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Abstract

The role of respiratory superinfections in patients with coronavirus disease 2019
(COVID-19) pneumonia remains unclear. We investigated the prevalence of early-
and late-onset superinfections in invasively ventilated patients with COVID-19
pneumonia admitted to our department of intensive care medicine between March
2020 and November 2020. Of the 102 cases, 74 (72.5%) received invasive venti-
lation and were tested for viral, bacterial, and fungal pathogens on Days 0-7, 8-14,
and 15-21 after the initiation of mechanical ventilation. Approximately 45% de-
veloped one or more respiratory superinfections. There was a clear correlation be-
tween the duration of invasive ventilation and the prevalence of coinfecting
pathogens. Male patients with obesity and those suffering from chronic obstructive
pulmonary disease and/or diabetes mellitus had a significantly higher probability to
develop a respiratory superinfection. The prevalence of viral coinfections was high,
with a predominance of the herpes simplex virus (HSV), followed by cytomegalo-
virus. No respiratory viruses or intracellular bacteria were detected in our cohort.
We observed a high coincidence between Aspergillus fumigatus and HSV infection.
Gram-negative bacteria were the most frequent pathogen group. Klebsiella aerogenes
was detected early after intubation, while Klebsiella pneumoniae and Pseudomonas

aeruginosa were related to a prolonged respiratory weaning.

KEYWORDS

bronchoalveolar lavage, coronavirus disease 2019, invasive ventilation, respiratory
coinfections, severe acute respiratory syndrome coronavirus 2

Maria Paparoupa and Razaz Aldemyati contributed equally to this study.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Journal of Medical Virology published by Wiley Periodicals LLC.

1920 wileyonlinelibrary.com/journal/jmv

J Med Virol. 2022;94:1920-1925.


http://orcid.org/0000-0003-1713-6759
mailto:m.paparoupa@uke.de
mailto:maria.paparoupa@yahoo.com

PAPAROUPA ET AL.

PO\ (/1 1921

1 | INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
is a novel B-coronavirus, identified to consist the main pathogenic
agent of coronavirus disease 2019 (COVID-19), an ongoing pan-
demic, challenging the public health system worldwide. SARS-CoV-2
primarily affects the respiratory system and causes viral pneumonia,
which can lead to the development of acute respiratory distress
syndrome (ARDS). The involvement of extrapulmonary organs, during
the course of the disease, has been also described in the literature.” >

Beyond the pathogenesis of SARS-CoV-2, respiratory coexisting
infections with viruses, bacteria, and fungi have been reported, but
their role in diagnosis, clinical presentation, and prognosis of the
disease remains unclear.” Preliminary evidence shows that microbial
copathogens may increase the morbidity and mortality of COVID-19,
especially in critically ill patients. Thus, the difficulty to adjudicate in
the presence of a respiratory superinfection, the clinical relevance of
the identified microorganisms, and the antimicrobial treatment re-
mains challenging.

Clinical deterioration, elevated inflammatory markers, and bi-
lateral radiological infiltrates may lead to a misperception regarding
the presence of a respiratory copathogen and they should, therefore,
utilize as an impulse to initiate a comprehensive diagnostic workout
with sampling, rather than as an indicator of an underlying super-
infection.” The consequence is that empirical antimicrobial therapy is
systematically initiated until microbiological documentation of coin-
fecting pathogens is available. A meta-analysis of studies, reporting
antimicrobial prescribing in SARS-CoV-2 infected patients, demon-
strated a wide use of broad-spectrum antibacterials in more than
70% of the COVID-19 cases, despite a paucity of evidence for bac-
terial coinfection, and no antimicrobial stewardship interventions
were described.®

As controversial reports appeared in the literature, the factor
timing gained importance, regarding the clinical relevance of
laboratory-confirmed coinfecting pathogens in COVID-19 patients
and the implication of therapeutic measurements.” Some authors
SARS-CoV-2-infected

while others identified late-onset infections.’®** How-

reported early-onset coinfections in

patients,&9
ever, the starting time-point until a coexisting infection has been
identified (beginning of symptoms, admission to the hospital, ad-
mission to the intensive care unit [ICU]) and the nomenclature, used
in several studies, have been extremely heterogenic, making it diffi-
cult to compare their results. The purpose of our study is to
investigate the role of timing and differentiate between early- and
late-onset respiratory superinfections in an invasively ventilated
COVID-19 population.

According to the US Centers for Disease Control and Prevention
(CDC), a superinfection is “an infection following a previous infection
especially when caused by microorganisms that are resistant or have
become resistant to the antibiotics used earlier,” while a coinfection
is one occurring concurrently with the initial infection, the difference
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being purely temporal.”“ These are the definitions that will be used in

the current manuscript.
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We present the prevalence and consequences of respiratory
coinfections in a consecutive cohort of patients receiving invasive
ventilation in Germany's largest department of intensive care medi-
cine between March 2020 and November 2020.

2 | METHODS

2.1 | Study population

In this retrospective study, 102 laboratory-confirmed COVID-19
cases, admitted to the department of intensive care medicine of the
university medical center Hamburg-Eppendorf in Germany, were
enrolled consecutively between March 9, 2020 and November 16,
2020. Of the 102 cases, 74 (72.5%) received invasive ventilation and
the remaining 28 cases (27.5%) were treated with noninvasive ven-
tilation or oxygen therapy via high-flow nasal cannula and thus ex-
cluded from the study (Figure 1). In all the invasively ventilated
patients, the prevalence of viral, bacterial, and fungal pathogens was
retrospectively registered in three sequential time periods: on Days
0-7 after intubation, on Days 8-14 under uninterrupted mechanical
ventilation, and during the third week (Days 15-21), if a prolonged

invasive ventilation was necessary.

2.2 | Microbiological testing

2.2.1 | SARS-CoV-2-PCR
On admission to the ICU, SARS-CoV-2 polymerase chain reaction
(SARS-CoV-2-PCR) was performed, to confirm the diagnosis. Naso-

pharyngeal swabs were used for spontaneously breathing patients

ICU admissions with
COVID-19 infection (n=102)

A 4

No invasive ventilation (n=28)

A 4

Invasive ventilation (n=74)

\ 4

No pathogen detected (n=41)

A 4

Pathogen detected (n=33)

A 4 A 4 \ 4

0-7 days 8-14 days 15-21 days
after intubation after intubation after intubation
(n=9) (n=16) (n=23)

FIGURE 1 Flow chart of the study population. COVID-19,
coronavirus disease 2019; ICU, intensive care unit
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and endotracheal aspirate samples for those being already me-

chanically ventilated on their admission to the ward.

2.2.2 | Respiratory samples

The respiratory samples were selected either as routine aspirates
during a closed endotracheal suction, according to the standards of
the clinic, or as bronchoalveolar lavage (BAL) during a bronchoscopy.
Because of the high transmission risk of the COVID-19 infection, a
bronchoscopy was only conducted when the following criteria were
fulfilled: 1. appearance of a relevant clinical deterioration with ame-
lioration of the respiratory insufficiency and/or pneumogenic sepsis
and 2. newly emerged infiltrates in the radiological examination of

the chest (conventional radiology and/or computed tomography).

2.2.3 | Samples testing

All respiratory samples were processed according to internal stan-
dards to allow the detection of conventional bacteria and slow-
growing pathogens, such as mycobacteria and fungi. All samples
underwent galactomannan test for the detection of mold infections.
In addition, the diagnostic panel included a multiplex nested PCR as-
say that could simultaneously detect different respiratory pathogens:
influenza A virus (HIN1, H3N2, and H5N1), influenza B virus, para-
influenza virus types 1, 2, 3, 4a, and 4b, respiratory syncytial virus A
and B, human rhinoviruses, human enteroviruses, human me-
tapneumoviruses, Mycoplasma pneumonia, Chlamydophila pneumonia,
Legionella pneumophila and adenoviruses (A to F).*> Cytomegalovirus
(CMV), Epstein-Barr virus, varicella-zoster virus, and herpes simplex
virus type 1 and 2 (HSV-1 and HSV-2) were tested separately.

3 | RESULTS

Sixty-eight (66.7%) of the total 102 patients were male and 34
(33.3%) were female, with a median age of 62.9 years. The median
body mass index was 28.2 (range 17.5-44.5). The main pre-existing
comorbidities, except overweight and obesity, were respiratory dis-
eases (n=29), diabetes mellitus (n=37), and underlying im-
(n=32). The most

comorbidities were active cigarette smoking, chronic obstructive

munosuppression prevalent respiratory
pulmonary disease (COPD), bronchial asthma, and obstructive sleep
apnea/obesity hypoventilation syndrome (Table 1). Of the patients
with diabetes mellitus, noninsulin-dependent diabetes mellitus type 2
was the most prevalent group (n = 19), followed by insulin-dependent
diabetes mellitus type 2 (n=12), undiagnosed diabetes mellitus
(n=5), and diabetes mellitus type 1 (n=1). Underlying im-
munosuppressive conditions were chronic therapy with im-
munosuppressive  drugs (corticosteroids, methotrexate, and
lymphodepleting therapeutics) (n=7), acute myeloid or lymphatic

leukemia (n=9), lymphoma (n=4), active neoplasia of solid organs

TABLE 1
population

Prevalence of respiratory comorbidities in the study

Prevalence of respiratory comorbidities

Active cigarette smoking 12 (11.7%)
Chronic obstructive pulmonary disease 6 (5.6%)
Bronchial asthma 5(4.9%)
Obstructive sleep apnea/obesity hypoventilation 6 (5.6%)
syndrome
Sarcoidosis 1 (0.9%)
Bronchiectasis 2 (1.9%)
Emphysema 1 (0.9%)
Pleural asbestosis 1 (0.9%)
History of pulmonary embolism 2 (1.9%)
History of pneumonia 2 (1.9%)
History of pulmonary surgery 1 (0.9%)

(n=4), and kidney or bone marrow transplantation (n=38). Of the
patients, 68.9% of the invasively ventilated cases developed mod-
erate to severe ARDS, 59.4% underwent prone positioning, and
25.6% required a venovenous extracorporeal membrane oxygena-
tion. Overall, 34% were treated with steroids on admission and 94%
received an empirical antibiotic therapy.

Approximately 45% of the invasively ventilated patients with
COVID-19 pneumonia were identified to have a respiratory bacterial,
viral, and/or fungal superinfection in at least one of the sequential
study periods. Of the overall 33 patients with a respiratory super-
infection, 9 had one or more pathogens within 7 days after intuba-
tion, 16 on Days 8-14 after intubation, and 23 after 2 weeks (on
Days 15-21) under mechanical ventilation (Figure 1). In our cohort,
the male sex, obesity, COPD, and diabetes mellitus were associated
with a significantly increased risk for a respiratory superinfection,
whereas bronchial asthma and underlying malignancy were asso-
ciated with a decreased risk.

All patients (8/8 cases) who got extubated within a week and
almost 60% of the patients with successful weaning within 2 weeks
(7/12 cases) had no pathogen detected in their samples. Seventy-five
percent of the patients who died within a week (6/8 cases) and 66%
of the patients who died within 2 weeks (8/12 cases) had no pa-
thogen detected in the BAL.

Overall, in 12 out of 77 positive samples (15.6%) Aspergillus
fumigatus was present (Table 2). The prevalence of viral coinfections
was high (27 out of 77 positive samples), with a predominance of
HSV, followed by CMV. No respiratory viruses or intracellular bac-
teria could be detected in our cohort. We observed a high coin-
cidence between A. fumigatus and HSV infection (5 out of 12 A.
fumigatus samples were also positive to HSV). The bacterial patho-
gens were the most frequent in our study population (38 out of 77
positive samples) (Figure 2) and Gram-negative bacteria was the most

predominant pathogen group (Table 2). Klebsiella aerogenes was
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TABLE 2 Specific pathogens in
respiratory samples during the study

" Type of pathogen
period

A. fumigatus

HSV

CMV

A. baumanii complex
C. koseri

E. cloacae complex
E. coli

K. aerogenes

K. pneumoniae

P. aeruginosa
Pseudomonas spp.
S. aureus

S. aureus (MRSA)
S. maltophilia

Viridans group
streptococci

MEDICAL VIROLOGY
Days 0-7 after Days 8-14 after  Days 15-21 after Positive
intubation intubation intubation samples
2 5 5 12
2 5 12 19
2 2 4 8
2 3 5
1 1
1 5 6
1 1
3 1 1 5
2 4 6
1 6 7
1 1
1 1
1 1
1 2 3
1 1

Abbreviations: CMV, cytomegalovirus; HSV, herpes simplex virus; MRSA, methicillin-resistant

Staphylococcus aureus.

detected in the first week after intubation and was linked to a fa-
vorable outcome, while Klebsiella pneumoniae appeared later in the
clinical course and was related to a prolonged respiratory weaning.
The same trend was observed for Pseudomonas aeruginosa, which
appeared almost exclusively in samples taken after 2 weeks on me-
chanical ventilation and was linked to a prolonged respiratory

weaning.

4 | DISCUSSION

In our cohort, approximately 45% of the invasively ventilated COVID-
19 patients developed a respiratory bacterial, viral, and/or fungal
superinfection within 3 weeks after intubation. This is surprisingly
higher in comparison to a meta-analysis by Lansbury et al.,'* who
(95%
5%-26%). This difference could be associated with the extensive

reported a rate of around 14% confidence interval
spectrum of pathogens identified in our study, as long as to the in-
clusion of exclusively invasively ventilated ICU patients, who un-
derwent the most severe form of illness and may be, therefore, more
susceptible to infections, in comparison to the mixed (invasively and
noninvasively ventilated) ICU population of the meta-analysis.
There is a clear correlation between the duration of invasive
ventilation and the prevalence of coinfecting pathogens, as described
before. 0" Gram-negative bacteria, mostly Enterobacteriaceae, were

the predominant pathogen group. Interestingly, K. aerogenes was
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FIGURE 2 Representation of pathogen types over time.
Numbers indicate the numbers of identified pathogens according to
the specific type. Color coding: Gram-negative pathogens are
displayed in blue, viral pathogens in gray, fungal pathogens in
yellow, and Gram-positive pathogens in red. Lightest shades code
for Days 0-7, medium shades for Days 8-14, and darkest shades
for Days 15-21.
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frequently detected in the first week after intubation and was linked
to a favorable outcome, while K. pneumoniae and P. aeruginosa, ap-
peared later in the clinical course and were related to a prolonged
respiratory weaning.

All patients, who could be successfully weaned within a week,
and almost 60% of the patients, who could be weaned within
2 weeks, had no pathogen detected in their samples. This could be a
manifestation of a sufficient immunological barrier of the respiratory
tract in this collective, as the pulmonary damage was not that pro-
minent as in the prolonged ventilated group. On the other hand, the
lack of superinfections may have contributed to the favorable clinical
course, in comparison to the patients presented with weaning failure,
although according to a meta-analysis by Melsen et al.'® the overall
attributable mortality of ventilator-associated pneumonia is 13%,
with higher rates in surgical patients with a mid-range severity score
at admission and our study population was consisting exclusively of
medical patients with a high-range severity score at admission.

Another interesting finding was that 6 out of 8 patients, who
died within a week, and 8 out of 12 patients, who died on Days 8-14,
had no pathogen detected in their respiratory samples. The majority
of those patients experienced a severe state of septic shock with
unknown origin and had a sterile BAL in the bronchoscopy. This state
of septic shock, possibly attributed to SARS-CoV-2 itself, without any
evidence of other responsible microorganisms, has been already
described in former studies.'® The lack of superinfections in critically
ill COVID-19 patients with a high case fatality has been suggested to
be a significant parameter linked to the underestimated prevalence of
superinfections in the entire COVID-19 ICU population.”

The high prevalence of Staphylococcus aureus, described elsewhere
as the main pathogen identified in early-onset bacterial coinfection,®? was
not confirmed in our study. Staphylococcus aureus is considered to be a
community-acquired coexisting pathogen. According to the CDC defini-
tion, infections identified 48 h after hospital admission should be referred
to as hospital-acquired and those within 48 h as community-acquired.*?
As the great majority of the ICU patients included in our study was
admitted to the hospital several days before their admission to the ICU,
no community-acquired infections were expected in this collective.

The evidence of A. fumigatus was present in more than 15% of
the overall positive samples. The prevalence of Herpesviridae was
even higher, reaching more than 35% of the positive samples, with a
predominance of HSV, followed by CMV. We observed a high coin-
cidence between A. fumigatus and HSV infection (5 out of 12
A. fumigatus samples were also positive to HSV). No respiratory
viruses or intracellular bacteria could be detected in our cohort. Due
to inconsistent definitions and diagnostic criteria of invasive asper-
gillosis in non-neutropenic critically ill patients, the actual prevalence
of this entity in our study population is yet unclear.'”*® The inclusion
of BAL fluid galactomannan as an additional entry criterion may in-
crease the diagnostic sensitivity for invasive aspergillosis in ICU pa-

tients.*”

The coincidence of A. fumigatus with reactivated
Herpesviridae is probably a manifestation of an inadequate local and
systemic immune response, rather than an active superinfection, re-

quiring a targeted antimicrobial treatment.

A limitation of our study could be the high percentage of pa-
tients, who already received broad-spectrum antibiotics on their
admission to the ICU. More than 94% were under an empirical
antibiotic therapy before the initiation of the mechanical ventila-
tion and 34% were treated with steroids. This could have influ-
enced the microbiological consistency of the bronchial aspirates.
A comparative study, after the adjustment of the guidelines,?° may
elucidate possible differences in this trend. Certainly, multicenter
studies with a larger number of subjects are needed to verify and
improve our results.

Our manuscript highlights the importance of timing in the de-
velopment of respiratory superinfections in severe COVID-19 cases.
There is a clear correlation between the duration of invasive venti-
lation and the prevalence of coinfecting pathogens. However, we
could not differentiate if the duration of mechanical ventilation was
the reason for the presence of respiratory superinfections, in the
terms of ventilator-associated pneumonia, or the opposite. Specifi-
cally designed studies on host-pathogen interaction mechanisms
may shed more light on the pathogenic background of this clinical
observation.

Furthermore, we could not identify if respiratory coinfections
may significantly influence the clinical outcome of critically ill patients
with COVID-19 pneumonia. We believe that respiratory super-
infections mainly consist of an indicator of an insufficient im-
munological response, rather than clinically relevant ongoing
infections, requiring an anti-microbial treatment. However, the in-
itiation of a targeted treatment remains the greatest challenge for
clinicians being active in the field. The holistic evaluation of clinical
and paraclinical parameters of those patients may improve their

personalized management.
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