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Letter to Editors

Ventilator-associated pneumonia (VAP) caused by carbapenem-resistant Acinetobacter baumannii in
patients with COVID-19: Two problems, one solution?

Dear editor,

In late 2019, a cluster of pneumonia cases reported from Wuhan
City (Hubei Province, China) were associated with a novel betacor-
onavirus, first called the 2019 novel coronavirus (2019-nCov) [1].
Posteriorly, the sequence of 2019-nCov genome reveled 89% similarity
and 80% identity with SARS-CoV, the causative agent of the 2002–2003
pandemic of severe and acute respiratory syndrome (SARS). Since then,
the International Committee on Taxonomy of Viruses renamed the
2019-nCov as SARS-CoV-2, and the World Health Organization (WHO)
defined that this pathogen causes the coronavirus disease of 2019
(COVID-19) [2–4].
The outbreak of COVID-19 started in Wuhan quickly spread

worldwide, and in March 11th, 2020 the WHO declared a pandemic
state. By June 20th, 2020, SARS-CoV-2 had infected 14,668,298 people
and caused 609,511 deaths in almost all countries around the world
[5]. The symptoms of COVID-19 can range from mild, self-limiting re-
spiratory tract illness to severe progressive pneumonia, which can
evolve to multiorgan failure and death [1]. Patients with severe COVID-
19 usually need endotracheal intubation and mechanical ventilation
due to airway failure. For instance, two-thirds of patients with COVID-
19 who required critical care in the UK needed mechanical ventilation
within 24 h of admission, following by immediately transfer to in-
tensive care units (ICUs) [6,7].
Importantly, patients with tracheal intubation and mechanical

ventilation are at increased risk to acquire bacterial ICU-pneumonia
[8]. Thus, Deng et al. [9] analyzed electronic medical records of 25
patients with COVID-19 in Renmin Hospital at Wuhan University and
showed that bacterial pneumonia might be associated with the death of
patients with the novel coronavirus. Likewise, Wang et al. [10] showed
that the levels of procalcitonin, a bacterial infection marker, are almost
four times higher in patients who died from COVID-19 than in those
who recovered from the disease. Also, a study with 11 patients showed
that cases of COVID-19 associated with bacterial pneumonia were
considerably more severe [11]. These findings indicate that ventilator-
associated pneumonia (VAP) could worsen the clinical condition of
COVID-19 patients, requiring special attention by health professionals.
Gram-negative bacilli have been detected in sputum and tracheal

aspirates cultures of mechanically ventilated patients with severe
COVID-19 [11,12]. Lescure and collaborators (2020) identified Acine-
tobacter baumannii as the causative agent of VAP in a patient infected by
SARS-CoV-2 [12]. A. baumannii is an aerobic Gram-negative opportu-
nistic, glucose non-fermentative, and non-motile coccobacillus com-
monly found in various environments, such as soil and water. This
bacterium can adhere to medical devices (including the system used for
mechanical ventilation) and survive up to 33 days in dry surfaces
[13–15]. Furthermore, the acquisition of multiple drug resistance,
especially to carbapenems, has made this pathogen a major public

health concern [16].
A. baumannii is responsible for approximately 47% of VAP cases in

ICUs [17]. It is commonly resistant to disinfection, and the production
of a polysaccharide capsule and formation of biofilms contribute to the
high pathogenicity of this bacterium [13–15]. More importantly, pa-
tients with severe COVID-19 usually present the main risk factors ob-
served to VAP caused by A. baumannii (i.e., hypertension, chronic ob-
structive pulmonary disease, chronic renal failure, length of ICU stay,
presence of organ failure, and low blood oxygenation level) [18–20].
Thus, rigid application of infection control precautions should be taken
to prevent infections by A. baumannii in patients with COVID-19 on
mechanical ventilation.
Carbapenem antibiotics are considered the last therapeutic option to

treat VAP caused by multidrug-resistant A. baumannii [21]. However,
since 1991, when the first carbapenem-resistant A. baumannii (CRAB)
was reported, a considerable increase in the number of these resistant
strains has been documented worldwide [22,23]. In 2015 in Greece,
94.5% of A. baumannii isolates were resistant to imipenem, while in
North American hospitals (2008), 58% of the strains were identified as
CRAB [23]. Colistin, also known as polymyxin E, is considered one of
the last therapeutic options to treat CRAB infections. However, it is
highly nephron- and neurotoxic [24], so that its intravenous use in
critically ill patients with COVID-19 and co-infection with CRAB must
be closely monitored. On the other hand, nebulized colistin increases
the concentration of this drug in the infection site, decreasing kidney
and nerve damage due to its limited systemic distribution [25]. Thus,
we hypothesize that the use of nebulized colistin is a reasonable choice
for most critically ill patients with COVID-19 co-infected with carba-
penem-resistant Gram-negative pathogens.
Interestingly, the use of nebulized colistin may also improve the

outcomes of pulmonary infections by SARS-CoV-2. Haukenes and
Bjerkestrand (1973) showed that polymyxin B, a drug from the same
pharmacological class as colistin, reduced the cytopathogenic effect of
the enveloped viruses Mumps and Herpes simplex [26]. We hypothesize
that this antibiotic might protect the cells against the deleterious effects
of the enveloped virus by negatively interacting with the lipidic com-
ponent of the viral envelope. Since SARS-CoV-2 is an enveloped virus
[4], it might be susceptible to this effect of polymyxins. However, to
date, no evidence of their biological activity has been found. A theo-
retical study suggested that colistin may interact with proteins involved
in the replication cycle of the novel coronavirus. This polymyxin can
form hydrogen bonds with the amino acid residues Thr24, Thr25, and
Thr26, which are crucial to the enzymatic activity of the main protease
(Mpro) of SARS-CoV-2 (also known as 3C-like protease) [27]. Mpro, a key
enzyme for coronavirus replication, is responsible for processing the
viral polypeptide into structural and functional proteins [4].
The screening and treatment of bacterial co-infection, especially

VAP, is essential to ensure a better clinical outcome in patients with
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severe COVID-19. The isolation of A. baumannii from patients with
COVID-19 highlighted the importance of preventing co-infections
caused by this pathogen, which depending on the regional endemicity
may be associated with resistance to carbapenems. In these cases, we
hypothesize that patients would benefit from the use of nebulized co-
listin due to its low systemic toxicity. Additionally, we encourage stu-
dies to characterize possible therapeutic benefits of the inhaled use of
colistin in severe cases of COVID-19 and to determine the potential
antiviral of this polymyxin in vitro against SARS-CoV-2. However, the
use of this drug should be performed only when strictly necessary since
colistin is an antibiotic considered the ultimate resort, and resistance to
this class usually results in intractable infections.
Sources of support in the form of grants
None.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgements

W.G.L. is grateful to Coordenação de Aperfeiçoamento de Pessoal do
Nível Superior (CAPES) for a Ph.D. fellowship.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.mehy.2020.110139.

References:

[1] Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel coronavirus from
patients with pneumonia in China, 2019. N Engl J Med 2020;382:727–33. https://
doi.org/10.1056/NEJMoa2001017.

[2] Coronavirus disease, 2019 n.d. https://www.who.int/emergencies/diseases/novel-
coronavirus-2019 (accessed March 26, 2020).

[3] Andersen KG, Rambaut A, Lipkin WI, Holmes EC, Garry RF. The proximal origin of
SARS-CoV-2. Nat Med 2020;89:44–8. https://doi.org/10.1038/s41591-020-0820-9.

[4] Park SE. Epidemiology, virology, and clinical features of severe acute respiratory
syndrome -coronavirus-2 (SARS-CoV-2; Coronavirus Disease-19). Clin Exp Pediatr
2020. https://doi.org/10.3345/cep.2020.00493.

[5] Cases C. Worldometer 2020. https://doi.org/10.1101/2020.01.23.20018549V2.
[6] Mahase E. Covid-19: most patients require mechanical ventilation in first 24 hours

of critical care. BMJ 2020;368:m1201https://doi.org/10.1136/bmj.m1201.
[7] Baig MA. The COVID-19 Intubation and Ventilation Pathway (CiVP); a

Commentary. Arch Acad Emerg Med 2020;8:e37.
[8] Ferrer M, Torres A. Epidemiology of ICU-acquired pneumonia. Curr Opin Crit Care

2018;24:325–31. https://doi.org/10.1097/MCC.0000000000000536.
[9] Deng Y, Liu W, Liu K, Fang Y-Y, Shang J, Zhou L, et al. (COVID-19) in Wuhan,

China. Chin Med J (Engl) 2019;2020:1. https://doi.org/10.1097/cm9.
0000000000000824.

[10] Wang L, He W, Yu X, Hu D, Bao M, Liu H, et al. in elderly patients: characteristics
and prognostic factors based on 4-week follow-up. J Infect 2019;2020. https://doi.
org/10.1016/j.jinf.2020.03.019.

[11] Dong X, Cao Y, Lu X, Zhang J, Du H, Yan Y, et al. Eleven Faces of Coronavirus
Disease 2019. Allergy 2020. https://doi.org/10.1111/all.14289.

[12] Lescure F-X, Bouadma L, Nguyen D, Parisey M, Wicky P-H, Behillil S, et al. Clinical
and virological data of the first cases of COVID-19 in Europe: a case series. Lancet
Infect Dis 2020. https://doi.org/10.1016/s1473-3099(20)30200-0.

[13] Howard A, O’Donoghue M, Feeney A, Sleator RD. Acinetobacter baumannii.
Virulence 2012;3:243–50. https://doi.org/10.4161/viru.19700.

[14] Sousa C, Botelho J, Silva L, Grosso F, Nemec A, Lopes J, et al. MALDI-TOF MS and
chemometric based identification of the Acinetobacter calcoaceticus-Acinetobacter
baumannii complex species. Int J Med Microbiol 2014;304:669–77. https://doi.
org/10.1016/j.ijmm.2014.04.014.

[15] Jawad A, Seifert H, Snelling AM, Heritage J, Hawkey PM. Survival of Acinetobacter
baumannii on dry surfaces: comparison of outbreak and sporadic isolates. J Clin
Microbiol 1998;36(7):1938–41.

[16] Espinal P, Martí S, Vila J. Effect of biofilm formation on the survival of
Acinetobacter baumannii on dry surfaces. J Hosp Infect 2012;80:56–60. https://doi.
org/10.1016/j.jhin.2011.08.013.

[17] Rezai MS, Rafiei A, Ahangarkani F, Bagheri-Nesami M, Nikkhah A, Shafahi K, et al.
Emergence of extensively drug resistant Acinetobacter baumannii-encoding in-
tegrons and extended-spectrum beta-lactamase genes isolated from ventilator-as-
sociated pneumonia patients. Jundishapur. J Microbiol 2017;10. https://doi.org/
10.5812/jjm.14377.

[18] Čiginskienė A, Dambrauskienė A, Rello J, Adukauskienė D. Ventilator-Associated
Pneumonia due to Drug-Resistant Acinetobacter baumannii: Risk Factors and
Mortality Relation with Resistance Profiles, and Independent Predictors of In-
Hospital Mortality. Medicine (Kaunas) 2019;55. https://doi.org/10.3390/
medicina55020049.

[19] Huang Y, Jiao Y, Zhang J, Xu J, Cheng Q, Li Y, et al. Microbial Etiology and
Prognostic Factors of Ventilator-associated Pneumonia: A Multicenter Retrospective
Study in Shanghai. Clin Infect Dis 2018;67:S146–52. https://doi.org/10.1093/cid/
ciy686.

[20] Karakuzu Z, Iscimen R, Akalin H, Girgin NK, Kahveci F, Sinirtas M. Prognostic risk
factors in ventilator-associated pneumonia. Med Sci Monit 2018;24:1321–8.
https://doi.org/10.12659/MSM.905919.

[21] Almasaudi SB. Acinetobacter spp. as nosocomial pathogens: epidemiology and re-
sistance features. Saudi. J Biol Sci 2018;25:586–96. https://doi.org/10.1016/j.sjbs.
2016.02.009.

[22] Urban C, Go E, Mariano N, Berger BJ, Avraham I, Rubin D, et al. Effect of sulbactam
on infections caused by imipenem-resistant Acinetobacter calcoaceticus biotype
anitratus. J Infect Dis 1993;167:448–51.

[23] Lima WG, Silva Alves GC, Sanches C, Antunes Fernandes SO, de Paiva MC.
Carbapenem-resistant Acinetobacter baumannii in patients with burn injury: A
systematic review and meta-analysis. Burns 2019;45:1495–508. https://doi.org/10.
1016/j.burns.2019.07.006.

[24] Yu Y, Fei A, Wu Z, Gao C, Pan S. Intravenous polymyxins: Revival with puzzle.
Biosci Trends 2017;11:370–82. https://doi.org/10.5582/bst.2017.01188.

[25] Poulakou G, Siakallis G, Tsiodras S, Arfaras-Melainis A, Dimopoulos G. Nebulized
antibiotics in mechanically ventilated patients: roadmap and challenges. Expert Rev
Anti Infect Ther 2017;15:211–29. https://doi.org/10.1080/14787210.2017.
1268052.

[26] Haukenes G, Bjerkestrand G. The influence of polymyxin B on virus-induced cyto-
pathogenic effect. Med Microbiol Immunol 1973;159:39–44. https://doi.org/10.
1007/BF02122647.

[27] Liu X, Wang X-J. Potential inhibitors for 2019-nCoV coronavirus M protease from
clinically approved medicines. BioRxiv 2020:2020.01.29.924100. doi:10.1101/
2020.01.29.924100.

William Gustavo Limaa,b,⁎,1, Júlio César Moreira Britoa,c,
Waleska Stephanie da Cruz Nizerd

a Researcher of the Group (CNPq) for Epidemiological, Economic and
Pharmacological Studies of Arboviruses (EEPIFARBO), Brazil

b Federal University of Minas Gerais (UFMG), Belo Horizonte, Minas
Gerais, Brazil

c Ezequiel Dias Foundation (FUNED), Belo Horizonte, MG, Brazil
d Carleton University, Ottawa, Ontario, Canada

E-mail address: williamgustavofarmacia@hotmail.com (W.G. Lima).

⁎ Corresponding author at: Faculdade de Farmácia, Campus Pampulha, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brasil.
1 ORCID: 0000-0001-8946-9363.

Letter to Editors Medical Hypotheses 144 (2020) 110139

2

https://doi.org/10.1016/j.mehy.2020.110139
https://doi.org/10.1016/j.mehy.2020.110139
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1038/s41591-020-0820-9
https://doi.org/10.3345/cep.2020.00493
https://doi.org/10.1101/2020.01.23.20018549V2
https://doi.org/10.1136/bmj.m1201
http://refhub.elsevier.com/S0306-9877(20)32318-5/h0035
http://refhub.elsevier.com/S0306-9877(20)32318-5/h0035
https://doi.org/10.1097/MCC.0000000000000536
https://doi.org/10.1097/cm9.0000000000000824
https://doi.org/10.1097/cm9.0000000000000824
https://doi.org/10.1016/j.jinf.2020.03.019
https://doi.org/10.1016/j.jinf.2020.03.019
https://doi.org/10.1111/all.14289
https://doi.org/10.1016/s1473-3099(20)30200-0
https://doi.org/10.4161/viru.19700
https://doi.org/10.1016/j.ijmm.2014.04.014
https://doi.org/10.1016/j.ijmm.2014.04.014
http://refhub.elsevier.com/S0306-9877(20)32318-5/h0075
http://refhub.elsevier.com/S0306-9877(20)32318-5/h0075
http://refhub.elsevier.com/S0306-9877(20)32318-5/h0075
https://doi.org/10.1016/j.jhin.2011.08.013
https://doi.org/10.1016/j.jhin.2011.08.013
https://doi.org/10.5812/jjm.14377
https://doi.org/10.5812/jjm.14377
https://doi.org/10.3390/medicina55020049
https://doi.org/10.3390/medicina55020049
https://doi.org/10.1093/cid/ciy686
https://doi.org/10.1093/cid/ciy686
https://doi.org/10.12659/MSM.905919
https://doi.org/10.1016/j.sjbs.2016.02.009
https://doi.org/10.1016/j.sjbs.2016.02.009
http://refhub.elsevier.com/S0306-9877(20)32318-5/h0110
http://refhub.elsevier.com/S0306-9877(20)32318-5/h0110
http://refhub.elsevier.com/S0306-9877(20)32318-5/h0110
https://doi.org/10.1016/j.burns.2019.07.006
https://doi.org/10.1016/j.burns.2019.07.006
https://doi.org/10.5582/bst.2017.01188
https://doi.org/10.1080/14787210.2017.1268052
https://doi.org/10.1080/14787210.2017.1268052
https://doi.org/10.1007/BF02122647
https://doi.org/10.1007/BF02122647
mailto:williamgustavofarmacia@hotmail.com

