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COVID-19 influences lung microbiota dynamics and favors the
emergence of rare infectious diseases: A case report of Hafnia

Alvei pneumonia.
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ARTICLE INFO ABSTRACT

The coronavirus disease 2019 causes a wide degree of organ dysfunction and is associated with bacterial second-

ary infections. We reported lung microbiota dynamics in a critically ill patient with coronavirus disease 2019,

who developed severe Hafnia alvei ventilator-associated pneumonia and required extracorporeal membrane ox-
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1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic has been chal-
lenging patients, clinicians and healthcare systems worldwide [1]. Al-
though mechanical ventilation (MV) represents a cornerstone of
therapy for patients with acute respiratory distress syndrome (ARDS)
caused by COVID-19 [2], such an intervention has been identified as a
risk factor for ventilator-associated pneumonia (VAP) [3]. Specifically,
COVID-19 may cause immune system dysfunction [4] and respiratory
tract dysbiosis [5], both fostering the development of secondary infec-
tions [6].

In the light of this view, we sought to report lung microbiota dynam-
ics in a critically ill patient with COVID-19, who required MV and devel-
oped Hafnia alvei VAP [7].

Abbreviations: ARDS, acute respiratory distress syndrome; BAL, bronchoalveolar
lavage; COVID-19, coronavirus disease 2019; MV, mechanical ventilation.
* Corresponding author at: Fondazione Policlinico Universitario A. Gemelli IRCCS, Largo
A. Gemelli 8, 00168 Rome, Italy
E-mail address: salvatorelucio.cutuli@policlinicogemelli.it (S.L. Cutuli).
! The first two authors contributed equally to this work.
2 The last two authors contributed equally to this work.

2. Material and methods

The study was approved by the human research ethics committee of
the Fondazione Policlinico A. Gemelli IRCCS (reference number: 1847).
The patient provided specific signed permission for the publication.

COVID-19 was diagnosed by reverse transcription-polymerase chain
reaction, which was performed on nasopharyngeal swab at hospital ad-
mission. Bacterial identification on bronchoalveolar lavage (BAL) cul-
ture was performed by MALDI BioTyper® system (Bruker Daltonics,
Bremen, Germany) and microbiota analysis was performed by sequenc-
ing of amplified 16S rRNA gene V3-V4 and V6 regions. Bacterial richness
was assessed by Shannon's diversity index and bacterial equitability
was evaluated by Pielou's evenness index.

3. Results

We reported the case of a 52-years-old male who was admitted to
the ICU of a tertiary university hospital in Italy for ARDS caused by
COVID-19 (eTablel). Although he received Dexamethasone and
Remdesivir, invasive MV was necessary to improve life-threatening
hypoxemia (eTable1). BAL was performed immediately after endotra-
cheal intubation (T1, Fig. 1) and revealed no bacterial growth.
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Fig. 1. Lung microbiota characteristics of the patient. Two bronchoalveolar lavage samples, namely sample T1 (collected after endotracheal intubation) and T2 (collected at the diagnosis of
ventilator-associated pneumonia) were comparatively analysed. A total of 41,529 (85% of total) and 32,148 (60% of total) good-quality reads from T1 and T2 were analysed to identify

bacterial taxa.

Accordingly, empiric antibiotic therapy with Piperacillin-Tazobactam
was stopped.

Patient's clinical condition progressively worsened (eTable2) and
veno-venous extracorporeal membrane oxygenation was commenced
as a rescue organ support for severe ARDS (eFigure 1A). A second BAL
(T2, Fig. 1) was performed and allowed the diagnosis of Hafnia alvei
VAP (eTable3). Accordingly, empiric antibiotic therapy with intrave-
nous Meropenem was deemed appropriate and continued until clinical
improvement and microbiological eradication. Patient's clinical condi-
tion progressively improved (eFigure 1B) and he was discharged alive
after 114 days of hospital stay (Supplementary eTable4).

The analyses of T1 and T2 (Fig. 1) provided important insight into
microbiota dynamics and revealed significant dysbiosis associated
with COVID-19 and Hafnia alvei VAP. Bacterial richness and equitability
decreased from T1 to T2 (Shannon's diversity index: 3.898 for T1 and
0.522 for T2; Pielou's evenness index: 0.737 for T1 and 0.111 for T2),
which corresponded to a transition from Firmicutes (54.2%) and
Bacteroidetes (35.0%) predominance in T1 to Proteobacteria (91.1%)
in T2.

4. Discussion

We reported clinical characteristics of a critically ill patient admitted
to the ICU with ARDS caused by COVID-19, who developed Hafnia alvei
VAP. Moreover, we described lung microbiota dysbiosis associated with
COVID-19 and Hafnia alvei secondary infection.
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Hafnia alvei is a gram-negative bacterium that belongs to
Enterobacteriaceae and has been rarely reported as a pathogen that
causes respiratory tract infections, especially in immunocompromised
patients [7]. Recently, Blonz et al 3] observed a significant incidence of
VAP caused by Hafnia alvei (3.9% of respiratory isolates) in critically ill
patients with COVID-19. In this study [3], Enterobacteriaceae were iso-
lated in 49.8% of respiratory samples, which may support the patho-
physiological hypothesis of COVID-19 induced gut dysbiosis [8] and
gut-lung crosstalk. Moreover, male sex represented a risk factor for
the development of VAP, that may imply the influence of genetic and
hormonal status on immune response. As a results, the emergence of
rare infectious diseases in critically ill patients with COVID-19 may be
favored by concurrent genetic [3], viral [4] and steroid [9] induced im-
mune dysfunction, in a context of viral [8] and antibiotic induced
multi-organ dysbiosis [10].

Our findings implicate that immune dysfunction fosters the devel-
opment of rare and life-threatening bacterial infections. In this context,
microbiota analysis represents a potential monitoring tool of dysbiosis,
which may play a role in the prediction and early diagnosis of infectious
diseases [10]. Moreover, such analysis may provide important informa-
tion on the effect of multiple interventions (e.g. pharmacological thera-
pies, MV setting and nutrition) on microbiota balance, in order to orient
clinical decision-making towards strategies that allow native microbi-
ota preservation.

This is the first report of Hafnia alvei infection and lung microbiota
dysbiosis in a patient with COVID-19. Although our experience is re-
stricted to one patient, Hafnia alvei infections and lung dysbiosis are
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rarely described in the literature and even a single, detailed, case sce-
nario may be of interest when characterized by these important clinical
implications.

5. Conclusion

Hafnia alvei was rarely associated with pneumonia in critically ill pa-
tients before COVID-19 pandemic. Immune dysfunction and dysbiosis
caused by both COVID-19 and clinical interventions may justify the
emergence of rare pathogenic threats. In this context, microbiota analy-
sis represents a potential monitoring tool in order to prevent and early
diagnose infectious diseases.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jcrc.2021.04.008.
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