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Abstract

Background: Coronavirus SARS-CoV-2 causes COVID-19 iliness which can progress to severe pneumonia. Empiric
antibacterials are often employed though frequency of bacterial coinfection superinfection is debated and concerns
raised about selection of bacterial antimicrobial resistance. We evaluated sputum bacterial and fungal growth from
165 intubated COVID-19 pneumonia patients. Objectives were to determine frequency of culture positivity, risk factors
for and outcomes of positive cultures, and timing of antimicrobial resistance development.

Methods: Retrospective reviews were conducted of COVID-19 pneumonia patients requiring intubation admitted to
a 1058-bed four community hospital system on the east coast United States, March 1 to May 1, 2020. Length of stay
(LOS) was expressed as mean (standard deviation); 95% confidence interval (95% Cl) was computed for overall mortal-
ity rate using the exact binomial method, and overall mortality was compared across each level of a potential risk
factor using a Chi-Square Test of Independence. All tests were two-sided, and significance level was set to 0.05.

Results: Average patient age was 68.7 years and LOS 19.9 days. Eighty-three patients (50.3% of total) originated from
home, 10 from group homes (6.1% of total), and 72 from nursing facilities (43.6% of total). Mortality was 62.4%, highest
for nursing home residents (80.6%). Findings from 253 sputum cultures overall did not suggest acute bacterial or fun-
gal infection in 73 (45%) of 165 individuals sampled within 24 h of intubation. Cultures > 1 week following intubation
did grow potential pathogens in 72 (64.9%) of 111 cases with 70.8% consistent with late pneumonia and 29.2% sug-
gesting colonization. Twelve (10.8% of total) of these late post-intubation cultures revealed worsened antimicrobial
resistance predominantly in Pseudomonas, Enterobacter, or Staphylococcus aureus.

Conclusions: In severe COVID-19 pneumonia, a radiographic ground glass interstitial pattern and lack of puru-

lent sputum prior to/around the time of intubation correlated with no culture growth or recovery of normal oral
flora + yeast. Discontinuation of empiric antibacterials should be considered in these patients aided by other clinical
findings, history of prior antimicrobials, laboratory testing, and overall clinical course. Continuing longterm hospitali-
sation and antibiotics are associated with sputum cultures reflective of hospital-acquired microbes and increasing
antimicrobial resistance.
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Trial registration: Not applicable as this was a retrospective chart review study without interventional arm.
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Background

Coronavirus SARS-CoV-2 causes COVID-19 disease typ-
ically presenting with fever, cough, fatigue and dyspnea
[1]. Pulmonary symptoms may follow direct viral inva-
sion and later immune-mediated “cytokine storm” [2,
3]. In severe COVID-19, clinical features often are con-
sistent with sepsis and septic shock [4]. Lung pathology
reflects viral injury, bacterial superinfection, or immune-
mediated endothelitis and microthrombosis [5, 6]. In the
United States, COVID-19 infections and associated hos-
pitalisations, intensive care unit (ICU) utilization, and
ventilator usage surged in Spring and Fall 2020. Diagnosis
and management of individuals with fever and respira-
tory disease associated with COVID-19 remain challeng-
ing and therapeutic approaches continue to evolve [7, 8].

Respiratory viral infections, especially influenza, are
associated with bacterial and fungal superinfection [9—
11]. This has also been noted in previous coronavirus
outbreaks of Severe Acute Respiratory Syndrome (SARS)
[12] and Middle Eastern Respiratory Syndrome (MERS)
[13]. However, there is relatively little data on prevalence
and severity of bacterial and fungal superinfections in
COVID-19. Current World Health Organization guid-
ance does not recommend routine antibiotic treatment in
COVID-19 though this applies to moderate disease with-
out clinical suspicion of bacterial infection [14]. Severe
COVID-19 with pulmonary infiltrates and a septic pic-
ture progressing to respiratory failure commonly leads
to antimicrobial agents directed at bacterial superinfec-
tion [15-18]. Use of immunosuppressants such as tocili-
zumab and dexamethasone [19, 20] to combat COVID-19
cytokine storm also contributes to empiric antibacterial
and antifungal therapy [21]. This in turn raises concerns
about development of antimicrobial resistance (AMR)
[22-25].

Preliminary data suggested bacterial and fungal super-
infection may be less common in COVID-19 pneumonia
than in influenza [26, 27]. Initial studies were predomi-
nantly from China [28] with a need for larger study num-
bers, greater geographic distribution, and longer follow
up of patients suggested [29, 30]. Recently published
microbiologic studies come from China [7], Europe
[16, 17, 31-33] and the Americas [34, 35]; most stud-
ies have been retrospective and based on a hospitalized
population. However, some present data collected dur-
ing the early stages of COVID-19 infection and more
likely reflect community-acquired infection [18]. Others

compile cultures from long duration hospital stays and
include nosocomial infections but may not clearly dif-
ferentiate early versus late infections, define hospital-
acquired pneumonia (HAP) versus ventilator-associated
pneumonia (VAP), or clearly delineate infection from
respiratory tract colonization. Accordingly characteriza-
tion of positive respiratory cultures by time course and
differentiation of infection from colonization was desir-
able. Optimal pneumonia management in COVID-19
patients would reduce prolonged antibiotic courses,
restrain development of multidrug-resistant pathogens,
and conserve hospital resources [36, 37].

Methods

Study setting

The Main Line Health System (MLHS) consists of five
hospitals just northwest of Philadelphia, Pennsylvania, in
the mid-Atlantic United States. The system’s four acute
care teaching hospitals total 1058 beds including 138
ICU beds. MLHS hospitals began seeing COVID-19 in
early March 2020. MLHS had 801 total COVID-19 dis-
charges by May 1, 2020; individual hospitals saw 121-323
discharges.

Ethical approval and data collection

After Institutional Review Board approval, we compiled
a list of patients with positive nasopharyngeal polymer-
ase chain reaction (PCR) assays for SARS-CoV-2 virus
who were intubated and admitted to ICU between March
1 and May 1, 2020, inclusive. Cases were reviewed indi-
vidually online. Analysis used FileMaker™® database
software on secure computers. Of 188 total patients, 23
were excluded due to lack of positive SARS-CoV-2 PCR
within study dates (3 patients), no radiographic evidence
of pneumonia during admission (3), death within 48 h of
admission (13), palliative care chosen on admission (1),
and ICU admission due to non-COVID-19-related criti-
cal illness (3). Cases meeting study criteria were reviewed
from admission until discharge or death; one patient
was still hospitalised after 90 days when study follow up
ended.

Prior and concurrent medications including antibiotics

Of 165 patients meeting study criteria, 34 (20.6%)
had received antibiotics prior to admission. Regimens
encountered more than once were azithromycin (10),
amoxicillin/clavulanate (3), cephalexin/cefuroxime (3),
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levofloxacin (3), ceftriaxone (3), and TMP-SMX (2).
Admission protocol at the time called for 5 days hydroxy-
chloroquine (HCQ) and azithromycin as potential treat-
ment for COVID-19; almost all patients received HCQ
and 78 (47.3%) of patients received azithromycin. Excep-
tions had allergic or QTc prolongation contraindications
to these drugs and azithromycin use decreased substan-
tially by early April 2020 based on lack of demonstrated
efficacy.

Following admission, of the 165 patients reviewed,
123 required vasopressors, 54 were given tocilizumab,
and 7 received extracorporeal membrane oxygenation
(ECMO). Additionally, at intubation 144 (87.3%) were
started on empiric antimicrobials directed at potential
concurrent bacterial pneumonia; most commonly used
were ceftriaxone in 59 (=41% of regimens), a differ-
ent 3rd generation cephalosporin in 8 (5.6%), vancomy-
cin+3rd generation cephalosporin+ metronidazole in
25 (17.4%), vancomycin + piperacillin/tazobactam in 12
(8.3%), piperacillin/tazobactam in 2 (1.4%), and fluoro-
quinolone in 2 (1.4%).

Definitions and data analysis

Each sputum culture obtained or ordered was evaluated;
cultures within 48 h of each other with identical results
were considered a single culture. Results were catego-
rized as no sputum obtained, ordered/not done, without
growth, contaminated, or based on organism(s) recov-
ered. Clinical significance was defined:

Pneumonia on admission without intubation: radio-
graphic evidence of pneumonia within 72 h of admission
but >4 days prior to intubation.

Prneumonia within 24 h of intubation: radiographic
evidence of pneumonia during the 24 h before or after
intubation.

Late pneumonia: radiographic evidence of worsening
pneumonia occurring more than 7 days since any prior
pneumonia diagnosis and treatment.

Colonization: growth of organism(s) other than nor-
mal oral flora+yeast without radiographic evidence of a
change in infiltrate appearance; no antibiotic ordered in
response.

Antibiotic course: antimicrobial therapy>5 days
directed against documented or suspected respiratory
pathogen(s); completed or interrupted by patient death/
change to palliative care.

Episodes of pneumonia or colonization had to be sepa-
rated from other episodes by at least 7 days. Determina-
tion of infection versus colonization was based on review
of contemporaneous notes of attending infectious dis-
eases consultants, pulmonary critical care specialists,
and/or internist/hospitalists; in addition, hospital anti-
biotic orders helped distinguish diagnoses of infection
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from colonization, and discharge summaries were used
to confirm pneumonia diagnoses. Radiographic evidence
of pneumonia were based on a radiologist’s CXR or CT
scan official report citing new evidence of pneumonia or
changes suggestive of worsening pneumonia.

Development of antimicrobial resistance (AMR): Repet-
itive sputum isolation during a patient’s hospitalisation
of the same microorganism which had acquired signifi-
cantly increased antimicrobial resistance determinates
compared with original isolate.

Sputum cultures were judged to be less suggestive of
pyogenic bacterial infection if no sputum was obtained,
culture was without growth, or only normal oral
flora+yeast was isolated; potential for prior antimicro-
bial therapy suppressing potential respiratory pathogens
was a concern in certain subgroups.

Statistical methods

Length of stay (LOS) is described as mean (standard
deviation) and categorical variables are described as fre-
quency or percentage. A 95% confidence interval (95%
CI) was computed for overall mortality rate using the
exact binomial method, and overall mortality was com-
pared across each level of a potential risk factor using a
Chi-Square Test of Independence. All tests were two-
sided, and significance level was set to 0.05. Data was
analyzed in Stata/MP 15.1 (StataCorp LP, Texas, USA).

Results

Demographics of study population and clinical outcomes
Table 1 shows characteristics and clinical outcomes for
165 patients studied. Overall mortality was 62.4% (95%
CL 54.6, 69.8%). Men constituted 55.8% of patients;
mortality was 57.6% for men compared with 68.5% for
women (p=0.152). Mortality increased with increas-
ing age and patients admitted from home had a mortal-
ity of 45.8% compared with 70% in those coming from
group homes (p=0.148) and 80.6% from nursing homes
(p<0.001). History of hypertension, obesity (body mass
index > 30), smoking-related issues, and diabetes mellitus
were common but did not have statistically significant
associations with mortality.

Sputum culture findings

Results of 253 sputum cultures from 165 individual
patients are shown in Fig. 1. Approximately one-third
of cultures grew only normal oral flora (n=283, 32.8%)
and an additional group grew only yeast or normal flora
plus yeast (n=33, 13.0%). Three cultures grew Aspergil-
lus species not felt to represent infection upon review of
patient records and treatment regimens, while 12 (4.7%)
were “without growth” Influenza A/B and respiratory
syncytial virus swabs were done in 21 patients and all
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Table 1 Demographics and risk factors bearing on outcomes for 165 COVID-19 patients

Category/risk factor # Patient (% of total) # Died (% of total) p-value LOS (survivors)
days, Mean
All patients 165(100%) 103 (62.4%) 285
Sex 0.152
Male 92 (55.8%) 53 (57.6%) 275
Female 73 (44.2%) 50 (68.5%) 30.1
Age <0.001
<65 years 61 (37%) 26 (42.6%) 259
65 to 80 years 71 (43%) 49 (69%) 33.1
>80 years 33 (20%) 28 (84.9%) 258
Race 0.094
White 71 (43%) 50 (70.4%) 27.2
Black 86 (52.1%) 50 (58.1%) 276
Asian, hispanic, other 8 (4.9%) 3(37.5%) 40
Residence <0.001
Home 83 (50.3%) 38 (45.8%) 29.2
Group home 10 (6.1%) 7 (70%) 23.7
Nursing facility 72 (43.6%) 58 (80.6%) 27.2
LOS until death
(days)
Age vs. LOS until death
<65 years 61 (37%) 26 (42.6%) 16.7
65-80 years 71 (43%) 49 (69%) 14.2
>80 years 33 (20%) 28 (84.8%) 13.8
Residence vs. LOS until death
Home 83 (50.3%) 38 (45.8%) 18.6
Group home 10 (6.1%) 7 (70%) 10.9
Nursing facility 72 (43.6%) 58 (80.6%) 126

LOS length of STAY

were negative. Viral respiratory panels were done in 5
patients with one positive for coronavirus OC43. While
not definitive, we posit based on chart review that most
of these culture findings were not suggestive of bacterial
infection.

A single Gram-positive bacterium was recovered from
an additional 47 (18.6%) sputum cultures; these were pre-
dominantly Staphylococcus aureus, methicillin-suscepti-
ble (MSSA) (28, 11.1%) and methicillin-resistant (MRSA)
(15, 5.9%). MRSA probes were done in 84 instances; six
tests were positive but only three correlated with isola-
tion of MRSA from sputum culture. Growth of a single
Gram-negative bacterium constituted 51 cultures (20.2%)
with Pseudomonas aeruginosa being most prevalent
(n=25, 9.9%). Cultures growing two or more bacterial
species were noted in 23 instances (9.1%), predominantly
combinations of Gram-positive and Gram-negative
organisms (14 cases) and Gram-negative flora only (8
cases) with one culture having only Gram-positive flora.

Staphylococcus aureus and Pseudomonas aeruginosa
were the most common bacteria found in mixed cultures.

Significance of sputum culture timing related

to pneumonia diagnosis and intubation

In Table 2, sputum results are correlated with timing of
cultures relative to hospital admission and intubation
and likely clinical significance. Submission of sputum
cultures was associated with signs and symptoms of
infection, including fever, cough, and leukocytosis, and
a radiographic study showing a new infiltrate or wors-
ening of prior findings. Tracheal aspirate cultures were
commonly ordered at the time of intubation. Sputum
was not obtained due to lack of patient production of
sputum or, in a minority of cases, death or change to
palliative care prior to obtaining sputum adequate for
culture. Overall, there were 114 expectorated sputa, 98
tracheal aspirates, and 110 labelled only as “sputum”
(most obtained during periods of intubation, there-
fore likely tracheal aspirates). Seven bronchial lavage
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w/o growth (12)
contaminated (1) (5.1%)

normal oral
flora (n=83)
(32.8%)

yeast +
normal flora
(n=33, 13%)

Pseudomonas a.
(25, 9.9%)

6 Enterobacter cloacae / aerogenes
5 Citrobacter koseri

4 E. coli

4 Proteus mirabilis

3 Klebsiella pneumoniae
1 Serratia marcescens

1 Burkholderia cepacia

Enteric GNRs
(24, 9.5%)

1 Haemophilus influenzae
1 Moraxella catarrhalis

1 Pseudomonas a. + Enterobacter c.
1 Pseudomonas a. + E. coli

1 Pseudomonas a. + Klebsiella p.

1 Achromobacter x. + Proteus m.

1 Citrobacter k. + Klebsiella p.

1 E. coli + Proteus m.

2 Pseudomonas a. + Acinetobacter c.

Fig. 1 Distribution of all 253 sputum culture results from 165 patients with COVID-19 requiring intubation, March 1 to May 1
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procedures were performed, with cultures yielding two
Pseudomonas a., one MSSA, and one yeast. Two tran-
stracheal aspirations were performed and grew MRSA
and yeast in one each. Six pleural fluid cultures were
performed with one growing Pseudomonas a. matching
a sputum isolate.

Admission radiographic and culture findings

Thirty-three patients had chest X-rays (CXRs) showing
pneumonia upon admission but did not require intuba-
tion until four or more days later (range=4-11 days)
(Table 2). The majority were not producing sputum
(26 =78.8%) while 4 (12.1%) sputum cultures yielded nor-
mal flora only. One culture grew MRSA, one was ordered
but not completed, and one was deemed to be contami-
nated. Admission CXRs for patients not requiring intu-
bation initially revealed 30 (90.9%) had only interstitial
“ground glass” opacities while the remaining 3 (9.1%)

included alveolar airspace disease. The MRSA isolate
was from a nursing home resident, associated with alveo-
lar airspace disease, and judged clinically relevant and
treated. Notably, 18 (54.5%) of these patients received
intravenous antibacterials in addition to hydroxychloro-
quine and/or azithromycin.

Observations at time of intubation

All 165 patients studied were known to be COVID-19
(+) and were in varying degrees of respiratory distress
with worsening respiratory failure upon admission. Con-
temporaneous records note that all had or were evolv-
ing severe pneumonia within 24 h of intubation. No
sputum was cultured in 25 (15.2%) cases, while there
was no growth in 11 (6.7%), normal oral flora only in 62
(37.6%), and yeast+normal oral flora in 16 (9.7%). Thus
114 (69.1% of study patients) did not have culture data
directly supporting a diagnosis of bacterial infection at
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Table 2 Sputum culture results related to timing of pneumonia diagnosis and intubation

PNA on ADM before intubation PNAw/in 24 h Late PNA > 1 week Colonization > 1
(n=33) of intubation after intubation week after intubation
(n=165) (n=280) (n=31)

No. (%) receiving antibiotics (Nn=18, 54.5%) (n=144, 87.3%) (n=280, 100%) (n=20, 64.5%)
No sputum obtained (50)* 26 21 3 -
Ordered, not done (6) 1 4 1 -
Without growth (12) - 1 - 1
Normal oral flora only (83) 4 62 13 4
Contaminated (1) 1 - - -
Yeast 4+ normal oral flora (33) - 16 12 5
Solitary Gram-positive (47)
MSSA - 17 9 2
MRSA 1 6 8 -
Staph pseudintermedius - - 1 -
Streptococcus mitis - 1 - -
Streptococcus pyogenes - 1 - -
Streptococcus pneumoniae - - 1 -
Solitary Gram-negative (51)
Pseudomonas aeruginosa - 3 14 8
Escherichia coli - 4 - -
Proteus mirabilis - 1 2 1
Citrobacter koseri - 2 1 2
Enterobacter a/c - 1 3 2
Klebsiella pneumoniae - - 2 1
Serratia marscescens - - 1 -
Burkholderia cepacia - - 1 -
Haemophilus influenzae - 1 - -
Moraxella catarrhalis - 1 - -
Combination (Gram pos/pos) (1)
Alpha strep not gr A, MSSA - - - 1
Combination (Gram pos/neg) (14)
MSSA, E. coli - 2 - -
MSSA, Klebsiella p - 1 1 1
MSSA, Proteus m - - - 1
MSSA, Ps. a - - 1 -
MRSA, E. coli - 1 - -
MRSA, Enterobacter a., Ps. a - 1 - -
MRSA, H. influenzae, Ps. a - 1 - -
MRSA, Proteus m - - - 1
MRSA, Ps.a - - 2 -
Strep pneumoniae, E. coli - 1 - -
Combination (Gram neg/neq) (8)
Ps. a., Acinetobacter - 1 - 1
Ps. a.,, Enterobacter ¢ - - 1 -
Ps.a., E. coli - 1 - -
Ps. a., Klebsiella p - - 1 -
Achromobacter x., Proteus m - 1 - -
Citrobacter k., Klebsiella p - - 1 -
E. coli, Proteus m - - 1 -

Other fungi (3)
Aspergillus species - 3 _ _
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Table 2 (continued)
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PNA on ADM before intubation PNAw/in 24 h Late PNA > 1 week Colonization > 1
(n=33) of intubation after intubation week after intubation
(n=165) (n=80) (n=31)
Residence vs. culture results
Home 20 (60.6% total) 84 (50.9%) 57 (71.2%) 21 (67.7%)
Group Home 3(9.1%) 10 (6.1%) 4 (5.0%) 0 (0%)
Nursing Home 10 (30.3%) 71 (43.0%) 19 (23.8%) 10 (32.3%)

ADM CXR, not intubated (33)

GGO only
contaminated)
Includes consolidation
MRSA)
CXR at intubation (165)
Predom. interstitial, GGO
no culture growth, 1 MSSA, 2 MRSA)

130 (56 normal flora, yeast; 15 no
sputum; 7 no growth; 4 ordered, not
done; 48 potential pathogens most

Predom. consolidation

common =16 MSSA, 4 MRSA, 4 E. coli,

30 (3 normal flora, yeast; 26 no sputum; 1

3 (1 normal flora, 1 ordered, not done, 1

35 (22 normal flora, yeast; 6 no sputum, 4

3Ps.a)
Intubation culture vs. residence, outcome Isolate nos From group or nursing home no. (%) Overall
mortality
(%)
Normal flora or yeast 78 44 (43.6%) (56.4%)
MSSA only 17 12 (70.6%) (64.7%)
MRSA only 6 (100.0%) (100.0%)
Pseudomonas a. only 3 2 (66.7%) (66.7%)
Aspergillus only 3 2 (66.7%) (66.79%)
Any MSSA in culture 20 12 (60.0%) (70.0%)
Any MRSA in culture 9 9 (100.0%) (88.9%)
Any Ps. a.in culture 7 6 (85.7%) (71.4%)

PNA pneumonia, ADM admission, MSSA methicillin-susceptible Staphylococcus aureus, MRSA methicillin-resistant Staphylococcus aureus, Staph pseudintermedius
Staphylococcus pseudintermedius, Enterobacter a./c. Enterobacter aerogenes/cloacae, Alpha strep not group A alpha streptococcus not group A, Ps. a. Pseudomonas
aeruginosa, H. influenzae Haemophilus influenzae, Proteus m. Proteus mirabilis, E. coli Escherichia coli, Klebsiella p. Klebsiella pneumoniae, Acinetobacter c. Acinetobacter
calcoaceticus, Achromobacer x. Achromobacter xylosoxidans, Citrobacter k. Citrobacter koseri

intubation. However, the remaining 51 (30.9% of study
patients) did grow a potential pathogen, primarily bac-
terial (48=94.1% of pathogens) and a few Aspergillus
species isolates. (3=5.9% of pathogens). Staphylococ-
cus aureus was the most common solitary bacterial iso-
late upon intubation with methicillin-susceptible strains
(17=33.3% of pathogens), nearly thrice the number of
MRSA isolates (6=11.8% of pathogens). Escherichia coli
(4="7.8%) and Pseudomonas aeruginosa (3=5.9%) were
the most common of a variety of solitary gram-negative
potential pathogens. Polymicrobial growth was seen in
10 cultures (19.6% of those with potential pathogens);
MSSA, MRSA, and Pseudomonas aeruginosa were most
commonly represented.

Results of cultures from nonrespiratory sites
Numerous blood cultures were obtained through-
out the study period; 40 were positive with 16 growing

coagulase-negative staphylococcus. Five cultures from
one patient grew Pseudomonas a. which was consist-
ent with lung cultures. Two cultures grew Streptococcus
mitis in the same patient, one grew Streptococcus pneu-
moniae, and one grew Candida a.; these were consistent
with concurrent sputum culture results. The remaining
blood cultures grew an additional Pseudomonas a. (1), E.
coli (6), Proteus m. (3), Streptococcus salivarius (2), Bifi-
dobacterium (2), Bacillus sp. (1) without correlation with
sputum culture results. Twenty-six urine cultures were
obtained within 7 days before or after one of the episodes
of potential pneumonia studied. The isolates were E. coli
(9), Klebsiella p. (5), Pseudomonas a. (2), Enterococcus
faecalis (2), Enterobacter sp. (1), Citrobacter (1), Aerococ-
cus (1), mixed gram-negative bacilli (4), and Candida a.
(1). Only one isolate, an E. coli, matched the sputum of
the same patient.
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Radiologic findings at time of intubation

Review of 2 to 4 CXRs and/or chest CT scans for each
patient performed around intubation revealed 35
patients with interstitial or ground glass infiltrates to a
much greater degree than alveolar disease and lobar infil-
trates; a viral aetiology was generally suspected. Some-
what surprisingly there was little overlap between this
group and the 33 patients not requiring intubation until
4 or more days following admission; seven patients were
in both groups. Sputum specimens associated with this
radiographic pattern yielded 2 MRSA and 1 MSSA (total-
ling 8.6% of results) versus 22 normal flora or yeast and
10 either without growth or without sufficient sputum for
culture. The remaining 130 patients had a predominantly
alveolar/lobar imaging pattern. Of these, 48 yielded
bacterial isolates (37% of results) including 16 MSSA, 4
MRSA, 4 E. coli, and 3 Pseudomonas a. with the remain-
ing isolates demonstrative of 56 normal flora/yeast, 7
no growth, and 15 no sputum obtained. Lengths of stay
and mortality rates were very similar for the two groups
despite differences in predominant radiographic pattern.

Late pneumonias after intubation and sputum colonisation
Given extended hospitalisations (mean (SD) LOS of all
patients=19.9 days (14.4), range 2-90 days) and intuba-
tion and other invasive procedures, situations suggestive
of new infection were not uncommon. Table 2 shows 80
episodes possibly consistent with late pneumonia after
intubation; most patients only had one episode, but 7
patients had two, 4 patients had three, and 1 patient
had five. In 29 instances (36.3% of those suggestive of
late pneumonia), culture results were 4 (5% of total) no
sputum obtained or sent, 13 (16.3% of total) normal oral
flora only, and 12 (15% of total) yeast+normal flora.
With regard to potential pathogens isolated, the remain-
ing 51 (63.8% of late pneumonias) cultures included 17
(33.3% of positives) with Staphylococcus aureus, now
more equally divided between MSSA and MRSA (9 vs. 8).
Pseudomonas aeruginosa (n=14, 27.5% of positives) was
the leading solitary gram-negative potential pathogen in
late pneumonia.

Cultures judged to have sputum colonizers were found
in 31 instances after intubation; these had a similar dis-
tribution of normal and potentially pathogenic microbial
flora with Pseudomonas species most commonly recov-
ered as shown in Table 2.

Development of antimicrobial resistance (AMR)

during hospitalisation

Notably, in 12 patients (11 with late pneumonias and 1
colonization) increasing antimicrobial resistance devel-
oped in bacteria during the course of the hospitalisations;
see Table 3. Pneumonia organisms which developed
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AMR most commonly were 7 Pseudomonas aeruginosa
with previously susceptible organisms acquiring resist-
ance to many 3rd generation cephalosporins, broad-
spectrum beta-lactam/beta-lactamase inhibitors, and
sometimes carbapenems. Two Staphylococcus aureus
transitioned from MSSA to MRSA. An Enterobacter clo-
acae developed new resistance to 3rd gen cephalosporin,
ticarcillin/clavulanate, and ertapenem and new interme-
diate susceptibility to piperacillin/tazobactam and mero-
penem over 17 days after prior courses of carbapenem
and an intervening course of piperacillin/tazobactam.
An Enterobacter aerogenes developed new resistance to
3rd gen. cephalosporin, ciprofloxacin, and piperacillin/
tazobactam over 8 days during courses of piperacillin/
tazobactam followed by cefepime. One Klebsiella isolate
acquired tetracycline resistance but was judged to be a
colonizer. Of the 11 late pneumonia patients, only four
(36.4%) had been on antibacterial agents prior to hospital
admission but all of the pneumonia patients and the colo-
nization patient in this group had received antibacterials
around the time of Intubation. In each case of cultures
consistent with late pneumonia, when susceptibility data
became available antibiotics were modified to cover the
new resistance patterns.

Discussion

We reviewed critically ill COVID-19 inpatients with res-
piratory failure requiring intubation. Mortality rate was
62.4% (95% CI: 54.6%, 69.8%) reflecting many patients’
chronic health problems and advanced age. These out-
comes were similar to other reports from the United
States [35]. Nursing home residency was associated
with the highest mortality; younger patients from group
homes also had prolonged hospital stays and significant
mortality. In most patients not requiring intubation
within three days of admission, lack of sputum produc-
tion or growth of normal oral flora and variations was
associated with a ground glass appearance of CXR infil-
trates suggesting viral pneumonia.

Around intubation, a sizeable fraction of cultures
(69.1%) were still not strongly supportive of bacterial
infection and many of these cultures were from 35 of the
165 patients with radiologic imaging showing predomi-
nance of interstitial infiltrates and ground glass opaci-
ties over dense lobar airspace disease. However, many
cultures around intubation also grew solitary to mixed
cultures of potential bacterial respiratory pathogens.
Staphylococcus aureus, predominantly MRSA, Pseu-
domonas aeruginosa, and various enteric Gram-negative
bacteria were also recovered, a pattern also seen else-
where [38]. MRSA recovery was associated with group
and nursing home residency and the highest overall
mortality rate compared with other sputum isolates.
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Table 3 Timing of antimicrobial resistance development during hospitalisation

Pt age, sex Admit from Med risk factors Prior hospaantibxb

Organism  Resistance acquired  Episode type Days

and number®  post-adm/
intubation
49 M Home DM No, No Ps.a Aztreonam Late PNA 37/28
Ceftazidime third
pip/tazo
60 F Home DM No, No Ps.a Imipenem Late PNA 39/38
fmr smoker second
73 F Home CVA No, Yes Ps.a Aztreonam Late PNA 23/20
endomet CA (amox/clav) ticar/clav second
meropenem
75 M NH asthma Yes, No MSSA Replaced by MRSA Late PNA 12/12
dementia first
aspiration
EtOH abuse
74 M Home OSA No, No Ps.a ticar/clav Late PNA 45/40
AVMs first
74F Home fmr smoker No, Yes Ps.a Ceftazidime Late PNA 11/10
(oseltam) then carba first
54 M Home DM No, Yes MSSA Replaced by MRSA Late PNA 23/20
frnr smoker (azithro) second
66 F Home OSA No, No Ps.a ticar/clav Late PNA 30/27
seizures then aztreo first
inter lung dis pip/tazo
60 M Home DM No, No Entera Aztreonam Late PNA 58/54
fmr smoker 3 gen ceph fourth
prostate CA ticar/clav
ertapenem
84 F Home afib Yes, Yes Ps.a Aztreonam Late PNA 30/30
CVA (doxy, ceftazidime second
amox/clav) pip/tazo
meropenem
72M Home ESRD/HD Yes, Yes Enterc 3 genceph Late PNA 20/11
frr smoker (cefazolin) pip/tazo first
afib
84 F Home DM No, No Klebs p tcn Colonization 26/26
hx DVT/PE second

2 Prior hospitalization within 90 days of admission
b Antibiotics within 30 days of admission to hospital

€ Episode defined as positive sputum culture, occurring after intubation, categorized as either late pneumonia or colonization and numbered consecutively

NH nursing home, DM diabetes mellitus, fmr smoker former smoker, endomet CA endometrial cancer, EtOH abuse alcohol abuse, OSA obstructive sleep apnea, AVMs
arteriovenous malformations, inter lung disease interstitial lung disease, prostate CA prostate cancer, CVA cerebrovascular accident, ESRD/HD endstage renal disease/
haemodialysis, afib atrial fibrillation, hx DVT/PE history of deep venous thrombosis/pulmonary embolism, amox/clav amoxicillin/clavulanate, oseltam oseltamivir,
azithro azithromycin, doxy doxycycline, Ps. a. Pseudomonas aeruginosa, MSSA methicillin-susceptible Staphylococcus aureus, Enter a. Enterobacter aerogenes, Enter c.
Enterobacter cloacae, Klebs p. Klebsiella pneumoniae, pip/tazo piperacillin/tazobactam, ticar/clav ticarcillin/clavulanate, carba carbapenem, aztreo aztreonam, 3 gen ceph

third generation cephalosporin, tcn tetracycline, PNA pneumonia

Beyond one week following intubation, both new epi-
sodes of suspected pneumonia and instances of coloniza-
tion had the same spectrum of culture results. However,
methicillin-resistance became more common among
Staphylococcus aureus and Pseudomonas aeruginosa

also was more common which could reflect early treat-
ment with a non-antipseudomonal beta-lactam such as
ceftriaxone +azithromycin as well as the ICU environ-
ment. Significantly, 12 cultures (10.8%) out of 111 beyond
one week of intubation grew organisms, predominantly
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Pseudomonas aeruginosa, that had developed increased
antimicrobial resistance. Contrary to expectations, most
worsening of AMR was in patients from home rather
than nursing home residents. This probably reflects the
earlier and higher mortality of individuals from nurs-
ing homes. These individuals were more likely to grow
Staphylococcus aureus and/or Pseudomonas aeruginosa
from sputum at the time of intubation but there were
relatively few longterm survivors. Development of AMR
occurred late (average=29.5 days, range=11-58 days)
after admission likely explaining the difference of our
findings from studies that followed hospitalised patients
for much shorter periods of time. Most episodes (54.5—
100% depending on type of suspected pneumonia) in our
study patients were treated with 5 days or more of broad
spectrum antibiotics and even the episodes most consist-
ent with sputum colonization were treated with antibiot-
ics 64.5% of the time contributing to risk of AMR.

Our findings show a higher percentage of patients with
bacterial and fungal growth in sputum cultures than
some reports [16, 38]. Our patients were sicker than in
a study of hospitalised but not intubated patients and
there was longer patient follow up [31]. Microorganisms
recovered in our study were similar in some regards to
published data [31] but with relatively few Streptococ-
cus pneumoniae, Haemophilus, and Moraxella isolates
compared with other studies [28, 33, 39]. These com-
mon community-acquired pneumonia pathogens could
have been suppressed by azithromycin or other antibiot-
ics given prior to or during the hospitalizations studied.
Testing was not done for Mycoplasma pneumoniae which
was a common superinfecting pathogen in one review
[40]. Also, the three Aspergillus isolates did not repre-
sent invasive disease which was a concern of several pub-
lished reviews and reports [40—43]. We only found one
viral co-infection (coronavirus OC43) based on very few
tests; some reports have shown very low viral coinfection
rates [33] while others have found rates up to 8% [44] in
COVID-19. Our study does suggest that following admis-
sion and intubation, COVID-19 pneumonia patients have
the same predisposition to colonization and infections
due to nosocomial pathogens well-known in hospital-
acquired and ventilator-associated pneumonias. The lit-
erature on bacterial sputum cultures in COVID-19 report
high rates and duration of antibiotic use [16, 17, 45-48].
We observed this as well and demonstrated antimicrobial
resistance development in over 10% of bacterial isolates
late in patients’ hospitalisations; this had been predicted
[47] but also has been a topic of considerable debate
[49-54].

Since completion of our data analysis in August 2020,
other ICU COVID-19 studies have been published show-
ing similar microbial flora recovered (e.g., Staphylococcus
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aureus, Pseudomonas a., Acinetobacter spp., Klebsiella
spp.) [55-57], late infections after intubation [55], and
recovery of multidrug-resistant pathogens [58]. These
also extend results to a wider geographic area including
South America [56] and the Middle East [59], as well as
patient populations such as cancer patients [60] and post-
mortem studies [57]. An Italian paper showed bronchoal-
verolar lavage from 24 critically ill COVID-19 patients
tended to grow gram-negative bacteria "predisposed to
multidrug resistance” while 24 matched non-COVID-19
controls had more commensal flora such as Haemophilus
sp. and streptococci [61]. Another reported 7 relatively
young COVID-19 ICU patients with few comorbidities
except obesity harbored carbapenemase-producing Kleb-
siella pneumoniae [62]. There was rapid spread of MDR-
Escherichia coli in a cluster of 4 COVID-19 patients in
Maryland, USA, probably related to facility crowding and
overburdened staff [63].

Similar to our findings, some areas have seen low rates
of COVID-19-associated fungal infections [64] while
multiple fungal types were prevalent in Egypt [59]. Can-
didiasis in COVID-19 cases has been associated with the
ICU setting, central vascular access, and broad spectrum
antibiotic use [64]. A German prospective study on inva-
sive pulmonary aspergillosis in critically ill COVID-19
patients suggested a four-fold higher rate (34%) in 32
COVID-19 patients compared with 8% of matched con-
trols [65]. Mucormycosis was a significant fungal infec-
tion in Egypt [59] and notably India [66] though more
often rhinoorbital or rhinocerebral than pulmonary in
the latter.

A review of 49 published references on secondary pul-
monary infections complicating COVID-19 pneumonia
during 2020 gave an average incidence of 16% for bacte-
rial causes and 6.4% for fungal etiologies though ranges
were quite broad [67]. Cases of proven healthcare associ-
ated pneumonia may be underdiagnosed as fewer bron-
choscopies are performed to avoid risks to staff [68]. It
is clear that bacterial and fungal coinfections and super-
infections of COVID-19 is an evolving topic. Influenza
has been shown to have specific virulence factors that
predispose to certain pathogens such as Streptococcus
pneumoniae (8] and possibly Aspergillus [69]. In con-
trast, COVID-19 superinfections may be more related to
crowded healthcare settings, immunosuppressive thera-
pies, and invasive procedures [8]. The timing and spec-
trum of pathogens differs due to many factors. Patient
treatment with teichoplanin, which has potent gram-pos-
itive activity, increased infections with Pseudomonas and
other gram-negative infections relative to staphylococci
[70]. Early versus late superinfections differ in character
[71] with longer durations of hospital stay and mechani-
cal ventilation increasing infection rates [72, 73]. Also,
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the types of infections encountered may be changing due
to newer approaches to therapy (positioning, corticos-
teroids, antibiotic selection, antiviral drugs). Rapid test-
ing with a multiplex PCR assay for pathogen/resistance
diagnosis can reduce antibiotic use and contain AMR
[74] but potentially with increased cost. In resource lim-
ited settings, decreased availability of diagnostic tests
and access to expensive antimicrobials may make AMR
a critical issue [75]. Future prospective trials with more
rigorous diagnostic studies and comparing empiric anti-
bacterial and antifungal use with reduced prescribing is
indicated [8]. Rigorous antibiotic stewardship approaches
to COVID-19 management offer the opportunity to con-
trol antimicrobial use and decrease AMR [76, 77].

Strengths of our study include large size and extended
follow up. This data from the United States allow further
comparison with Asia and Europe. Our health system is
not a large tertiary referral center, so our experience may
be in line with similar facilities in suburban areas of the
US which are becoming pandemic epicenters. Our mix of
patients ranging from “healthy” individuals coming from
home to older, debilitated individuals residing in nursing
facilities may also guide management based on popula-
tions served.

Limitations of our study include lack of use of diag-
nostic tools targeting atypical bacterial infections, e.g.
mycoplasma, and the lack of procalcitonin values. Influ-
enza and respiratory syncytial virus studies were done in
a minority of patients as infections with these pathogens
had waned in our area by the spring. Only some patients
received tocilizumab which could influence mortality
data. Hydroxychloroquine and azithromycin are no long
being given routinely to COVID-19 patients; remdesivir
was not available during the study time frame and dexa-
methasone was not yet considered standard of care.

Conclusions

Based on our findings in severe COVID-19 pneumo-
nia, we recommend: (1) empiric antibacterials should
be used sparingly in patients presenting without spu-
tum production and with a radiographic ground glass
interstitial pattern suggestive of viral aetiology; (2) con-
sider discontinuation of empiric antibiotics after 48 h
in patients without sputum to culture despite adequate
access or who have no growth or “normal flora/yeast”;
however, this must be balanced against the risk of bac-
terial pathogen suppression by prior or current antimi-
crobial regimens and also take into account other clinical
findings, results of radiographic studies, and the overall
trend in clinical progress; (3) with longer duration of
hospitalisation, sputum cultures increasingly reflect hos-
pital-acquired microbial flora so length of stay and “clini-
cal trajectory” are critical in deciding to use antibiotics
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and selection of agents; (4) culture results, antibiotic use,
and clinical outcomes in COVID-19 patients should be
reviewed periodically with changes guided by principles
of antimicrobial stewardship.
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