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Abstract
We report our initial experience with the management of a mixed group of patients with COVID-19 infection, admitted and
treated in a designated COVID-19 centre in the Athens Metropolitan area over a 4-week period. The SARS-CoV-2 pandemic
presented a huge challenge to the Greek National Healthcare System and healthcare workers. Their response so far has been
miraculously effective. Since there are essentially no therapeutic guidelines yet for this disease, we relied mainly on our medical
intuition, our empathy for our patients and team work to do the best possible for 49 people with this infection. We present the
therapeutic algorithm we gradually developed (on the job) and applied in our patients, based on continuous creative brainstorm-
ing and monitoring of the literature.
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Introduction

The SARS-CoV-2 pandemic found Greece at a phase of
attempting to exit a 10-year socioeconomic crisis. The
National Health Care System has greatly suffered the conse-
quences of this crisis and is soon reaching a critical point. A
large body of physicians is about to retire simultaneously

while a lot of young doctors and nurses have sought work
and education outside the country. Uncertainty and fear have
been spreading all over the country, especially after
witnessing the situation in Italy.

Methods

Our small hospital in Athens Metropolitan area (capacity of
170 beds, actual capacity based on staff levels 60 beds) was
designated as a COVID-19 centre, aiming to treat up to ‘me-
dium’ severity of patients with COVID-19 infections, as we
lack intensive care unit beds but do have 2 high-dependency
unit beds. Before the pandemic, our hospital was facing sig-
nificant staff shortages and a large part of the medical equip-
ment was relatively old. It should be noted that computed
tomography was not available in our hospital during the peri-
od of this report. Our personnel had to be trained through fast-
track courses, as previous collective experience with personal
protective equipment (PPE) had been relatively limited in our
country. Our personnel initially exhibited a significant degree
of anxiety and tension, something totally expected in the face
of a pandemic without available therapeutic guidance, not
only locally but even worldwide (https://www.who.int/).
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To respond to the challenge, we had to use all our collective
clinical experience, our empathy for our patients and our sense
of camaraderie. A pandemic has been repeatedly paralleled
with a war situation, where unconventional methods may need
to be used to prevent huge losses, especially at the beginning
of the pandemic, where minimal data are available. Besides
our collective clinical experience, including the one from the
HIV/AIDS epidemic, we even had discussions with senior
veterinarians, who are familiar with bovine coronaviruses.
Their input and pertinent literature about a relatively high rate
of coinfections in syndromes caused by bovine coronaviruses
did influence our practice [1]. We obviously had to combine
their paradigm and approach with continuous literature review
of COVID-19 treatment data, our evolving national guide-
lines, extreme caution for side effects and frequent audit of
our practice.

We overall treated a total of 49 patients with COVID-19
infection over a 4-week period, March 16 through April 12,
2020 (see Table 1 for demographics). Patients were either
admitted from home or transferred from another tertiary care
hospital for continued care. The median age was 63 years and
the age range was 20–95 years. In case of need for intubation,
the patient was subsequently transferred to an ICU bed else-
where.We gradually developed a ‘relatively clear’ therapeutic
algorithm, presented below.

Results

Based on our national and also international guidelines, we
would start treatment with hydroxychloroquine and
azithromycin (https://eody.gov.gr/wp-content/uploads/2020/
03/covid-19-algorithmos-therapeia.pdf; https://www.ema.

europa.eu/en/news/update-treatments-vaccines-against-
covid-19-under-development). We realised that quite a few
women and younger men did not need more than that. Some
of those patients could have probably required just
azithromycin, a unique broad-spectrum antimicrobial with
long intracellular half-life combined with anti-inflammatory
properties, or maybe nothing at all. We avoided using
hydroxychloroquine in patients with known G-6-PD deficien-
cy, ischaemic heart disease with or without heart failure and
macular degeneration (https://newsroom.heart.org/news/
caution-recommended-on-covid-19-treatment-with-
hydroxychloroquine-and-azithromycin-for-patients-with-
cardiovascular-disease-6797342).

In case of intolerance or allergy to macrolides, we started
using a similar unique class of antimicrobials, i.e. tetracy-
clines, most often doxycycline [2].

Overall, 46/49 patients received hydroxychloroquine (2
had known G-6PD deficiency and one with known macular
degeneration) and 48/49 received azithromycin.

For more unwell patients on admission, especially with
high fever, elevated C-reactive protein (CRP) and ferritin
and lobar or multi-lobar infiltrates in addition to the ‘usual’
COVID-19-related interstitial pattern, we used on admission
an additional antimicrobial agent approved for community-
acquired pneumonia, for example amoxicillin with or without
clavulanate or ceftriaxone.

For patients with significant penicillin allergies, we fre-
quently elected to use teicoplanin due to in vitro data about
possible direct antiviral activity, already published experience
in patients with COVID-19 infection and low rate of adverse
effects [3]. We noted that quite a few patients of various ages
and both genders with diabetes mellitus seemed to be in need
of such a regime and, thankfully, most of them responded well
[4].

Overall, 33/49 patients received a 3rd agent for community
acquired pneumonia.

We noticed that, despite the regimes used above, a few of
our patients exhibited clinical, laboratory and radiological de-
terioration, most of them between days 7 and 12 from onset of
symptoms. They exhibited worsening PaO2/FiO2 ratios,
worsening interstitial infiltrates and/or superimposed lobar or
multi-lobar infiltrates, indicating possibly a bacterial superin-
fection. Interestingly, we rarely noticed accompanying hypo-
tension requiring fluid resuscitation or inotropic support, de-
spite continuing most of the patients’ prior medications, espe-
cially angiotensin-converting enzyme inhibitors (ACEI) or
angiotensin II receptor blockers (ARB). Even though we did
sent quite a few culture specimens (blood, and sputum) as well
as urine pneumococcal and Legionella antigen in many pa-
tients, we essentially did not detect bacterial co-pathogens,
except for a few instances of Candida in the sputum, which
is frequently viewed as contaminant.

Table 1 Demographics, treatment details and outcome

Patient number 49

Men/women 30/19

Median age 30/19

Median duration of stay 14 days

Azithromycin 48/49

Hydroxychloroquine 46/49

3rd agent for community-acquired pneumonia 33/49

Escalated regime 22/49

‘PJP’ regime 8/49

Corticosteroids 11/49

PaO2/FiO2 ratio less than 200 12/49

Intubation 8

Probable cytokine release syndrome 3

Total deaths 6

Deaths directly attributed to COVID-19 infection 3
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However, based on the veterinarian paradigm and lack of
proven alternative therapeutic guidance or strategy for the
deteriorating patient with COVID-19 infection, we started
deploying a careful antimicrobial regime escalation strategy
on those patients.

We used an ‘escalated’ regime that included broad spec-
trum agents for healthcare-associated pneumonia, tailored to
our local susceptibility data. Examples were either
piperacillin-tazobactam or a carbapenem, combined with
teicoplanin or linezolid. We did use tigecycline in 1 patient,
although one needs to monitor fibrinogen levels after a few
days of treatment [5].

In a few patients, we ended up using the ‘escalated’ regime
combined with corticosteroids, when the PaO2/FiO2 ratio
dropped to 200 or lower but without ‘significant’ lymphope-
nia (see below).

Additionally, for people with ‘significant’ lymphopenia,
which we defined as a total lymphocyte count of 850 per
mm3 or lower (back in the AIDS era, this roughly corresponded
to a CD4 count of 150 cells per mm3) and respiratory deterio-
ration with a PaO2/FiO2 ratio of 200 or lower, we empirically
used, for a few days, what used to be the treatment for
Pneumocystis jiroveci pneumonia (PJP) in the AIDS era, i.e.
high-dose trimethoprim-sulfamethoxazole and corticosteroids
[6]. Trimethoprim-sulfamethoxazole is advantageous as a
broad spectrum antibacterial and antifungal agent, while some
believe it also possesses direct antiviral and anti-inflammatory
properties [7].

Two of our patients presented on days 7–10 of symptoms
with ‘unexpected’ oral candidiasis (no risk factors like known
immunosuppression or recent antimicrobial use). Interestingly,
one of them had symptoms compatible with oesophageal can-
didiasis, which in our view was indicative of a more profound
and acute T cell immunologic deficit, already described in the
literature [8]. We have not come across yet of other similar
reports in the literature.

We used corticosteroids at a dose of 4 mg of dexametha-
sone every 6 h for non-diabetics and 8 mg every 6 h for people
with diabetes mellitus for 48–72 h and then started rapid
tapering.

Overall, 22/49 patients received the ‘escalated’ regime, 8
patients received trimethoprim-sulfamethoxazole and 11 pa-
tients received corticosteroids.

Out of the 49 patients we treated, we had 6 deaths. Three
patients, ages 90, 92 and 95, died from healthcare-associated
pneumonia rather than pneumonia due to COVID-19 infection
and they were not intubated. Two patients died from likely
cytokine release syndrome, which we attempted to treat with
corticosteroids only, as immunomodulatory therapies were
not available at that time. A total of 8 patients had to be
intubated, 7 of them were transferred to another hospital
(Table 1).

Discussion

Overall, we ended up using the ‘escalated’ regime in nearly
40% of our patients, in some of them with corticosteroids, and
additionally the ‘PJP’ regime in nearly one-fourth of our pa-
tients who ‘typically’ deteriorated due to COVID-19 infec-
tion. For the patients where the enhanced regimes were used,
we did notice clinical response/improvement within 2–3 days
and even significant radiological improvement within 4–
5 days, something not usually observed with ‘classic’
community- or healthcare-acquired pneumonia. Most of the
antimicrobial courses we used were for 5–7 days.

As mentioned, we recovered essentially no co-pathogens
from the microbiological investigations we sent in our small
sample of patients. One would argue that we adopted an un-
conventional and risky strategy and have been systematically
violating the classic rule of traditional General Medicine and
Infectious Diseases teaching, i.e. ‘antimicrobials are not rec-
ommended for a viral infection’.

However, the following points are worth mentioning:
We observed a consistent pattern of progressive CRP and

ferritin elevation, along with worsening PaO2/FiO2 ratio and
new infiltrates, either interstitial or—even more—lobar/multi-
lobar in patients who clinically deteriorated at days 7–10, as
already described. We cannot recall many viral infections
known to increase the CRP and ferritin in such high levels
and additionally cause lobar and multi-lobar infiltrates. When
those patients were administered antimicrobials with or with-
out corticosteroids, the timing of their clinical and laboratory
improvement was very similar to the timing of response to a
‘classic’ bacterial pneumonia, in terms of improved PaO2/
FiO2 ratio, decreased polymorphonuclear white blood cells,
increased lymphocytes and decreasing C-reactive protein
(about ferritin, see below).

We essentially had minimal antimicrobial-related side ef-
fects attributed to our strategy. We had 1 case or oral candidi-
asis and 1 case of teicoplanin-related skin rash. Both happened
after day 5 of antimicrobial therapy and while patients were
improving otherwise. Quite a few patients had diarrhoea;
however, in only 1 elderly female patient, it looked to be
related to antimicrobial use and easily went away with discon-
tinuation. There were no cases of Clostridioides difficile in-
fection and no superinfections by multi-resistant healthcare-
related pathogens, even though all our patients stayed in-
hospital at least 2weeks (median duration of staywas 2weeks)
and there was definitely blending with patients that were ad-
mitted from other hospitals and expected to be colonised by
multi-resistant pathogens. In regard to the last argument, one
could argue this could be partially attributed to higher quality
than usual infection control precautions and measures.

Needless to say, we meticulously reviewed our antimicro-
bial choices on a daily basis, based on widely accepted prin-
ciples of antimicrobial stewardship in regard to de-escalation,
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rationalisation and total duration of treatment [9]. As already
mentioned, and based on our small experience so far, patients
may not need more than 5 days of antimicrobial treatment per
episode of deterioration, even the ones who have developed
adult respiratory distress syndrome.

In terms of corticosteroids at the stage of clinical deterio-
ration, our experience was that it was safe to give along with
broad spectrum antimicrobials and we used them at a dose of
4 mg of dexamethasone every 6 h for non-diabetics and 8 mg
every 6 h for people with diabetes mellitus. The reason for the
chosen higher dose in diabetics was mostly theoretical and
based on the association described between type 1 diabetes
mellitus and adrenal insufficiency [10]. We did not have sig-
nificant hyperglycaemia issues with that practice.

We believe we successfully prevented intubation with the
above regimes in quite a few patients, including rapidly dete-
riorating high-risk patients, i.e. men in their 60–80s. We per-
fectly understand the risks of giving corticosteroids in patients
with dropping lymphocyte counts; however, our initial expe-
rience showed that corticosteroids, combined with antimicro-
bials, not only were effective in slowing down ARDS in
COVID-19 infection but additionally that the lymphocyte
count promptly rose as soon as we initiated fast tapering [11].

There is growing experience on the beneficial role of im-
munomodulatory therapies for deteriorating patients, especial-
ly for the acutely and unexpectedly deteriorating patients with
the cytokine release syndrome (CRS) [12]. In our experience,
intense and prolonged rigours (2–3 days) around days 7–10
from symptom onset should alert the clinician to the possibil-
ity of this syndrome and trigger measurements of biologic
markers like interleukin-6, interleukin-1 and, if available, oth-
er markers of endothelial activation like soluble urokinase-
type plasminogen activator receptor (sUPAR). In our country,
at this stage, these measurements and immunomodulatory
treatments are not available outside research protocols [13].
If those treatments are not available, high-dose steroids might
be effective and could be used in analogy to the haematology/
oncology literature on CRS treatment [14].

We have been following CRP and ferritin as inflammatory
markers [6]. Our experience so far indicated that these 2 pa-
rameters follow different kinetics and our initial impression
and working hypothesis were that, while CRP is mainly a
marker of a coexistent infection or superinfection, ferritin
might be a better marker of viral replication besides being a
coinfection/superinfection marker. We realise that this is just a
hypothesis that remains to be confirmed through appropriate
large-scale studies. We have definitely noticed asymptomatic
increases in ferritin that coincide temporally with positive po-
lymerase chain reaction (PCR) testing.

We obviously do not have a pathophysiologic basis for
treating a viral infection with antimicrobials, besides the vet-
erinarian ‘equivalent’, if there is one yet. Last few years, there
has been a growing number of reports on the role of lung

microbiota in lung infection, disease susceptibility and sever-
ity. Alterations of lung microbiota could potentially modify
immune response against SARS-CoV-2, the ‘original’ viral
pathogen and secondary bacterial infection(s). In one study
where metatranscriptome sequencing was conducted on bron-
choalveolar lavage fluid (BALF) samples from 8 subjects with
COVID-19, high evolution rate of the virus was noted.
Meanwhile, no specific microbiota alteration in the BALF of
COVID-19 patients was found in comparison to community-
acquired pneumonia patients with other suspected viral causes
[15].

Conclusion

We employed a stepwise antimicrobial strategy for our dete-
riorating patients with COVID-19 infection, based on our pri-
or diverse clinical experience, the continuous audit of our
practice, our collective sense of urgency, responsibility and
creative intuition. Hospitalised patients with COVID-19 infec-
tion need comprehensive, meticulous and personalised care
[16]. For example, it is well known by now that aggressive
hydration should be avoided in these patients and keeping
them on the ‘dry side’ is preferred; we routinely use diuretics
to most of our patients [17]. Another crucial point is particular
attention to the guidelines on appropriate deep vein thrombo-
sis prophylaxis. In a few patients who deteriorated, especially
ones with higher body mass index (BMI) and/or D-dimers
more than 4–5 times the upper normal limit, we have used
therapeutic doses of low molecular weight heparin until they
recovered [18]. We have not had significant bleeding compli-
cations attributed to our practice.

We have been vigilant for problems like acute coronary
syndromes, pulmonary embolism and/or exacerbation of prior
diseases, depending on each patient’s profile.

We have now started an outpatient Internal Medicine
Clinic specifically for follow-up of COVID-19 patients re-
cently admitted to our hospital [19].

Limitations

At this stage of the pandemic in our country and the circum-
stances of our practice, we had neither the numbers to prove
our largely empirical therapeutic strategy practices are effec-
tive nor the time and capacity to set up a proper study, even
though we are not sure what the term ‘proper study’ would
mean to different people in a pandemic. Classic medical teach-
ing emphasises how essential the medical diagnosis is for the
patient so appropriate and individualised treatment can be ini-
tiated. Paradoxically, in COVID-19 infection, the diagnosis is
obvious, a viral infection; however, treatment is lacking and is
more than urgently needed as people die from this viral
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infection who were not supposed to. Maybe we do not have
the ‘whole’ diagnosis or there are ‘more than one’ diagnoses
in some patients. Our humble goal was just to communicate
our collective institutional experience so far, as things are
evolving [20]. Thankfully, we have not had significant side
effects or superinfections attributed to the antimicrobial strat-
egies or other practices we have implemented so far ‘beyond’
the existent guidelines and norms. We believe we have saved
some lives by now and intend to continue refining our prac-
tice, based on more incoming literature data.
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