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a b s t r a c t

Background: Despite multiple reports of increased incidence of bacterial respiratory tract infections following 
COVID-19 globally, the microbiology is not yet fully elucidated. In this study, we describe the microbiology of 
bacterial infections and the prevalence of multidrug resistant organisms (MDROs) in hospitalized COVID-19 pa
tients with community-acquired pneumonia (CAP), and hospital-acquired pneumonia (HAP) which includes both 
non-ventilated hospital acquired pneumonia (NVHAP) and ventilator-associated pneumonia (VAP). To our 
knowledge, this is the first study that compares the microbiology of VAP and NVHAP in COVID-19 patients.
Methods: This is a longitudinal retrospective cohort study conducted at the American University of Beirut 
Medical Center (AUBMC), a tertiary-care centre in Lebanon. Adult patients with confirmed COVID-19 and 
concurrent bacterial respiratory infections with an identifiable causative organism who were hospitalized 
between March 2020 and September 2021 were included. Bacterial isolates identified in hospital-acquired 
pneumonia (HAP) were divided into 3 groups based on the time of acquisition of pneumonia after ad
mission: hospital day 3–14, 15–28 and 29–42.
Results: Out of 1674 patients admitted with COVID-19, 159 (9.5%) developed one or more respiratory infections 
with an identifiable causative organism. Overall, Gram-negative bacteria were predominant (84%) and 
Stenotrophomonas maltophilia was the most common pathogen, particularly in HAP. Among 231 obtained iso
lates, 59 (26%) were MDROs, seen in higher proportion in HAP, especially among patients with prolonged 
hospital stay (> 4 weeks). Non-fermenter Gram-negative bacilli (NFGNB) (OR = 3.52, p-value < 0.001), parti
cularly S. maltophilia (OR = 3.24, p-value = 0.02), were significantly more implicated in VAP compared to NVHAP.
Conclusions: NFGNB particularly S. maltophilia were significantly associated with COVID-19 VAP. A high rate 
of bacterial resistance (25%), especially among Gram-negative bacteria, was found which may compromise 
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patients’ outcomes and has important implications in guiding therapeutic decisions in COVID-19 patients 
who acquire bacterial respiratory infections.
© 2023 The Authors. Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 

Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li
censes/by-nc-nd/4.0/).

Background

Viral lower respiratory tract infections are associated with an 
increased incidence of bacterial infections [1]. In fact, some viruses 
can damage the respiratory epithelium, decrease mucociliary clear
ance, and impair local immune responses, rendering the respiratory 
tract susceptible to bacterial invasion [2]. As such, bacterial infec
tions have been reported in around 20–25% of hospitalized patients 
with influenza and are recognized as a major cause of morbidity and 
mortality in those patients [3,4].

Despite multiple reports of increased bacterial respiratory tract in
fections following COVID-19 globally, the microbiology is not fully elu
cidated, particularly in the Middle East and North Africa (MENA) region 
where bacterial resistance is problematic [5,6]. Furthermore, recent 
evidence confirms an increased incidence of ventilator associated events 
during the pandemic and indicates that mechanical ventilation con
tributes to the increased incidence of hospital acquired infections in
cluding nosocomial pneumonia among COVID-19 patients [7,8].

Methods

Aim

This retrospective study aims at describing the microbiology of 
bacterial respiratory infections and the prevalence of multi-drug re
sistant organisms (MDROs) in hospitalized COVID-19 patients. We de
scribe the pathogens implicated in community-acquired pneumonia 
(CAP) and hospital-acquired pneumonia (HAP), including non-venti
lated hospital acquired pneumonia (NVHAP) and ventilator-associated 
pneumonia (VAP). This data is essential to guide empiric antimicrobial 
therapy in this population and informs policies regarding antimicrobial 
stewardship and infection prevention and control. To our knowledge, 
this is the first study that compares the microbiology of VAP and 
NVHAP in hospitalized COVID-19 patients.

Study design and setting

This is a longitudinal retrospective cohort study of bacterial re
spiratory infections in adult patients with confirmed COVID-19 who 
were hospitalized between March 2020 and September 2021 at the 
American University of Beirut Medical Center (AUBMC), a 420-bed 
academic tertiary-care center in Lebanon that serves as a national and 
regional referral centre. AUBMC receives approximately 25,000 in
patient admissions annually and provides comprehensive medical and 
surgical services including ambulatory care, emergency medicine, in
ternal medicine including oncology and bone marrow transplantation, 
pediatrics, obstetrics/gynecology, general/specialized surgery, and 
others. The American University of Beirut Faculty of Medicine is among 
the highest ranked schools of medicine in the Middle East.

Microbiological data and definitions

The Clinical Microbiology Laboratory (CML) at AUBMC is accre
dited by the College of the American Pathologists since 2004. All 
isolates are identified using the Matrix-Assisted Laser Desorption 
Ionization Time-of-Flight Mass (MALDI-TOF) Spectrometry platform. 
Susceptibility testing is performed using the disk diffusion method. 

Our laboratory uses the Clinical and Laboratory Standards Institute 
(CLSI) breakpoints to report susceptibility results.

Hospitalized patients with COVID-19 and bacterial respiratory 
infections were identified using the infection control and prevention 
program (ICPP) records. COVID-19 was diagnosed in symptomatic 
patients with a new infection confirmed by reverse transcriptase- 
polymerase chain reaction (RT-PCR) or rapid antigen testing for 
SARS-CoV-2 from nasopharyngeal swab samples. Patients who had 
asymptomatic infection including those who were admitted for 
other reasons and were incidentally found to have a positive COVID- 
19 RT-PCR test were excluded. We also excluded patients who were 
recovering from previous COVID-19 but had persistently positive 
tests by RT-PCR.

Bacterial respiratory infections were confirmed with sputum or 
deep tracheal cultures, ordered exclusively when the clinical suspi
cion for bacterial pneumonia was high. Clinical diagnosis of pneu
monia was based on the multidisciplinary treating team’s 
assessment in the setting of new lung infiltrate with clinical evi
dence of new onset or worsening fever or sputum production, leu
cocytosis, or worsening oxygenation according to the Infectious 
Diseases Society of America/ American Thoracic Society guidelines 
(IDSA/ATS) [9]. Although the signs and symptoms of bacterial 
pneumonia may greatly overlap with those of severe COVID-19 
(respiratory compromise, increased sputum, increased inflammatory 
biomarkers, new imaging findings), the diagnosis of bacterial 
pneumonia was done by a multidisciplinary team including pul
monologists, intensive care specialists and infectious diseases spe
cialists who adopted a holistic approach to the patient’s clinical, 
biological, microbiological, and radiological findings. The diagnosis 
of pneumonia was confirmed by reviewing the patients’ charts from 
the electronic medical records (EMR). Only pathogens isolated 
within 42 days of positive SARS-CoV-2 tests were included. Sur
veillance cultures from nares and oropharyngeal swabs were ex
cluded.

CAP was defined as pneumonia occurring before or within 48 h of 
hospital admission. HAP was defined as pneumonia occurring 48 h 
or more after admission, including NVHAP and VAP. VAP was defined 
as pneumonia that develops at least two calendar days after in
troduction of invasive mechanical ventilation in a patient with 
supportive clinical and radiographic findings [9,10]. Bacterial isolates 
identified in HAP were further divided into 3 groups based on the 
time of acquisition of pneumonia after admission: hospital day 3–14, 
15–28 and 29–42.

MDRO definition included Extended-Spectrum β-Lactamase- 
producing Enterobacterales (ESBL-PE), Carbapenem-resistant 
Enterobacterales (CRE), Carbapenem-resistant Pseudomonas aerugi
nosa (CRPA), Methicillin-resistant Staphylococcus aureus (MRSA) and 
Multi-drug resistant (MDR) Acinetobacter baumannii. ESBL-PE were 
defined as isolates non-susceptible to at least one of the following: 
cefotaxime, ceftriaxone, ceftazidime or cefepime. CRE were defined 
as isolates resistant to at least one carbapenem (imipenem, mer
openem, or ertapenem). CRPA was defined as non-susceptible to 
imipenem or meropenem. MRSA was defined by resistance to ox
acillin, cefoxitin, or methicillin. MDR Acinetobacter baumannii was 
defined as non-susceptible to at least one agent in at least 3 different 
antimicrobial classes to which susceptibility should be ex
pected [11,12].

A.H. Shmoury, J. Zakhour, T. Sawma et al. Journal of Infection and Public Health 16 (2023) 19–25

20

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Microbiological data, including positive RT-PCR tests or rapid 
antigen testing, bacterial cultures and susceptibility results were 
extracted from the ICPP records. Data were tabulated using the 
Microsoft Excel database.

Data analysis

Data were analyzed using Microsoft Excel 2016 and IBM 
Statistical package for social sciences (SPSS) Statistics 26. The count 
and percentage of isolates corresponding to each organism were 
computed in each of the 4 infection subcategories (CAP, HAP Day 
3–14, HAP Day 15–28, HAP Day 29–42) and in the whole study 
sample. The count and percentage of MDR organisms were de
termined, and the trends of antimicrobial resistance were outlined. 
The microbiology of infections was compared across the 4 infection 
subcategories and according to the type of HAP (VAP vs NVHAP) 
using Chi-squared test or Fisher’s exact test as appropriate. The 
microbiology of COVID-19 VAP was also compared with pre-COVID- 
19 VAP data from our centre.

Results

Patient characteristics

Out of 1674 patients admitted with COVID-19, 159 (9.5%) devel
oped one or more bacterial respiratory infections with an identifi
able causative organism within 42 days of hospitalization. Most 
(69%) were males and median age was 68 years (interquartile range 
[IQR]: 16 years). Diabetes mellitus was the most common co-mor
bidity (40%), followed by coronary artery disease (30%) and hy
pertension (29%). Twenty-one patients (13%) had a history of solid 
organ malignancy, a third of whom (7 patients) had lung cancer, 
while 13 patients (8.2%) had a history of hematologic malignancy. As 
for underlying respiratory pathologies, 26 patients (16%) had chronic 
obstructive pulmonary disease while 5% had asthma.

Microbiological profile

Fifty out of 188 episodes of pneumonia (27%) were CAP, while 138 
(73%) were hospital acquired (HAP), among which 89 were VAP and 
49 were not (NVHAP). Most HAP episodes (74/138, 54%) occurred 
during hospital days 3–14, while 50 and 14 episodes (36% and 10%) 
respectively occurred during days 15–28 and 29–42.

We isolated 231 organisms from respiratory samples obtained 
from 159 patients with COVID-19 and bacterial pneumonia. Among 
those isolates, 59 (26%) were considered MDROs according to the 
criteria defined in the “Microbiological Data and Definitions” sub- 
section in the “Methods” section. Gram-negative bacteria were 
predominant (84%) in the overall episodes compared to Gram-po
sitive bacteria (16%). Stenotrophomonas maltophilia and Klebsiella 
pneumoniae were the most encountered pathogens, each accounting 
for 14% of all infections, followed by Escherichia coli (13%), 
Staphylococcus aureus (13%) and Pseudomonas aeruginosa (11%). The 
frequency and percentage distribution of each organism are pre
sented in Table 1.

Fifty-six pathogens (56/231) were isolated from patients with 
CAP. S. aureus accounted for 27% of CAP followed by Haemophilus spp. 
(25%) and Streptococcus spp. (11%). 175 organisms were isolated from 
samples from subjects with HAP (175/231), with an overt pre
ponderance of Gram-negative bacteria (91%). S. maltophilia (19%) 
was the most common pathogen, followed by K. pneumoniae (16%), E. 
coli (14%), P. aeruginosa (13%), with 8% caused by each of E. cloacae 
and S. aureus.

The highest number of bacterial infections was recorded during 
hospital days 3–14, during which K. pneumoniae (19%) was the most 
common organism, followed by E. coli (16%), S. maltophilia (16%), and 

P. aeruginosa (13%). During hospital days 15–28, S. maltophilia was 
the predominant pathogen (28%), followed by K. pneumoniae (13%), 
P. aeruginosa (12%), E. cloacae (10%). Finally, for days 29–42, E. coli 
was the most common pathogen (26%), followed by P. aeruginosa 
(16%) and S. aureus (16%). Interestingly, no new cases of S. maltophilia 
infection were identified after 29 days of admission, despite it being 
the most common pathogen overall.

Rates of multidrug-resistant organisms

As expected, the rate of MDROs was substantially higher in 
hospital-acquired infections (31%) compared to community-ac
quired infections (8.9%). A considerably higher proportion of MDROs 
was seen with prolonged hospitalization, particularly after 4 weeks 
of hospitalization (63%), compared to infections occurring during 
hospital days 3–28 (27%). The evolution of antimicrobial resistance 
rates is shown in Fig. 1.

Among MDROs, ESBL-PE were predominant (46%) and included E. 
coli (24%), K. pneumoniae (17%) and E. cloacae (5.1%). CRE, which 
represented 14% of MDROs, included mainly E. coli (6.8%) and E. 
cloacae (5.1%). Other encountered MDROs were MRSA (19%), MDR A. 
baumannii (12%) and CRPA (10%). The distribution of MDROs is 
shown in Fig. S1.

Notably, 78% of A. baumannii isolates and 62% of E. coli isolates 
were MDR. MRSA made up 38% of isolated S. aureus. MDR rates for 
other bacteria were: 34% for K. pneumoniae, 33% for E. cloacae, and 
23% for P. aeruginosa. Among Enterobacterales, 34% were ESBL pro
ducers and 10% were carbapenem-resistant. The mechanism of car
bapenem resistance was not identified due to lack of resources.

Ventilator-associated pneumonia vs non-ventilated hospital-acquired 
pneumonia

Two-thirds of HAP episodes (65%) were ventilator-associated. Non- 
fermenting Gram-negative bacilli (NFGNB) accounted for most VAP 
isolates (52%), S. maltophilia being the most common, representing 24% 
of isolates, followed by P. aeruginosa (12%) and A. baumannii (7.6%). 
Burkholderia cenocepacia and Achromobacter xylosoxidans were isolated 
less frequently but exclusively in VAP. Among lactose fermenting pa
thogens isolated in VAP, E. coli was the most common (14%), followed by 
K. pneumoniae (13%) and Enterobacter spp. (7.6%).

As for NVHAP, NFGNB were less common (25%) and involved only 
P. aeruginosa (16%) and S. maltophilia (8.8%). Enterobacterales were 
the most frequent cause of infection with K. pneumoniae being the 
leading pathogen (21%), followed by E. coli (16%), Enterobacter spp. 
(14%). S. aureus and Haemophilus spp. represented 11% and 7% re
spectively of NVHAP isolates.

Compared to other organisms, NFGNB (OR = 3.52, p-value <  
0.001), particularly S. maltophilia (OR = 3.24, p-value = 0.02) were 
significantly more encountered in VAP compared to NVHAP. There 
was no association between invasive mechanical ventilation and 
MDRO pneumonia (p-value = 0.49).

Compared to pre-COVID-19 data on VAP microbiology previously 
published from our centre, the incidence of A. baumannii in COVID- 
19 VAP was lower (7.6% versus 33%), while the incidence of S. mal
tophilia was higher (24% versus 6%) [13] (Fig. 2).

Discussion

In the present study, we report an incidence of bacterial pneu
monia with an identifiable causative organism of 9.5%, which is 
consistent with the rates that have been reported in most studies 
(1.7–16%) [5, 14–16]. However, it is important to note that these rates 
may not accurately reflect the true incidence of HAP in patients who 
were admitted with COVID-19. In reality, the symptoms of COVID-19 
and HAP may overlap [17]. The diagnosis of bacterial pneumonia is 
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further complicated by the isolation of a pathogenic organism on 
respiratory cultures that might be a colonizer [18] or the inability to 
recover an organism due to technical issues. Some patients may have 
clear signs and symptoms of HAP and COVID-19 but may not have an 
identifiable causative organism either because they were previously 
treated with antimicrobials or adequate sampling was not possible 
[17]. Hence, the true incidence of HAP among patients with COVID- 
19 in our centre may not be accurately reflected as we do not have to 
the total number of patients who were considered to have HAP 
without an identifiable causative organism. In accordance with 
previous reports, the common organisms for CAP were confirmed in 
our study (Streptococcus spp., S. aureus, H. influenzae). On the other 
hand, in published reports, Gram-negative bacteria were pre
dominant among patients with HAP and mostly involved P. aerugi
nosa, K. pneumoniae and E. coli [5,19].

Interestingly, we found that S. maltophilia was the most common 
cause of HAP, despite it being reported in only 3.1–5.4% of cases in 
other studies [5,19]. In addition, S. maltophilia was more associated 

with COVID-19 VAP compared to NVHAP (OR = 3.30, p-value = 0.02). 
The incidence of S. maltophilia in VAP in this study (24%) was higher 
than that reported prior to the pandemic in a ten-year surveillance 
study of VAP at our centre (6%) [13] (Fig. 2) and could not be linked 
to a S. maltophilia outbreak during the pandemic, despite thorough 
investigation by the ICPP at our centre in non-published data. Pre- 
COVID-19 evidence indicates that S. maltophilia is usually identified 
in late onset VAP [20]. In addition, a recent meta-analysis that 
identified MV as the major risk factor for S. maltophilia pneumonia 
among non-COVID-19 patients reported an increased risk with 
longer duration of ventilation [21]. This may explain the high pre
valence of S. maltophilia in COVID-19 VAP, considering that COVID-19 
patients often require a longer duration of mechanical ventilation 
[22]. Additional studies are warranted to further understand the 
association between S. maltophilia nosocomial pneumonia and 
COVID-19 and its implications on patients’ outcomes.

Another interesting finding was the low incidence of A. bau
mannii in COVID-19 VAP compared with the previously reported rate 

Table 1 
Evolution of the microbiological profile of bacterial respiratory infections in hospitalized COVID-19 patients. 

Organism Community- acquired Hospital Day 3–14 Hospital Day 15–28 Hospital Day 29–42 Total

Total 56 % 89 % 67 % 19 % 231 %
Gram negative bacteria
Stenotrophomonas maltophilia 0 0 14 16 19 28 0 0 33 14
Klebsiella pneumoniae 4 7.1 17 19 9 13 2 11 32 14
ESBL-producing 0 0 5 5.6 3 4.5 2 11 10 4.3
Carbapenem-resistant 0 0 1 1.1 0 0 0 0 1 0.4
Escherichia coli 5 8.9 14 16 5 7.5 5 26 29 13
ESBL-producing 2 4 7 7.9 3 4.5 2 11 14 6.1
Carbapenem-resistant 0 0 1 1.1 1 1.5 2 11 4 1.7
Pseudomonas aeruginosa 3 5.4 12 13 8 12 3 16 26 11
Carbapenem-resistant 0 0 3 3.4 2 3 1 5.3 6 2.6
Enterobacter cloacae 4 7.1 6 6.7 7 10 1 5.3 18 7.8
ESBL-producing 0 0 1 1.1 2 3 0 0 3 1.3
Carbapenem-resistant 0 0 1 1.1 1 1.5 1 5.3 3 1.3
Haemophilus spp. 14 25 3 3.4 1 1.5 0 0 18 7.8
Acinetobacter baumannii 0 0 3 3.4 4 6 2 11 9 3.9
Multidrug-resistant 0 0 2 2.2 3 4.5 2 11 7 3
Burkholderia cenocepacia 0 0 0 0 2 3 1 5.3 3 1.3
Enterobacter aerogenes 0 0 2 2.2 1 1.5 0 0 3 1.3
Other gram-negative bacteria 4 7.1 11 12 6 9 1 5.3 22 9.5
Gram positive bacteria
Staphylococcus aureus 15 27 6 6.7 5 7.5 3 16 29 13
Methicillin-resistant 3 5.4 3 3.4 3 4.5 2 11 11 4.8
Streptococcus spp. 6 11 0 0 0 0 0 0 6 2.6
Other gram-positive bacteria 1 1.8 1 1.1 0 0 1 5.3 3 1.3

Fig. 1. Trends of antibiotic resistance in bacterial respiratory infections identified among hospitalized COVID-19 patients. C-A = Community-acquired; D3–14, D15–28, 
D29–42 = Acquired during hospital day 3–14, 15–28 and 29–42 respectively. ESBL-PE = Extended-Spectrum β-Lactamase-producing Enterobacterales; CRE = Carbapenem-resistant 
Enterobacterales; CRPA = Carbapenem-resistant P. aeruginosa; MRSA = Methicillin-resistant Staphylococcus aureus; MDR-A = Multidrug-resistant A. baumannii.
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in pre-COVID-19 VAP at our institution (7.6% versus 33%) [13] (Fig. 2). 
In fact, several intensive care unit (ICU) clusters and outbreaks of A. 
baumannii were reported at our institution in the pre-COVID era and 
were successfully contained by the ICPP efforts [23,24]. A rigorous 
antimicrobial stewardship program relying on carbapenem-sparing 
resulted in significantly reduced rates of resistance among A. bau
mannii at AUBMC [24]. The consistent implementation of strict in
fection control measures throughout the pandemic, as evidenced by 
the absence of outbreaks or clusters during this period, likely ex
plains the decline in A. baumannii burden observed in COVID-19 VAP 
relative to pre-COVID cases.

We found that 25% of the isolated pathogens were MDROs, 
matching previous reports from different centers [18, 19, 25, 26]. 
However, higher resistance rates were encountered among A. bau
mannii (78%) and E. coli (62%) compared to earlier reports (68% and 
36% respectively) [27]. The CDC reports a significant increase in the 
threat estimate of MDROs during the COVID-19 pandemic, likely 
driven by the inappropriate and excessive use of antibiotics due to 
the difficulties in discerning COVID-19 pneumonia from bacterial 
pneumonia and differentiating between colonization and infection 
in COVID-19 patients [28]. Besides, seeing that risk factors for CRE 
acquisition such as antibiotic exposure, ICU stay and mechanical 
ventilation are common among this patient population, an increase 
in the incidence of CRE infections is expected [29]. In the 2022 CDC 
special report on COVID-19 and AMR, a 35% increase in the in-hos
pital threat estimate of CRE among hospitals in the US is alarming 
[28], especially that CRE HAP/VAP constitutes an independent risk 
factor for mortality in COVID-19 hospitalized patients [30]. The 
sharp increase in CRE rates may be related to the increased pro
portion of hospitalized severely ill patients during the pandemic, 
who require longer hospital stays.

NFGNB are emerging as a major infection control challenge. We 
have demonstrated that NFGNB were implicated in 52% of VAPs 
among COVID-19 patients and were more likely to occur in VAP 
compared to NVHAP (OR = 3.52, p-value < 0.001). These pathogens 
represent a major threat owing to their intrinsic multidrug re
sistance and ability to acquire resistance to novel antimicrobials 
[31]. In the Centres for Disease Control and Prevention (CDC) 2022 
AMR and COVID-19 report, carbapenem-resistant Acinetobacter spp. 
showed the greatest increase in hospital-onset threat estimate 
among MDR organisms from 2019 to 2020 (78% increase), while 
MDR P. aeruginosa’s hospital-onset threat estimate increased by 32% 

[28]. This high antimicrobial resistance among NFGNB can be traced 
back to the pre-COVID-19 era [32]. VAP due to NFGNB has been re
ported to recur at a higher rate than VAP involving other organisms 
[33]. Moreover, evidence suggests that a prolonged course of anti
biotic therapy is necessary to treat VAP due to NFGNB, likely re
flecting the difficulty in eradicating these highly resistant organisms 
[33]. Understanding the epidemiological characteristics of this group 
of pathogens would allow early and targeted interventions to opti
mize treatment as well as infection control and prevention mea
sures.

Interestingly, an increased risk of bacterial pneumonia is noted 
among individuals with low plasma vitamin D, both in observational 
and genetic analyses [34]. Severe Vitamin D deficiency has been 
observed among elderly patients with community-acquired pneu
monia [35]. Besides, the case-fatality rate of influenza and the rate of 
pneumonia as a complication of influenza during the 1918–1919 
influenza pandemic in the United States were inversely related to 
ultraviolet-B irradiance and population mean vitamin D status [36]. 
In fact, in vitro studies have demonstrated that vitamin D modulates 
the innate immune response to respiratory pathogens as Strepto
coccus pneumoniae, respiratory syncytial virus and the influenza 
virus. Vitamin D promotes the expression of pathogen recognition 
receptors (Toll-like receptor 2 (TLR2), TLR4, TLR7 and nucleotide- 
binding oligomerisation domain-containing protein 2 (NOD2)), up
regulates antimicrobial peptide expression (LL-37, human neutrophil 
peptide (HNP) 1–3 and β-defensin), enhances autophagosome pro
duction reducing apoptosis, and modulates the production of in
flammatory cytokines (Interleukin (IL)− 1β, tumour necrosis factor-α 
(TNF-α), interferon-γ (IFN-γ), IL-12p70, IFN-β, Regulated on Activa
tion, Normal T cell Expressed and Secreted (RANTES), IL-10) and 
chemokines (IL-8 and C-X-C motif chemokine ligand 10 (CXCL10)) 
[37]. Current evidence also reveals an association between low vi
tamin D levels and poor COVID-19 outcomes; however this asso
ciation might be confounded by other variables including older age 
and comorbidities such as diabetes and obesity, which are known 
risk factors for both low vitamin D levels and poor COVID-19 out
comes. Evidence for the role of vitamin D supplementation in the 
prevention of COVID-19 and COVID-19 complications is promising 
but further high-quality, randomized controlled trials are needed to 
reach conclusive recommendations [38]. Meanwhile, prior evidence 
suggests that intensive vitamin D supplementation before and 
during hospital stay might help reduce the risk of hospital acquired 

Fig. 2. Distribution of bacterial pathogens implicated in COVID-19 VAP vs. pre-COVID-19 VAP data from our center. 
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infections [39] While vitamin D levels were not available for this 
cohort, we recognize that there is a potential role for vitamin D in 
reducing the risk of pneumonia and hospital-acquired infections.

Our study is the first to compare the microbiology of NVHAP and 
VAP in hospitalized COVID-19 patients. Despite being a single centre 
study with limited generalizability of findings, our results are relevant as 
our hospital serves as a referral tertiary care center for the whole country 
and our findings may reflect the local epidemiology of pathogens and 
can guide empirical therapy of COVID-19 patients with bacterial pneu
monia. Additionally, data on the epidemiology of infections in low- and 
middle-income countries (LMICs) is of paramount importance for global 
antimicrobial resistance surveillance systems. Studies reporting epide
miological data on resistance such as ours can greatly contribute to the 
reports that are issued by global health stakeholders such as the World 
Health Organization (WHO), the Global Antimicrobial Resistance and 
Use Surveillance System (GLASS) and the CDC. Such data underscore the 
importance of implementing rigorous antimicrobial stewardship and 
infection control and prevention in LMICs as AMR is a global crisis. Our 
findings of an association between S. maltophilia pneumonia and COVID- 
19 combined with the recent reports of a similar association highlight 
the need for future studies to understand causalities and implications of 
this organism in this patient population. Our study is limited by the 
absence of patient-level data which may be used to elaborate on asso
ciations between certain patient characteristics and specific organisms. 
We also acknowledge that the retrospective design of our study reduced 
our control over confounding factors, especially with the lack of data on 
patient comorbidities, previous bacterial colonization, antibiotic use 
prior to the onset of pneumonia and the duration of mechanical venti
lation in patients who developed VAP. Additionally, we were not able to 
report an accurate incidence rate as we only included patients with 
COVID-19 and bacterial pneumonia with an identifiable organism and 
have not reported cases where the causative organism was not identified 
either due to previous antimicrobial treatment or unobtainable samples. 
The absence of validated criteria for the diagnosis of HAP in patients 
with COVID-19 may also have impaired the differentiation between 
nosocomial pneumonia (especially VAP) and progression of COVID-19 
itself. However, the implementation of a rigorous multidisciplinary an
timicrobial stewardship program at our centre has likely palliated this 
effect.

Conclusion

Our study reported the microbiological profile of community- 
acquired and hospital-acquired bacterial respiratory infections in 
patients with COVID-19 who are admitted to a tertiary care center in 
Lebanon. Overall, we reported a predominance of Gram-negative 
bacteria among patients with HAP. We noticed a variability of pre
dominant pathogens according to the time since hospitalization. 
MDROs represented 25% of all isolates and constituted a major 
burden especially in patients with HAP and prolonged hospitaliza
tion. Interestingly, NFGNB, particularly S. maltophilia, were strongly 
associated with VAP. In fact, S. maltophilia was the most common 
pathogen, particularly in HAP. This finding may greatly impact the 
approach to the choice of empirical antimicrobial agents for patients 
with COVID-19 and HAP. Future studies are needed to investigate the 
cause and implications of this association. Understanding the mi
crobiology of bacterial infections, resistance patterns and predis
posing factors is vital for guiding therapeutic decisions in COVID-19 
patients who acquire bacterial infections and antimicrobial stew
ardship efforts. Epidemiological data from LMICs is of paramount 
importance for addressing the global crisis of AMR. The emergence 
of some very resistant organisms will likely continue to be proble
matic beyond the pandemic.
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