744), and 50.0% of confirmed cases were female, as shown in Table 1.
Admission SpO, and the measured inflammatory biomarkers did not differ significantly
between groups. Current smoking was recorded in 1 of 16 patients (6.3%) with confirmed
K. pneumoniae and in 128 of 374 patients (34.2%) without (Fisher’s exact p = 0.026; Firth
unadjusted OR 0.19, 95% CI10.02-0.76). This difference rests on a single exposed smoker and
did not remain significant after Holm correction for the 17 baseline comparisons (adjusted
p = 0.416); it is therefore most consistent with a chance finding and is not interpreted as
a protective association (Section 4.2). All 16 patients with confirmed K. pneumoniae re-
ceived antibacterial therapy, compared with 269 of 379 patients (71.0%) without confirmed
K. pneumoniae (Fisher’s exact p = 0.008; Holm-adjusted p = 0.136). Because antimicrobial
initiation may precede or follow blood-culture collection and treatment details were not
time-stamped, this association is descriptive rather than causal.
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3.3. Length of Stay

Hospitalization was longer among patients with confirmed K. pneumoniae: median
17.5 days (IQR 9.8-25.2) versus 9.0 days (IQR 7.0-16.0) among all other patients (p = 0.006).
A stay of at least 14 days occurred in 9 of 16 patients (56.3%; 95% CI 33.2-76.9%) and 106
of 379 patients (28.0%; 95% CI 23.7-32.7%), corresponding to an unadjusted OR of 3.31
(Firth-corrected OR 3.25, 95% CI 1.22-9.00; Fisher’s exact p = 0.022). When the comparison
was restricted to patients with another identified bloodstream pathogen, median length of
stay remained longer in the K. pneumoniae group (17.5 versus 10.0 days; p = 0.012), whereas
the difference in the binary prolonged-stay endpoint did not reach conventional statistical
significance (56.3% versus 31.5%; Fisher’s exact p = 0.085; Table S2). The distribution of
length of stay by blood-culture group is shown in Figure 2.

K. pneumoniae vs all others: p = 0.006

30

25

20

15

10

Length of hospital stay (days)

No growth Other pathogen K. pneumoniae

Figure 2. Hospital length of stay by blood-culture group. Violin shapes show distributions, white
boxes show the interquartile range, and points represent individual observations. The displayed
p value compares confirmed K. pneumoniae with all other patients using the two-sided Mann-Whitney
U test.

In the prespecified parsimonious multivariable model, which included 395 patients and
115 prolonged-stay events, confirmed K. pneumoniae was associated with higher adjusted
odds of hospitalization for at least 14 days after adjustment for age, sex, and admission SpO,
(Firth aOR 3.18, 95% CI 1.14-8.87; p = 0.027); the maximume-likelihood estimate from the
original analysis was aOR 3.25 (95% CI 1.16-9.12; p = 0.025). Higher admission SpO, was
inversely associated with prolonged hospitalization (Firth aOR per 5 percentage points 0.69,
95% CI 0.48-0.99; p = 0.041). Full model estimates are reported in Table 2 and displayed
in Figure 3. The wide confidence interval around the K. pneumoniae estimate reflects the
small number of exposed patients and should temper precision claims. In the post hoc
sensitivity model additionally adjusted for current smoking (390 patients), the Firth aOR
for confirmed K. pneumoniae was 3.12 (95% CI 1.11-8.75; p = 0.030; Table 2).
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Table 2. Multivariable logistic models for hospitalization of at least 14 days: Firth penalized-likelihood
estimates (primary), maximum-likelihood estimates (original analysis), and a sensitivity model
additionally adjusted for current smoking.

Predictor Adjusted OR 95% CI p Value
Firth penalized-likelihood model (primary)
Confirmed K. pneumoniae 3.18 1.14-8.87 0.027
Age per 10 years 1.11 0.90-1.36 0.312
Female sex 1.27 0.81-1.98 0.291
SpO, per 5% 0.69 0.48-0.99 0.041
Maximum-likelihood model (original analysis)
Confirmed K. pneumoniae 3.25 1.16-9.12 0.025
Age per 10 years 1.12 0.91-1.37 0.296
Female sex 1.28 0.82-1.99 0.281
SpO, per 5% 0.68 0.47-0.98 0.036
Sensitivity model adding current smoking (Firth; n = 390)
Confirmed K. pneumoniae 3.12 1.11-8.75 0.030
Age per 10 years 1.10 0.89-1.35 0.345
Female sex 1.26 0.80-1.97 0.310
SpO, per 5% 0.70 0.48-1.00 0.048
Current smoking 0.88 0.54-1.42 0.589

The primary and maximum-likelihood models included 395 patients and 115 prolonged-stay events;
the sensitivity model included the 390 patients with recorded smoking status. Firth estimates are
shown with profile penalized-likelihood CIs and p values. CI, confidence interval; OR, odds ratio;
SpO,, peripheral oxygen saturation.

Factors Associated with Hospital Stay of 14 Days or Longer

@ { 318 (114-8.87)
Confirmed K. pneumoniae -
A

I
|
I
I
I
)
o} 0 { 3.25(1.16-9.12)
I
I
I
|
I

=+@—i 1.11(0.90-1.36)
|

Age per 10 years 1 H-O— 112 (0.91-1.37)

e i 1.27 (0.81-1.98)
Female sex I T
|—T—0—< 1.28 (0.82-1.99)

|
p——@—{ 0.69 (0.48-0.99)

SpO; per 5% 1 PR
p——O—i 0.68 (0.47-0.98) ~@- Firth penalized likelihood (primary)

=~ Maximum likelihood (original analysis)

1
I
1
I
|
1
T

T T T

0.5 1 2 4 8 16
Adjusted odds ratio (95% CI), logarithmic scale

Figure 3. Multivariable logistic regression for hospitalization of at least 14 days. Filled points represent
Firth penalized-likelihood adjusted odds ratios (primary estimates), open points the corresponding
maximume-likelihood estimates, and bars 95% confidence intervals. The model included confirmed
K. pneumoniae bloodstream isolation, age, sex, and admission SpO,. CI, confidence interval; SpO,,
peripheral oxygen saturation.

3.4. In-Hospital Mortality

In-hospital death occurred in 1 of 16 patients with confirmed K. pneumoniae (6.3%;
95% CI 1.1-28.3%) and 61 of 379 patients without confirmed K. pneumoniae (16.1%; 95% CI
12.7-20.1%). The unadjusted odds ratio was 0.35, but the confidence around the exposed-
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group proportion was wide and Fisher’s exact p was 0.485 (Tables 3 and S1). These data
do not demonstrate lower mortality; they indicate that the cohort was underpowered for
organism-specific mortality inference. The Firth-corrected unadjusted OR was 0.50 (95% CI
0.05-2.07). In the exploratory Firth model adjusted for age and sex, the aOR was 0.48 (95%
CI 0.04-2.21); with a single exposed death, this estimate is reported for completeness only.

Table 3. Clinical outcomes according to blood-culture group.

Blood-Culture " Length of Stay Stay >14 Days In-Hospital Death
Group Median (IQR), Days n (%) n (%)
No growth 306 9.0 (7.0-14.0) 83 (27.1) 44 (14.4)
Other pathogen 73 10.0 (5.0-16.0) 23 (31.5) 17 (23.3)
K. pneumoniae 16 17.5 (9.8-25.2) 9 (56.3) 1(6.3)

IQR: interquartile ranges.

4. Discussion
4.1. Principal Findings

Three findings emerge from this single-center cohort of the BA.5 period. First, K.
pneumoniae was recovered from blood in 4.1% of hospitalized patients and accounted for
18.0% of positive cultures. Second, patients with confirmed isolation stayed considerably
longer, by a median of 8.5 days, and had about three times the adjusted odds of a stay
of at least 14 days. Third, no excess mortality was observed in the exposed group, but
with a single death among 16 patients the estimate is too imprecise for either reassuring or
comparative conclusions about mortality.

The finding is therefore best read not as lower mortality with K. pneumoniae, but as a
marker of a subgroup that used more hospital resources. The association held after limited
adjustment for age, sex, and admission oxygen saturation, yet it remains an association.
Without time-stamped cultures, a longer stay may simply provide more opportunity to
acquire or detect K. pneumoniae, whereas the infection may itself extend treatment and
postpone discharge; the two mechanisms are not mutually exclusive.

4.2. Comparison with Previous Studies

Any positive blood culture was recorded in 22.5% of patients, more than pooled
estimates for unselected hospitalized COVID-19 cohorts but within the range reported for
severe and intensive care populations [4-9]. Comparison is limited because the database
does not show whether all patients were sampled in the same way, whether cultures were
taken at admission or later, or whether repeated episodes were merged. A 4.1% prevalence
of confirmed K. pneumoniae is plausible for a tertiary infectious-diseases hospital, but it
should not be extrapolated as a population incidence.

In an Italian COVID-19 hospital, Arcari and colleagues documented transmission of
and infection with K. pneumoniae, illustrating how pandemic care pathways interact with
resistant Gram-negative bacteria [21]. Clusters of carbapenem-resistant K. pneumoniae
were likewise reported among ICU patients with COVID-19, against a background of
infection-control strain, broad-spectrum antibiotic use, invasive devices, and prolonged
critical care [22-24]. Because resistance phenotype could not be determined, our dataset
should not be grouped automatically with carbapenem-resistant cohorts. Species identity
does not by itself indicate multidrug resistance, and generic class-level labels cannot replace
susceptibility testing of individual isolates.

The organism distribution also differed from early-wave intensive care series. In our
cohort, Gram-negative bacteria (K. pneumoniae, E. coli, and P. aeruginosa) accounted for 42
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of 89 positive cultures (47.2%) and E. faecalis for 16 (18.0%) (Figure 4), whereas Italian
ICU cohorts reported Gram-positive predominance, with enterococci causing between
one-third and more than one-half of episodes [11,12], and a hospital-wide first-wave cohort
found mainly coagulase-negative staphylococci [13]. No coagulase-negative staphylococci
were recorded in our dataset, possibly because probable contaminants were not entered
as positive results; this could not be verified. Differences in case mix (a hospital-wide,
later-wave cohort rather than ICU-only populations), culture practices, and data recording
should therefore be considered when comparing pathogen distributions.

Organisms recovered from the 89 positive blood cultures

Streptococcus pneumoniae 18 (20.2% of positive; 4.6% of cohort)

Gram-positive

16 (18.0% of positive; 4.1% of cohort) 47/89 (52.8%)

Enterococcus faecalis

Staphylococcus aureus 13 (14.6% of positive; 3.3% of cohort)

R — iy Ml i

Gram-negative

Escherichia coli - 13 (14.6% of positive; 3.3% of cohort) 42/89 (47.2%)
Pseudomonas aeruginosa 13 (14.6% of positive; 3.3% of cohort)
T T T v T u T ,
0 5 10 15 20 25 30 35 40

Number of patients

Figure 4. Organisms recovered from the 89 positive blood cultures, grouped by Gram stain. Blue
bars indicate Gram-positive organisms and orange bars indicate Gram-negative organisms; the red
bar highlights Klebsiella pneumoniae, the focus of this study, which is included in the Gram-negative
group. Labels give the number of patients, the percentage of positive cultures, and the percentage of
the full cohort (N = 395). The 306 no-growth results are shown in Figure 1.

The lower recorded prevalence of current smoking among patients with confirmed K.
pneumoniae (6.3% versus 34.2%) should not be interpreted as a protective association. It
depended on a single exposed smoker, did not survive correction for multiple comparisons,
lacks a plausible biological rationale in the observed direction, and may reflect chance
or incomplete documentation of smoking history in more severely ill patients. Adding
smoking to the adjusted model yielded a Firth aOR of 3.12 for confirmed K. pneumoniae,
compared with 3.18 in the primary model, indicating that the association with prolonged
stay was not materially affected by this imbalance.

Longer hospitalization and more intensive support have also accompanied secondary
bloodstream infection in multicenter studies [5-8,32,33]. Bhatt and colleagues found pro-
longed admissions in patients with severe COVID-19 complicated by bloodstream infec-
tion [6], and ICU cohorts showed that the risk rose with the duration of exposure [7-9].
Together, these data support a two-way relationship: severe or protracted illness provides
the time and procedures that allow bloodstream infection to occur, and the infection in turn
prolongs treatment, monitoring, and recovery.

4.3. Clinical and Stewardship Implications

These results argue for targeted microbiological work-up rather than blanket escalation
of antibacterial therapy. Every patient with confirmed K. pneumoniae received antibiotics, but
antibacterial treatment was also frequent in patients without it. Studies from earlier in the
pandemic consistently found that empirical antibiotic use far exceeded the low prevalence
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of bacterial co-infection [1-3,34], a gap that can accelerate antimicrobial resistance and
make subsequent healthcare-associated infections harder to treat.

When a hospitalized patient worsens or fails to improve, reasonable stewardship in-
cludes drawing blood cultures before escalating antimicrobials, examining urinary and
pulmonary sources, reviewing vascular devices, and de-escalating promptly once microbi-
ology results are available. If K. pneumoniae is isolated, therapy should follow the isolate’s
antibiogram, the source and severity of infection, renal function, previous colonization,
and local resistance patterns. Our data do not justify any particular regimen and allow no
inference about extended-spectrum beta-lactamase production or carbapenem resistance.

The association with length of stay is also relevant to hospital operations. A Gram-
negative bloodstream isolate may require repeat cultures, source control, intravenous ther-
apy, infection-control precautions, and a later transfer or discharge. Prospective surveillance
should therefore record, alongside the organism, the timing and source of infection, device
exposure, appropriateness of antimicrobial therapy, and patient-days at risk. Such data
would permit incidence-density analyses and clarify whether infection leads to a longer
stay or results from it.

4.4. Methodological Strengths

The study covers a clearly defined late-pandemic period and analyzes the entire cohort
rather than a convenience sample. It distinguishes microbiologically confirmed K. pneumo-
niae from culture-negative cases assigned by an algorithm, which favors exposure specificity
and avoids circular analyses of variables built into that score. The model was kept delib-
erately small and was estimated with Firth’s penalized likelihood to reduce small-sample
bias, the mortality analysis was not overfitted, and absolute risks are reported with their
uncertainty. Finally, the three-group description separates K. pneumoniae from other positive
cultures and from cultures without growth.

4.5. Limitations

These limitations are substantial and determine how far the results can be general-
ized. First, a retrospective design at a single center is exposed to selection bias, residual
confounding, and local culture practices. Second, with only 16 confirmed K. pneumoniae
cases, confidence intervals are wide, and neither reliable organism-specific mortality mod-
eling nor extensive covariate adjustment was possible. Firth’s penalized likelihood reduces
small-sample bias in the exposure estimate but does not remove residual confounding or
the imprecision inherent to 16 exposed patients. Third, culture timing was not available, so
we could not separate community-onset from hospital-onset infection, treat K. pneumoniae
as a time-dependent exposure, express episodes per 1000 patient-days, or address immortal-
time bias. Because K. pneumoniae isolation was analyzed as a fixed exposure although it may
have occurred at any point during admission, exposed patients had to remain hospitalized,
and alive, long enough for the culture to be drawn and become positive. This immortal-time
structure would be expected to inflate the association with prolonged stay and to bias
mortality toward an apparently lower risk in the exposed group, and it may partly explain
the low mortality observed among exposed patients.

Fourth, the database did not record the indication for culture, the number of sets,
repeated cultures, time to positivity, adjudicated source, invasive devices, mechanical venti-
lation, central-line days, previous colonization, recent hospitalization, timing of antibiotics,
or appropriateness of empirical therapy. Fifth, no isolate-level susceptibility results, mini-
mum inhibitory concentrations, resistance mechanisms, or molecular typing were available,
and the uniform class-level fields in the database were not analyzed as antibiograms. Con-
sequently, findings from the extensive literature on carbapenem-resistant K. pneumoniae in
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COVID-19 cannot be extrapolated to this cohort. Sixth, coding was inconsistent in some
clinical fields; outcomes were taken from the most internally consistent fields, and unreliably
coded variables were excluded rather than corrected through undocumented assumptions.
In addition, many baseline comparisons were made, and nominally significant differences
that did not survive Holm correction, such as current smoking, are probably due to chance.
Seventh, without a cohort of patients hospitalized without COVID-19, we cannot
isolate an effect specific to SARS-CoV-2 or tell whether the prevalence and the association
with length of stay differ in patients without COVID-19. Eighth, no viral sequencing was
available, so attribution to the BA.5 period rests on the recorded wave dates rather than
on patient-level sequencing. Finally, the association between K. pneumoniae and prolonged
stay may arise from reverse causation, unmeasured severity, unequal intensity of culture
sampling, or healthcare exposure, and it should not be interpreted as a causal effect size.

4.6. Research Priorities

Future prospective, multicenter studies should define bloodstream infection by time-
stamped cultures together with clinical criteria; record when cultures were drawn relative
to admission and to antimicrobial therapy; document infection source, devices, organ
support, and previous colonization; and pair every isolate with a complete susceptibility
profile. Incidence should be reported per patient-days at risk, using competing-risk or
time-dependent methods where appropriate. Whole-genome sequencing could separate
sporadic cases from transmission clusters, and antimicrobial process measures could assess
whether empirical and definitive therapy were adequate and timely. Larger samples would
also allow adjusted analyses of mortality, recurrence, readmission, and specific resistance

phenotypes.

5. Conclusions

In this cohort of 395 adults hospitalized with SARS-CoV-2 infection during the Omicron
BA.5 wave, blood cultures confirmed K. pneumoniae in 16 patients (4.1%). Confirmed isola-
tion was associated with a longer hospital stay and, after limited adjustment, with higher
odds of a stay of at least 14 days. Increased mortality was not demonstrated, although the
exposed group was too small for a firm conclusion. Because culture timing was unavailable,
immortal-time bias may partly explain the association with length of stay, and without a
non-COVID-19 comparator the association cannot be attributed specifically to SARS-CoV-2.
The findings point to a clinically relevant signal of resource use and support prospective,
time-resolved microbiological surveillance that integrates infection source, device exposure,
appropriateness of antimicrobial therapy, and isolate-level resistance data.
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