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Abstract

Microbial secondary infections can contribute to an increase in the risk of mortality in COVID-19 patients, particularly
in case of severe diseases. In this study, we collected and evaluated the clinical, laboratory and microbiological data of
COVID-19 critical ill patients requiring intensive care (ICU) to evaluate the significance and the prognostic value of these
parameters. One hundred seventy-eight ICU patients with severe COVID-19, hospitalized at the S. Francesco Hospital of
Nuoro (Italy) in the period from March 2020 to May 2021, were enrolled in this study. Clinical data and microbiological
results were collected. Blood chemistry parameters, relative to three different time points, were analyzed through multivariate
and univariate statistical approaches. Seventy-four percent of the ICU COVID-19 patients had a negative outcome, while
26% had a favorable prognosis. A correlation between the laboratory parameters and days of hospitalization of the patients
was observed with significant differences between the two groups. Moreover, Staphylococcus aureus, Enterococcus faeca-
lis, Candida spp, Pseudomonas aeruginosa and Klebsiella pneumoniae were the most frequently isolated microorganisms
from all clinical specimens. Secondary infections play an important role in the clinical outcome. The analysis of the blood
chemistry tests was found useful in monitoring the progression of COVID-19.
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Introduction

SARS-CoV-2 infection is the cause of COVID-19, a res-
piratory disease that can range from asymptomatic to symp-
tomatic disease with severe pneumonia, inflammation and
death [1, 2]. The clinical outcome and prognosis depend
on various factors [3], including bacterial/viral/fungal co-
infections or superinfections (secondary infections) which
can increase the risk of mortality in these patients [4—7]

The importance of secondary infections during the
COVID-19 pandemic has been somewhat investigated [8, 9]
as they were reported to be associated with a decreased sur-
vival, playing a crucial role especially in those patients with
a severe illness admitted to the ICU [10]. Several reports
indicated an increased number of COVID-19 patients with
secondary infections during hospitalization [11, 12]. SARS-
CoV-2, like other respiratory viruses, weakens the host
immunity, facilitating such infections [13], especially during
hospitalization. While the specific source and nature of these
infections have not been thoroughly investigated [5], some
evidence suggests that nosocomial, often multidrug-resistant
(MDR), pathogens, are likely responsible [10, 14]. The dra-
matic aspect of this scenario is that during this pandemic up
to 50% of patients who died from COVID-19 had secondary
infections [9, 15], likely related to the fact that critically ill
hospitalized patients needed invasive mechanical ventila-
tion for a prolong period and this rendered them susceptible
to hospital-acquired infections [16]. Inflammatory chemi-
cal biomarkers and proper microbiological surveillance may
be fundamental for the management of COVID-19 patients
because they allow the early detection of markers which cor-
relate with the presence of such infections and a negative
outcome. Laboratory data are thus fundamental to support
clinicians in monitoring the hospitalized patients and follow
the clinical evolution of COVID-19 [17].

In this study, we collected the clinical, laboratory and
microbiological data of hospitalized COVID-19 patients,
admitted to the ICU from March 2020 to May 2021, to
evaluate the significance and the prognostic value of these
parameters [18].

Methods

COVID-19 patients, positive for SARS-CoV-2 infection
(diagnosed through the extraction of RNA and reverse tran-
scription Real-Time PCR) hospitalized in the ICU of the S.
Francesco Hospital of Nuoro (Sardinia, Italy) in the period
from March 2020 to May 2021 were enrolled in this study
(n=178). The three different phases of the pandemics were
classified as follows: (i) March—May 2020; (ii) Septem-
ber—-December 2020; and (ii) January—May 2021. The study
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was conducted in accordance with the current revision of the
Helsinki Declaration.

By analyzing the medical records of 156 patients (22
records were not available), it was possible to collect infor-
mation regarding the symptoms at the onset of the infec-
tion, the presence of risk factors and co-morbidities and the
microbiological data. Moreover, blood chemistry parameters
relative to three different time points were collected: (T0),
sampling at the moment of the admission of the patient at the
emergency room, the infectious diseases ward, or directly
at the ICU; (T1), sampling between the admission day and
the clinical outcome; and (T?2), the last sampling before the
transfer of the patient from the ICU to others hospital wards
or the patient' demise.

The blood chemistry parameters considered were: leu-
cocytes, neutrophils, lymphocytes, platelets, hemoglobin,
lactate dehydrogenase (LDH), C reactive protein (CRP), pro-
calcitonin, D-dimer, fibrinogen, ferritin, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
sodium and potassium. Details of the selected biomarkers
and laboratory instruments used are reported in Table 1.

Microbiological data related to blood, bronchoaspirate,
urine and intravascular device specimens (central venous
catheter, CVC) were collected every day through diagnos-
tic microbiological methods. Each isolate was carefully
reviewed by the members of the microbiology team to evalu-
ate its clinical significance. For our analysis, we considered
the positivity of the microbiological samples after 7 days
of ICU hospitalization to exclude possible bias due to the
presence of previous infections.

To determine the antimicrobial susceptibility profile of
the clinical isolates, Matrix-assisted laser desorption ioniza-
tion-time of flight (MALDI-TOF), biotyper (Bruker Dalton-
ics), MicroScan (Beckman Coulter. Inc., Brea, USA), MIC/
Combo and NMDR Panel were used. The breakpoint panels
use concentrations equivalent to the breakpoint of the Clini-
cal and Laboratory Standards Institute (CLSI) following the
European Committee on Antimicrobial Susceptibility Test-
ing (EUCAST) interpretive criteria. Isolated considered not
of clinical relevance, and thus not warranting a specific ther-
apy, were classified as commensal and/or non-significant.

Laboratory data were organized in matrices for statistical
analysis. Two different statistical approaches were applied:
first, the blood chemistry parameters collected at different
time points were processed through multivariate analysis,
using the SIMCA-P software (ver. 16.0, Sartorius Stedim
Biotech, Umea, Sweden) [19]. Variables were UV scaled,
and then the Principal Component Analysis (PCA) was
applied to explore the sample distributions without classi-
fication and identify potential strong outliers through the
application of the Hotelling’s T2 test. Subsequently, to study
a possible linear relationship between a matrix Y (depend-
ent variable, time) and a matrix X (predictor variables, e.g.,
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Table 1 Panel of the laboratory

A Blood chemistry parameters
parameters evaluated in the

study Panels

Parameters Instrument

Blood count

Coagulation

Kidney/liver function electrolytes

Inflammation and sepsis indices

Hemoglobin ADVIA 2120 SIEMENS
Leukocytes
Platelet
D-dimer
Fibrinogen
AST

ALT

Creatinine

CS 1500 SIEMENS

DIMENSION VISTA 1500

Sodium
Potassium

Ferritin LDH CRP PCT ADVIA CENTAUR XP SIEMENS

blood chemistry parameters), the Partial Least Square (PLS)
model was carried out [20]. The variance and the predic-
tive ability (RX, R%Y, Q%) were evaluated to establish the
model’s suitability. In addition, a permutation test (n =400)
was performed to validate the models [21]. The most signifi-
cant variables were extracted from the PLS model’s loading
plot. Variables’ Influence on Projection (VIP) value was also
evaluated for the selection of the discriminant variable. This
analysis allowed to observe, simultaneously, changing of the
variables during the hospitalization of the patients based on
the progression of the COVID-19 infection.

Univariate statistical analysis was then performed. In
particular, the concentrations of the discriminant param-
eters were tested through the non-parametric Wilcoxon test.
This test is appropriate to investigate differences in paired
samples (GraphPad Prism software, version 7.01, Inc., San
Diego, CA, USA). Only differences between variables with p
value < 0.05 were considered significant. For these variables,
we also evaluated the trend during the three different phases
of the pandemic waves specified above.

Results

A total of 178 patients were enrolled in this study. About
74% (131) of these patients died during ICU hospitalization
(Deceased patients) while about 26% (47) of them became
SARS-CoV-2 negative during the ICU hospitalization
and were transferred to other hospital wards (Transferred
Patients). Demographic data of the enrolled patients are
reported in Table 2.

For the deceased patients, the mean time from the onset
of symptoms to the hospitalization was 5.6 days, and 26%
of these patients were admitted directly to the ICU. For the
transferred patients, the mean time from the onset of the
symptoms to the hospitalization was equal to 6.1 days and

22% of these patients were admitted directly to the ICU. A
summary of the onset symptoms, co-morbidities and life-
style information of the patients is shown in Table 3.

Analysis of the laboratory and microbiological results
were based on the different outcomes of the infection to
highlight the predictive role of the data concerning the pro-
gression and prognosis of the disease.

Analysis of the blood chemistry parameters

The data matrix of the deceased patients was firstly analyzed
with the PCA model to identify outliers that could affect the
validity of the analysis. No outliers were identified with this
analysis, so all the samples were considered for the subse-
quent step. Samples were analyzed through a PLS approach,
using as Y-variable the three different time points (TO, T1
and T2). The correlation model showed a time-dependent
distribution of the samples based on the days of hospitali-
zation (Fig. 1A, statistical parameters were R*X=0.297,
R?Y=0.464, 0>*=0.420, p <0.0001). The model was then
validated by using a permutation test (Fig. 1S-A,). This sta-
tistical approach allows correlating the number of days of
hospitalization with numerical variables, such as the labo-
ratory parameters, with the aim to quickly identify which
of them changes its concentration in line with the clinical
evolution of the patients.

Variables (laboratory parameters) that showed a VIP
value > 1 were considered discriminant and underwent
the Wilcoxon test for paired data. The results are shown
in Fig. 1B. Significant changes of some parameters during
hospitalization were observed, such as an increase in leuko-
cytes, neutrophils, PCT, D-dimer, sodium and potassium and
a decrease in hemoglobin and lymphocyte levels. Moreover,
the trend of the laboratory parameters was also evaluated
during the three different phases of the SARS-CoV-2 pan-
demic (Fig. 25).
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Table 2 Demographic data of the enrolled patients. Data are presented considering firstly the whole cohort of patients and then considering the

different phases of the Covid-19 pandemic

Database Covid-19

Patients Age mean+SD (Range) F/M (%) Deceased (%) Transferred (%) Hospitalization
days (Mean +SD)

All 178 68.1+11.3 (22-88) 31/69 74 26 24+15
Deceased 132 69.7+9.5% (37— 86) 31/69 17+11
Transferred 46 63.2+14.3 (22-88) 30/70 31+20

1 Phase (March-May 2020) 31 69

Deceased 81+ 1.7% (80—83) 67/33 11+2
Transferred 9 57+15.7 (22-178) 22/78 34+24

2 Phase (September—December 2020) 82 18

Deceased 80 69 +9.4* (80—83) 25/75 17+11
Transferred 18 63+14.8 (33-88) 38/62 26+18

3 Phase (January—May 2021) 72 28

Deceased 48 70+£9.6* (43 —84) 39/61 18+10
Transferred 19 66+11.5 (43-82) 36/64 33+21
*=p<0.05

Considering the matrix of the transferred patients, the
analysis was conducted following the same workflow applied
to the deceased patients. Also in this case, no outliers were
identified with this analysis, so all the samples were consid-
ered for the subsequent PLS approach, using as Y-variable
the three different time points (TO, T1 and T2). The model
showed a time-dependent distribution of the samples based
on the days of hospitalization (Fig. 2A, statistical param-
eters were R?2X=0.352, R?Y=0.49, 0*=0.36, p <0.0001).
Also in this case, the distribution of the samples reflected
the change in the laboratory parameters used as variables,
during the hospitalization. The model was then validated by
using a permutation test (Fig. 1S-B).

Variables that showed a VIP value > 1 were considered
discriminant and underwent the Wilcoxon test for paired
data. The results are shown in Fig. 2B. Changes in some
parameters throughout hospitalization were observed with a
significant increase in lymphocytes, sodium, platelets, and a
significant decrease in neutrophils, hemoglobin, CRP, LDH,
fibrinogen, creatinine and AST.

The trend of the laboratory parameters was also evalu-
ated during the three different phases of the SARS-CoV-2
pandemic (Fig. 35).

To investigate a possible predictive role of the laboratory
parameters in terms of prognosis/outcome of the SARS-
CoV-2 infection, a supervised model (PLS-DA) of the TO
samples of the transferred and deceased patients was per-
formed. No separation was observed between the two classes
of samples and the model was not significant (Fig. 3).

This result was also evidenced when we compared each
laboratory parameter of the two classes at TO time. No sig-
nificant comparison emerged. However, we also performed
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the comparisons between deceased and transferred patients
considering the laboratory parameters at the three different
time points. Interestingly, leukocytes, neutrophils, lympho-
cytes, LDH, CRP, D-dimer, creatinine, sodium and potas-
sium showed significant (p < 0.05) differences in their con-
centrations starting from the T1 sampling as demonstrated
in Fig. 4.

Microbiological analysis

Of the enrolled patients, after 7 days of hospitalization, 44%
showed the presence of a secondary infection during the
hospitalization (and about 80% of these patients had a nega-
tive outcome (Fig. 5A). About 38% of the patients showed a
microbiological negative result at 7 days, and for about 18%
it was not possible to retrieve the information. The microbio-
logical analysis evaluated several specimens: blood, bron-
choaspirate, urine and CVC. The summary of the positive
samples is reported in Fig. 5B. The analysis of the isolated
microbiological species in the different specimens was per-
formed based on the different outcomes of the SARS-CoV-2
infection (Fig. 6). The panel of the antibiotics used is sum-
marized in Fig. 4S. All the patients were exposed to at least
1 dose of an antibiotic.

Discussion

By observing the cohort of patients, it emerged that males
were more affected by COVID-19 compared to females,
regardless of the clinical outcome and the pandemic phase.
These data confirm previous studies, in which a higher
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Table 3 Summary of the onset symptoms and co-morbidities of the
patients with COVID-19 classified based on the clinical outcome

Onset of symptoms

Deceased (%) Transferred (%)

Dyspnea 73 60
Fever 72 80
Cough 45 53
Asthenia 31 33
Diarrhea 11 16
Myalgia 9.5 16
Hyposmia/Hypogeusia 5.5 3
Headache 5 7
Pharyngodynia 5 7
Sputum 4 0
Nausea/Vomiting 5 7
Co-morbidities
Arterial hypertension* 57 33
Ischemic heart disease 9.5 3
Heart failure 4 -
Atrial fibrillation 13 10
Aneurysm of the aorta 3 7
Congenital heart disease - 34
Valvulopathies 2.4 -
Altered coagulation 2.4 34
Brain stroke 3 -
Dementia 7 -
Parkinson disease 1.5 -
Depression 7 7
Dyslipidemia 21 17
Diabetes 22 23
Obesity 41 50
Bronchial asthma 7.5 7
Chronic obstructive pulmonary 14 10
disease
Chronic renal failure 5
Liver diseases 2 -
Colon diverticulosis 3 -
Inflammatory bowel diseases - 3
Gastroesophageal reflux disease 11 -
Rheumatoid arthritis 4.5 14
Systemic lupus erythematosus - 3
Hypothyroidism 11 14
Arthrosis 3 -
Osteoporosis 5 3
Benign prostatic hyperplasia 11 77
Cancer 11 3
Lifestyle
BMI 29.6 31
Smokers 15.9 6.9
Habitual alcohol users 2.3 34
*=p<0.05

percentage of males with COVID-19 were reported [22].
Different causes, for example the expression of ACE2 recep-
tor, have been considered as an indicator of gender suscep-
tibility [23].

Based on the demographic data, the mean age of the non-
surviving patients was significantly higher than the surviv-
ing ones, as expected. If only deceased patients are consid-
ered, it is interesting to note that the age of the patients in
the first phase was higher, probably because SARS-CoV-2
infection hit the oldest and more susceptible individuals in
the population. Other risk factors were also reported, and
the percentage of smokers was twice as high in deceased
patients compared to the transferred patients, suggesting cig-
arette smoke as a negative predicting factor of the COVID-
19 prognosis [24].

No differences resulted from BMI and alcohol consump-
tion analysis. Several co-morbidities, including hyper-
tension, heart failure, atrial fibrillation, asthma, chronic
obstructive pulmonary disease, and chronic renal failure
were more frequent in deceased patients [25]. The deceased
patients appeared more susceptible to contracting second-
ary infections and had a reduced ability to compensate for
the alterations induced by them [26]. Regarding the onset
of symptoms, our data show that only dyspnea, hyposmia/
hypogeusia and diarrhea have a higher incidence among
deceased patients.

Blood chemistry parameters

Covid-19, and possibly associated secondary infections,
caused various laboratory alterations, with a different trend
between the two groups analyzed. In deceased patients,
there was a statistically significant increase in the indices of
inflammation, creatinine, sodium and potassium, and a sig-
nificant reduction in hemoglobin and lymphocytes, probably
due to the organism's failure to counteract infections and
consequent organ damage [27]. The same laboratory param-
eters in surviving patients showed a significant increase in
lymphocytes, platelets, sodium, and potassium plus a reduc-
tion in the indices of inflammation, hemoglobin and markers
of liver damage [28]. These changes are consistent with a
probable resolution of the infections and, therefore, improve
the clinical outcome.

In this study, the changes in our patients' laboratory test
result over time and the differences between the three pan-
demic waves were also analyzed. Regarding the group of
deceased patients, all the considered parameters were stable
in the first and third waves. In contrast, in the second wave,
leukocytes, procalcitonin, C reactive protein, D-dimer, cre-
atinine, LDH, AST and ALT increased considerably, par-
ticularly from T1 to death, while lymphocytes were reduced.
These differences over time are probably linked to the fact
that in September—December 2020, the patients admitted to
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Fig.1 A PLS model built considering the blood chemistry param-
eters of the deceased patients. This statistical approach allows to
correlate the number of the days of hospitalization with numerical
variables, such as the laboratory parameters, with the aim to quickly
identify which of them change its concentration in line with the clini-
cal evolution of the patients. White circles represent samples at the
moment of the hospital admission (T0); gray circles represent sam-
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ples belonging to the same patients but collected at an intermediate
time of hospitalization; black circles represent the samples collected
from the same patients before death. B The trend of the discrimi-
nant parameters resulted from the multivariate statistical analysis
which changed their concentration significantly during the hospitali-
zation of the deceased patients. Wilcoxon test was employed. **=p
value <0.01, *** =p value <0.001, **** =p value < 0.0001
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Transferred Patients
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Fig.2 A PLS model built considering the blood chemistry param-
eters of the transferred patients. This statistical approach allows to
correlate the number of the days of hospitalization with numerical
variables, such as the laboratory parameters, with the aim to quickly
identify which of them change its concentration in line with the clini-
cal evolution of the patients. White circles represent samples at the
moment of admission to the hospital (T0); gray circles represent sam-
ples belonging to the same patients but collected at an intermediate

time of hospitalization; blue circles represent the samples collected
from the same patients before the transfer from the ICU to other
hospital wards. B The trend of the discriminant parameters resulted
from the multivariate statistical analysis which significantly changed
their concentration during the hospitalization of the transferred
patients. Wilcoxon test was employed. **=p value<0.01, ***=p
value < 0.001, **** =p value < 0.0001
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O Transferred Patients TO
(@] O Deceased Patients TO

Fig.3 PLS-DA model of the TO samples of the patients which had
different outcomes (gray circles are transferred patients while light
blue circles represent deceased patients)

the Nuoro ICU were more affected by other bacterial/fungal
infections which may have contributed to the poor progno-
sis of these patients. Regarding the transferred patients, the
trend over time of the laboratory results in the three waves
was rather stable in the three periods analyzed with mini-
mal variations. In particular, a reduction in the inflammation
indices was observed in the first wave, probably because, in
our region, this was the phase of the pandemic with fewer
COVID-19 cases and fewer deaths, likely related to the
geographical position and the severe restrictive measures
adopted by the government (national lockdown).

Based on the comparison of the laboratory parameters
between the deceased and transferred patients at the admis-
sion time (TO), we didn’t find any significant result, and this
evidenced the lack of a predictive role of them in terms of
prognosis and outcome of the COVID-19 disease. However,
several parameters changed significantly their concentrations
between the two classes of patients starting from the T1
sampling (leukocytes, neutrophils, lymphocytes, LDH, CRP,
D-dimer, creatinine, sodium and potassium), suggesting the
presence of secondary infections during hospitalization,
which may have started to act as reinforcing factors to pro-
mote worsening of the disease in vulnerable patients.

Microbiological data

Another crucial aspect of this study was to focus on second-
ary infections, which comprise the group of all patients with
a positive culture (urine, bronchoaspirate, blood culture, and
CVC) during hospitalization in the ICU. From our analy-
sis, it emerges that among the 156 patients, approximately
44% presented positive cultures, and of these, 80% died.
By analyzing the data from the literature, the percentage
of COVID-19 patients with secondary infections is highly
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variable, ranging between 14 and 100%, depending on the
different inclusion criteria used [8, 15, 29].

Differences in the population, specimen source, and
pathogens of interest are likely responsible for the wide
variations reported [30]. We observed a high percentage of
positive samples, and it is probably because, in our study,
we considered all the positive cultures occurring after 7 days
of hospitalization, including blood and urine cultures, bron-
choaspirate and CVC cultures. Another critical aspect to
consider is the logistical conditions in which the healthcare
personnel had to work, especially during the second wave,
as there was a rapid and sudden increase in COVID-19
cases and ICU admissions. The higher incidence of cathe-
ter-related bloodstream infection could be explained by the
heavy pressure put on the ICU by the COVID-19 outbreak;
in fact, during the peak, the ICU capacity of the Nuoro
hospital had to be increased by 300% to accommodate all
patients requiring critical care. Interestingly, from the micro-
biological analysis, it emerged that deceased patients showed
a higher percentage of positive samples than the transferred
patients considering blood cultures and bronchoaspirate. On
the other hand, a higher percentage of positive samples in
urine cultures and CVC cultures was observed in the group
of transferred patients suggesting that it is correlated with
the longer period of hospitalization. Indeed, the average ICU
stay for the transferred patients was longer than for deceased
patients (31 vs 17 days, respectively), explaining the greater
occurrence of nosocomial infections in the urine and CVC
cultures of the first group of patients.

Our attention focused on the microorganisms likely
responsible for the secondary infections in the two groups
of patients. Staphylococcus aureus, Klebsiella pneumo-
nia, Candida spp, Enterococcus faecalis, Pseudomonas
aeruginosa and above all CoNS were mainly detected in
both groups. These findings are in line with other published
studies [15]. During the hospitalization of our patients,
Klebsiella pneumoniae isolates developed acquired resist-
ance mechanisms, such as ESBL (Extended-Spectrum
B-Lactamase) and carbapenem-resistance, determining a
difficult challenge for the choice of the antibiotic treatment,
especially during the second wave.

Our results are overall consistent with what is already
reported in the literature. Microorganisms mainly involved
in the COVID-19 secondary infections were Mycoplasma
spp., Haemophilus influenzae, P. aeruginosa and S. aureus,
with a discrete variability in the species most represented
and widespread in the various territories and hospitals [12,
31].

Based on our results, it seems clear that secondary infec-
tions may have played a critical role in the negative outcome
of the patients affected by COVID-19. Secondary infections
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Fig.4 Comparisons of the concentrations of the laboratory param-
eters considering the three different time points of the deceased
and transferred patients (red and blue bars, respectively). Mann—
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Fig.5 A Percentage of COVID-
19 patients with secondary
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may have acted as mutually reinforcing factors to promote
the progression to severe and fatal disease. Indeed, severe
COVID-19 caused multiple damages [32], which may favor
rapid bacterial growth; on the other hand, bacterial viru-
lence factors can alter the immune responses, resulting in a
rebound of SARS-CoV-2 infection and disease progression,
leading to higher mortality in severe and critical patients
[33, 34].

Finally, the analysis of our data revealed that the most
used antibiotics were Azithromycin (60%), Piperacillin-
Tazobactam (40%), and Vancomycin (20%). Such a high per-
centage of Azithromycin could be attributed to the fact that,
in many cases, it was already administered to the patients
before hospitalization or in the infectious disease divi-
sions to patients with symptomatic COVID-19. However,
despite Azithromycin has been one of the few drugs used in
COVID-19 patients during the start of the pandemic, there
is currently no evidence to justify the widespread use of this
antibiotic [35]. As for Piperacillin-Tazobactam, it has been
used in many patients as a broad-spectrum empirical ther-
apy, pending the microbiological and antibiogram results.
Finally, Vancomycin was also used in a high percentage of
patients to treat infections caused by Gram-positive bacteria
resistant to other classes of antibiotics.
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Conclusion

The clinical presentation, the presence of co-morbidities,
and the laboratory, as well as microbiology data, can be
valuable tools for identifying the most severe COVID-19
patients facing a poor prognosis. ICU represented a critical
area for the management of patients with severe COVID-
19. Between the first and the other two pandemic phase,
considered in this study, there has not been an implemen-
tation of the resources necessary to properly assist these
patients, such as the number of devices and health work-
ers. This may have been an indirect cause for an increased
spread of infectious agents within the hospital, particularly
in the ICU. Moreover, the higher frequency of isolation of
pathogens may have been caused by the fact that the most
severe and critically ill COVID-19 cases in ICU underwent
invasive procedures, which per se increase the chance of
hospital-acquired infections. For these reasons, it is essential
to monitor the patients with serial microbiological examina-
tions to undertake optimal targeted treatments to avoid the
development of antimicrobial resistance and the spread of
MDR microorganisms, which represents a complex global
problem that cannot be ignored even in the case of super-
imposing emergencies as that of the Sars-Cov2 pandemic.



Clinical and Experimental Medicine

Deceased Patients

Transferred Patients

Blood Colture

CoNS (16%)

Staphylococcus aureus (12%)

Enterobacter aerogenes (8%)

Enterococcus faecalis (8%)

Candida spp (8%)

Escherichia coli (8%)

Bacillus spp. (4%)

Corynebacterium spp. (4%)

Cryptococcus neoformans (4%)

Enterococcus faecium (4%)

Klebsiella oxytoca (4%)

Klebsiella pneumoniae (4%)

Morganella morganii (4%)

wm  Pseudomonas aeruginosa (4%)
Serratia marcescens (4%)
Streptococcus agalactiae (4%)

@

Candida spp (24%)
Pseudomonas aeruginosa (13%)
Serratia marcescens (11%)
Klebsiella pneumoniae (8%)
CoNS (6%)

Staphylococcus aureus (6%)
Enterobacter aerogenes (5%)
Stenotrophomonas maltophila (5%)
Haemophilus influenzae (3%)
Proteus mirabilis (3%)

Cedecea davisae (2%)
Enterobacter cloacae (2%)
Enterococcus faecalis (2%)
Enterococcus faecium (2%)
Escherichia coli (2%)
Klebsiella oxytoca (2%)
Morganella morganii (2%)
Serratia liquefaciens (2%)

Enterococcus faecalis (31%)
Candida spp (18%)

Klebsiella pneumoniae (18%)
Pseudomonas aeruginosa (15%)
CoNS (6%)

Enterobacter aerogenes (3%)
Enterococcus faecium (3%)
Escherichia coli (3%)
Morganella morganii (3%)

CoNS (37%)

Candida spp (27%)
Enterobacter aerogenes (9%)
Enterococcus faecalis (9%)
Klebsiella pneumoniae (9%)
Serratia marcescens (9%)

e

Fig.6 A Microbiological results of the different specimens relative to
the deceased patients. Blood cultures were positive mainly for CoNS
(16%) and S. aureus (12%). Bronchoaspirates were positive mainly
for Candida spp. (24%), P. aeruginosa (13%), Klebsiella pneumoniae
(8%). Urine cultures were positive for E. faecalis (31%), Candida
spp. (18%) and Klebsiella pneumoniae (18%); Finally, CVC cultures,

were positive for CoNS (37%), while Candida spp. were found in
27% of the cases. B Microbiological results of the different specimens
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relative to the transferred patients. Blood cultures were positive for
CoNS (28%), E. faecalis, E. aerogenes, and K. pneumoniae (12%).
Bronchoaspirates were mainly positive for Candida spp. (23%), P.
aeruginosa (18%), CoNS and Escherichia Coli (12%); Urine cultures
were positive for Candida spp (26%). Finally, in CVC cultures, CoNS
were the prevailing bacteria (32%), while P. aeruginosa and K. pneu-
moniae were found in 14%
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