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SARS-CoV-2, the causative virus 
of the Covid-19 pandemic, has 
dominated world news, posed 
new clinical challenges, and 
threatened to overwhelm global 
healthcare services since it first 
emerged in December 2019. 
There have been rapid advances 
made in the literature regarding 
this infection. We now have a 
good understanding of the clinical 
and immunological changes 
seen in acute COVID-19. The 
respiratory system is the primary 
site of pathology, although it also 
demonstrates multi-system effects. 
Our current knowledge base 
includes the clinical phenotype, 
characterised by anosmia, dry 
cough and fever. Progression 
to severe disease leads to 
worsening type 1 respiratory failure 
which may ultimately require 
mechanical ventilation. We also 
have a good understanding of 
the underlying immunological 
pathogenesis of severe Covid-19, 
with an imbalance in the immune 
response. This is characterised 
by high levels of circulating 
pro-inflammatory cytokines and 
a loss of immune regulation, 
with the expansion of immature 
myeloid populations. However, 
there are two further respiratory 
considerations issues beyond the 
features of acute viral infection. 

The first is the prevalence and 
management of concurrent 
bacterial pneumonia, and 
the second are the long term 
respiratory sequalae following 
resolution of acute infection. 

Bacterial co-infection is a serious 
and common complication 
in the setting of patients 
hospitalized with other viral 
respiratory infections, occurring 
in approximately 30% of admitted 
influenza cases.1 However, the 
reported rates of bacterial co-
infection from previous coronavirus 
epidemics (MERS and SARS-
CoV-1) are significantly lower 
than this, occurring in fewer 
than 1% of cases.2, 3 Despite the 
wide variation in incidence of 
bacterial co-infection in patients 
hospitalized with viral pneumonia 
or pneumonitis, it has become 
common practice to commence 
empiric antimicrobial therapy in 
patients admitted with SARS-
CoV-2. This is likely related to 
the overlap in symptoms and 
radiographic characteristics, 
with fever, cough and pulmonary 
infiltrates common in SARS-
CoV-2 infection. Notably, cough 
associated with COVID-19 
tends to be non-productive, and 
radiographic changes are not 
typically lobar in distribution, which 

are useful distinguishing features 
from bacterial pneumonia. There 
is a clear need to address the 
requirement for antibiotic therapy 
in this cohort, and to develop 
protocols for appropriate  
antibiotic use. 

There have been several studies 
looking at the incidence of 
bacterial pneumonia in patients 
hospitalised with COVID-19. In 
our own centre, we found that 
bacterial co-infection occurred in 
6% of cases in wave one of the 
pandemic. Despite this low rate 
of co-infection, the majority of 
patients received seven days of 
antimicrobial therapy, and almost 
all received these intravenously.4 
A subsequent multi-centre study 
at John Hopkins, which included 
just over 1,000 COVID-19 patients, 
demonstrated confirmed or 
probable bacterial community-
acquired pneumonia in only 1.1% 
of patients.5 However, 68% of 
patients received antimicrobial 
therapy at admission, although 
most had treatment discontinued 
at 48 hours.    

It has previously been 
hypothesised that certain 
antimicrobials, in particular 
macrolides and tetracyclines, may 
have a therapeutic effect against 
SARS-CoV-2 itself. This likely 
contributes to the high usage of 
antibiotics in this cohort. However, 
this hypothesis remains unproven, 
and there are now numerous 
negative studies in this regard. The 
PRINCIPLE trial, which examined 
the use of azithromycin and 
doxycycline, showed no difference 
in clinical outcomes. Similarly, 
the combination of azithromycin/
hydroxychloroquine has not been 
shown to be efficacious, and has 
been associated with increased 
adverse effects. 

While bacterial co-infection at time 
of presentation in uncommon, 
these patients remain at risk of 
developing nosocomial infection 
and hospital-acquired pneumonia. 
This is unsurprising, given the 
disruption of the pulmonary 

microbiome and normal mucosal 
barrier caused by SARS-CoV-2 
infection, as well as the use of 
oxygen delivery devices. The 
direct effect of viral infection on 
the susceptibility to bacterial 
supra-infection is supported by 
ventilator-associated pneumonia 
(VAP) being seen more frequently 
in those diagnosed with COVID-19 
than in patients receiving 
mechanical ventilation for other 
indications.6 The diagnosis of 
VAP is difficult in the setting of 
COVID-19, given that the clinical 
and radiological features of both 
overlap considerably. Broncho-
alveolar lavage samples and 
endotracheal tube aspirates in 
this cohort demonstrate similar 
pathogens seen in VAP due 
to other causes, in particular 
Gram-negative organisms. These 
organisms, such as Pseudomonas 
and Klebsiella, often display drug 
resistance, as is typical of many 
VAP pathogens.     

There is a clear evidence base to 
suggest that bacterial co-infection 
is uncommon in SARS-CoV-2 
at time of presentation. Purulent 
sputum or lobar consolidation on 
chest radiography would support 
the diagnosis of bacterial co-
infection. In the absence of these 
findings, it would be reasonable 
to withhold antibiotic prescription. 
A more pragmatic approach 
may be to prescribe antibiotics 
at time of admission but stop 
after 48 hours in the absence of 
any microbiological evidence. 
It is essential in both of these 
settings to ensure appropriate 
microbiological samples (sputum, 
urinary antigens, blood cultures) 
are sent in order to make an 
informed decision. Similarly, 
appropriate microbiological 
sampling should be part of the 
diagnostic algorithm for VAP. 
These approaches require 
antimicrobial stewardship (AMS). 
AMS has been severely curtailed 
by the pandemic, both in Ireland 
and worldwide, as a result of 
reduced patient contact and 
redeployment.7 There have been 
consistent calls for targeted AMS 
regarding antimicrobial use in 
COVID-19. Based on the published 
data, AMS interventions should 
continue to use the core principles 
of appropriate diagnostic 
sampling, smart antibiotic 
choices, and early antimicrobial 
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discontinuation in the absence 
of evidence supporting bacterial 
infection. These interventions are 
of particular importance, given 
that antimicrobial resistance is one 
of the ten threats to global health 
identified by the World Health 
Organisation. The inappropriate 
use of antibiotics during this 
pandemic will only increase the 
spectre of this threat. 

Naturally, much of the early focus 
of both clinical and experimental 
Covid-19 research focused on 
the characteristics of acute 
infection. However, the long term 
sequalae of infection remain poorly 
understood. There is a growing 
number of survivors reporting 
persistent symptoms, known as 
long COVID. The symptoms of 
long COVID are legion, with the 
patient-led Covid-19 group in 
the United Kingdom reporting on 
more than 200 symptoms across 
every system. The most prevalent 
symptoms reported are fatigue, 
post-exertional malaise, and 
cognitive dysfunction. 

It has been hypothesised that the 
pathological changes in acute 
Covid-19, characterised by a 
pro-coagulant state and marked 
inflammatory response, could 
lead to long term consequences. 
These include the development 
of pulmonary fibrosis, long term 
respiratory morbidity and disability. 
As a result, pragmatic guidelines 
for the respiratory follow up of 
Covid-19 patients have been 
published.8 These suggest that 
all patients should undergo chest 
x-ray to ensure resolution of 
any acute changes to the lung 
parenchyma, while cross-sectional 
imaging in the form of CT scanning 
should be pursued in those with 
abnormal convalescent chest 
x-rays. Pulmonary function testing 
should be considered in select 
groups but is not required for all 
patients. Studies looking at these 
patients are beginning to emerge, 
with reassuring results with regard 
to pulmonary fibrosis and objective 
respiratory measures. 

A combination of chest x-ray 
and six-minute-walk test in 153 
patients at more than ten weeks 
following infection across all 
ranges of initial disease severity 
demonstrated persistent abnormal 
imaging in only 4%, while only 3 
patients experienced desaturation 
during walk testing.9 However, 
there were significant levels 
of fatigue and self-reported 
breathlessness, with these 
symptoms unrelated to initial 
disease severity. These findings 
were mirrored in a recent Lancet 
study, showing a high level of 
symptom burden with reassuring 
six-minute-walk test results in a 
previously hospitalized cohort.10 

There have been a smattering 
of studies including pulmonary 
function test outcomes. Again, 
these have been reassuring, with 
most showing preserved FEV1  
and FVC, with minimal reduction  
in DLCO. These studies, when 
taken in combination, demonstrate 
good objective pulmonary 
recovery, but persistent subjective 
symptom burden. 

There remains many unanswered 
questions surrounding long 
COVID. Research to date 
has demonstrated no clear 
relationship between severity 
of initial infection and the 
risk of developing persistent 
symptoms. Furthermore, there 
has been no correlation between 
symptoms and serological or 
radiological features identified. 
This is reassuring, although there 
remain several concerns. The 
reassuring absence of serological 
or radiological features in the 
setting of persistent symptoms 
gives hope to the idea that there 
may not be irreversible damage, 
and gives support to the possibility 
of ongoing recovery. However the 
absence of a pathological hallmark 
or disease process makes the 
development of therapeutics 
difficult, with therapies being 
focused on symptom control 
rather than the underlying cause. 
This remains an area that requires 
further exploration. 

Over the course of the last 12 
months, we have had to deal 
with many new challenges; an 
unprecedented viral pandemic, 
an unprecedented challenge 
to our health service, and an 
unprecedented research response 
to these challenges. As outlined, 
we have rapidly progressed from 

having little or no knowledge 
regarding the pathogenesis of 
this virus to having nuanced 
understanding of the clinical 
course, pathological changes, and 
potential therapeutic interventions. 
We need to ensure that this 
evidence base translates from the 
research sphere into the day-
to-day clinical practice of those 
caring for COVID-19 patients. We 
also must recognise that there is a 
second unprecedented and poorly 
understood clinical syndrome 
emerging, that of long COVID. The 
studies performed to date offer 
us some insights, but may pose 
more questions than answers. We 
must continue our strong research 
response and continue to translate 
these findings into daily practice to 
continue the provision of excellent 
care to COVID-19 survivors. 
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