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Dear Editor,

By 24 August 2020, severe acute respiratory syndrome coro-
navirus (SARS-CoV)-2 has caused over 23 million cases and 
800,000 deaths worldwide [1]. Based on the experience from 
other respiratory viral infections, such as pandemic influ-
enza H1N1, SARS and Middle East respiratory syndrome 
(MERS), bacterial and/or fungal co-infections are likely to 
play a major role in increasing mortality [2–4]. Recent data 
from a systematic review reported a low proportion of pul-
monary bacterial co-infection among COVID-19 patients 
[7% of all hospitalized patients and 14% of those admitted to 
intensive care unit (ICU)] [5]. However, COVID-19 patients 
with a co-infection are more likely to die than patients who 
do not have co-infections. A retrospective multicentre cohort 
study, indeed, found that secondary infections were present 
in 50% of non-survivor patients [6].

The World Health Organization (WHO) recommends 
against indiscriminate use of antibiotics in patients with 
coronavirus disease 2019 (COVID-19), unless there is 
clinical suspicion of a bacterial infection [7]. Similarly, the 
National Institute For Clinical Excellence (NICE) COVID-
19 guidance recommends to consider antimicrobial use only 
if a bacterial superinfection is likely and/or for patients with 
major co-morbidities who are at high risk of severe com-
plications from untreated bacterial infections [8]. However, 
despite few reports of bacterial co-infection, an overuse of 
empirical antibiotics prescription in COVID-19 patients has 
been widely documented [9]. In a recent International Severe 
Acute Respiratory and Emerging Infections Consortium 

(ISARIC) report, 62% of patients with COVID-19 had 
received antimicrobial therapy [10].

In this letter, we describe four cases of bacterial super-
infection caused by difficult-to-treat pathogens, occurred in 
COVID-19 patients, to highlight the importance of a cor-
rect diagnostic work-up as a cornerstone to achieve aetio-
logical diagnosis and to promote antimicrobial stewardship 
principles, also in a pandemic context. Data were retrieved 
from the electronic folds database of our Internal Medicine 
ward, in the Careggi University Hospital, a tertiary-care 
hospital in Florence, Italy, where more than 500 COVID-19 
patients have been admitted to date. The four cases reported 
were observed in the period March 20 – May 1, 2020. In 
all cases, microbiological diagnosis of bacterial superinfec-
tion was achieved by bronchoscopy and bronchoalveolar 
lavage (BAL) culture, by detecting a bacterial load higher 
than 103 CFU/mL. Moreover, all the diagnoses were made 
at least 72 h after the admission, allowing the definition of 
healthcare acquired pneumonia (HAP) and/or ventilator-
associated pneumonia (VAP).

The first case was a 77-year-old man affected by hyper-
tension and essential thrombocythemia, hospitalized because 
of fever and dyspnea, who was diagnosed with COVID-19 
through polymerase chain reaction (PCR) positivity on 
nasopharyngeal swab. On the admission to the ward, severe 
respiratory failure was observed through arterial blood gas 
analysis, requiring supplemental oxygen therapy with frac-
tion of inspired oxygen (FiO2) 100%. Chest X-ray showed 
multiple opacities with interstitial involvement. Antiviral 
and immune-modulant treatments with lopinavir–ritonavir, 
hydroxychloroquine and tocilizumab were administered. 
Nevertheless, 5 days after hospital admission, the clinical 
status deteriorated with the necessity of non-invasive ven-
tilation and subsequently orotracheal intubation. A second 
chest radiography demonstrated a clear worsening of pul-
monary parenchyma infiltrates and CT scan confirmed new 
lung consolidations. At the same time, procalcitonin (PCT) 
and C-reactive protein (CRP) levels showed a considerable 
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increase compared to the admission (from 0.8 to 37 ng/
mL and from 23 to 143 mg/L, respectively). A sample of 
BAL was obtained and microbiological culture performed, 
with the identification of Stenotrophomonas maltophilia. 
Hence, the patient was treated with targeted antibiotic ther-
apy, obtaining a progressive improvement of respiratory 
exchanges, enough to allow extubation and gradual reduc-
tion of need for supplemental oxygen. Finally, the patient 
was discharged after twenty-seven days of hospital stay.

The second case was a 77-year-old woman with a his-
tory of heart failure and mitral-valve biologic prosthesis 
failure, diabetes mellitus and chronic kidney disease. She 
was initially hospitalized for acute heart failure associated 
with community-acquired pneumonia, treated with broad-
spectrum antibiotic therapy. Clinical course was compli-
cated by severe respiratory failure and atrial fibrillation 
with high ventricular rate. At this time, SARS-CoV-2 was 
detected on nasopharyngeal swab and an antiviral therapy 
was introduced. However, due to respiratory deterioration, 
non-invasive ventilation was required. Chest CT scan was 
performed and showed a large consolidation of the lower 
left lobe. Laboratory test showed a mild alteration of PCT 
(28 ng/mL), with increased white blood cells and neutro-
philia (18,5 × 109 cells /mL, 84% neutrophils).

Microbiological culture on BAL specimen revealed a co-
infection with a multidrug-resistant (MDR) Acinetobacter 
baumannii. Unfortunately, the patient died during the fourth 
day of hospital stay, before the results of BAL culture were 
available and an appropriate therapy could be introduced.

The third patient was a 61-year-old man with larynx can-
cer, previously treated with local demolition surgery and 
subsequent tracheostomy, living in a health care residence 
because of severe impairment of his autonomy. He was 
admitted to our hospital for fever and dyspnea. Chest radi-
ography revealed the presence of a single pulmonary opac-
ity, associated with interstitial involvement. Arterial blood 
gas analysis confirmed mild respiratory failure and PCR on 
nasopharyngeal swab demonstrated SARS-CoV-2 infection. 
Although given appropriate medical therapy and supplemen-
tal oxygen, clinical conditions abruptly declined and the 
patient was transferred to the ICU, where he was intubated. 
Chest radiological reassessment revealed a severe worsening 
of pulmonary infiltrations and a high PCT (53 ng/mL). BAL 
culture was positive for methicillin-resistant Staphylococcus 
aureus (MRSA) and Corynebacterium striatum. In spite of 
the introduction of targeted antibiotic therapy, in addition to 
maximal supportive care, the patient died after eight days 
in the ICU.

The fourth case was an 80-year-old man affected by 
chronic obstructive pulmonary disease, ischemic heart dis-
ease, ulcerative rectocolitis and chronic kidney disease. He 
had a history of four days of fever, dyspnea and diarrhea. On 
admission, chest radiography showed multiple pulmonary 

infiltrates, arterial blood gas analysis indicated a moderate 
respiratory failure and nasopharyngeal swab was negative for 
COVID-19. Thus, an appropriate supportive medical therapy 
and supplemental oxygen was administered. A second naso-
pharyngeal swab was also negative, thereby, considering the 
high clinical and radiological suspicion of COVID-19, a 
bronchoscopy was performed. PCR on BAL showed, indeed, 
a co-infection of SARS-CoV2 and MDR-Escherichia coli. 
Despite a targeted antibiotic and antiviral therapy, the patient 
progressive developed refractory hypoxia with increasing 
PCT levels (up to 40 ng/mL, in comparison with in-range 
values at admission). He required non-invasive ventilation 
and was later transferred to the ICU, dying after seventeen 
days from admission.

Similarly to the patients from our case series, superin-
fections with difficult-to-treat bacterias, such as MRSA, 
Enterobacterales and MDR non-fermenting rods, have 
been reported as a major complication of clinical course 
of COVID-19 patients [5, 11, 12]. Patients with multiple 
comorbidities and severe to critical forms of COVID-19 are 
prone to require prolonged hospitalization, intensive care 
support and multiple invasive devices, thus being at higher 
risk of nosocomial infections by difficult-to-treat pathogens. 
In this context, microbiological diagnosis should always be 
pursued in case of rapid change in clinical conditions and 
laboratory or radiological pictures, through adequate res-
piratory samples taken before introducing broad-spectrum 
antibiotics [13].

Invasive respiratory sampling, like BAL, increases accu-
racy of microbiological cultures in patients with hospital-
acquired or ventilator-associated pneumonia [14]. However, 
aerosol-generating procedures should be kept to an absolute 
minimum in COVID-19 patients due to the risk of airborne 
transmission and should be performed in an adequately ven-
tilated room, wearing adequate personal protective equip-
ment [15].

In addition to traditional microbiology, diagnostic work-
up for lower respiratory tract infections may benefit from 
the implementation of newer multiplex PCR panels, which 
are able to detect simultaneously the most frequent involved 
Gram-positive and Gram-negative bacteria and multiple res-
piratory viruses [16]. However, qualitative results provided 
by molecular tests require careful interpretation, to distin-
guish between colonization and infection of the identified 
agent in the patient airway.

Laboratory tests and radiological imaging can support 
clinicians in the diagnosis of bacterial superinfection in 
patients with COVID-19 pneumonia. Some inflammatory 
biomarkers, like CRP, traditionally used to distinguish bacte-
rial and viral infections, are usually elevated in critically-ill 
COVID-19 patients, resulting as poorly accurate to drive 
decisions on antibiotic prescription in this setting [17]. 
PCT, as a sign of secondary bacterial infection, can timely 
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inform the decision of antibacterial agents use for COVID-
19 patients. Moreover, multiple studies have shown that PCT 
levels increase in critical or deceased COVID-19 patients, 
suggesting that bacterial infection may play a crucial role 
in the aggravation of COVID-19 [18]. Of note, all reported 
cases in our series showed a PCT increase in concomitance 
with the onset of bacterial superinfection. On the other hand, 
thorax CT allows to differentiate the typical infiltrate associ-
ated with bacterial lower respiratory tract infection from the 
typical glass ground opacities seen in COVID-19 patients 
[19].

In conclusion, despite the unprecedented challenge to the 
health care systems posed by COVID-19 pandemic, diagnos-
tic and antimicrobial stewardship principles should remain a 
benchmark in our clinical practice. Antimicrobial resistance 
is still a major public health threat, which will likely persist 
after COVID-19, and may even potentially be exacerbated 
by this pandemic.
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