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Following the appearance and worldwide cir-
culation of SARS-CoV-2, the etiologic agent of 

COVID-19, a number of existing drugs with some 
putative antiviral effects were administered to 
patients in spite of the lack of any significant evi-
dence of a possible therapeutic effect [1]. With no 
existing drugs of proven efficacy, in a sort of emer-
gency experimental scenario, a series of drugs 
like hydroxychloroquine, lopinavir/ritonavir, 
azithromycin, umifenovir, faviparivir and rem-
desivir have been used both in a compassionate 
manner and in comparative clinical trials [2]. The 
intention to repurpose existing drugs is not new 
in viral diseases, as testified by the successful use 
of lamivudine and tenofovir (both TDF and TAF) 
in both HIV and HBV infection [3, 4]. However, 
unlike the case of bacteria, the target specificity of 
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antiviral drugs is mostly species-specific and the 
results gathered in these months are so far rather 
disappointing. 
Hydroxychloroquine use in COVID-19 patients was 
described in observational studies including thou-
sands of patients, with hard endpoints like intu-
bation and death [5]. No benefit was associated to 
hydroxychloroquine use but instead a higher risk 
of death was found to be associated to the intake of 
both hydroxychloroquine alone and in combination 
with a macrolide. While much criticism was ex-
pressed around these observational studies [6], es-
pecially concerning some apparent inconsistency of 
data analyzed, no data from randomized controlled 
trials on hydroxychloroquine are yet available. 
Lopinavir/ritonavir, still a second line antiretro-
viral drug, was tested in a small-sized open ran-
domized trial in COVID-19 patients with minor 
degrees of respiratory failure, but the non-signifi-
cant limited benefit recorded in lopinavir/ritona-
vir recipients has discouraged its further use in 
COVID-19 patients [7]. 

In spite of many ongoing attempts to repurpose ex-
isting antivirals, no drugs have emerged yet with the 
desirable activity against SARS-CoV-2. Hydroxychlo-
roquine, lopinavir/ritonavir, remdesivir, umifenovir, 
favipiravir, ribavirin and b-interferon-1 gave rise 
to variable but still inconsistent proof of clinical ef-
ficacy in the treatment of COVID-19. Pathogenetic 
studies have shown significant differences between 
commonly defined viral pneumonia and COVID-19 
pulmonary disease. In severe forms, immune/inflam-
matory alterations reminiscent of disease forms like 

SUMMARY

Macrophage Activation Syndrome (MAS) have been 
described, and therapeutic options other than anti-in-
fective have been proposed and implemented, such 
as anti-inflammatory and anticoagulative agents. The 
thrombotic phenomena described in the pulmonary 
vascular bed of patients with severe COVID-19 sug-
gest the administration of low-molecular weight hep-
arin (LMWH) as standard measure in hospitalized 
patients with COVID-19. 
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Umifenovir and favipiravir were compared in a 
randomized study with no control arm. Although 
an overall better outcome was recorded in favip-
iravir recipients (7 day recovery rate), the lack of a 
control arm made it impossible to draw any mean-
ingful conclusion about the possible role of these 
anti-influenza drugs in COVID-19 patients [8]. 
In a randomized double-blind comparative trial 
the use of remdesivir was not found to be associat-
ed to a significant improvement when compared 
to placebo [9]. In the same study, the use of remde-
sivir did not even provide a faster viral clearance 
from upper airways, thus casting doubts about its 
real antiviral effect against SARS-CoV-2. In a fur-
ther numerically larger (538 vs 521 patients) dou-
ble-blind comparative trial vs placebo remdesivir 
was instead found to be significantly associated 
to a shorter time to recovery and with a reduction 
in mortality, although not statistically significant 
(7.1% with remdesivir and 11.9% with placebo) 
[10]. These findings suggest that a very early ad-
ministration of remdesivir might (mildly) impact 
on the clinical course of SARS-CoV-2 infection, al-
though more insights into its real antiviral action 
are required. 
More recently, the findings of a small-sized open 
randomized trial comparing b-interferon 1b in as-
sociation with ribavirin and lopinavir/ritonavir 
vs lopinavir/ritonavir alone disclosed an advan-
tage for the b-interferon 1b group in terms of a 
shorter time to viral clearance as established by 
nasopharyngeal swab [11]. 
Albeit some recognizable effects did actually 
emerge from few of such studies, this multifac-
eted drug-repurposing initiative is far from pro-
viding the desired results. This challenge is made 
methodologically more difficult by the relative-
ly low mortality rate attributable to COVID-19, 
which makes mandatory the implementation of 
very large clinical trials with careful patients re-
cruitment and stratification. 
Newer findings concerning the pathogenesis of 
COVID-19 do suggest that pneumonitis devel-
oping in SARS-CoV-2-infected patients behaves 
differently as compared to viral pneumonia due 
to other respiratory pathogens [12]. A number of 
findings look atypical when compared to what is 
commonly known about conventional viral pneu-
monia, and two are particularly striking. The first 
concerns the rather short duration of fever in 
spite of developing pneumonitis. Patients requir-

ing hospitalization are often admitted with fever, 
which often spontaneously subsides in spite of 
multiple still expanding infiltrations in the lungs. 
A second surprising point is the fast-developing 
pulmonary fibrosis, which is the pathologic land-
mark associated to respiratory failure and need 
for assisted ventilation [13]. A reappraisal of the 
pulmonary pathogenesis of COVID-19 has shed 
some light on a possible multistep mechanism 
taking place in the wide anatomic interface in-
volving type II pneumocytes, interstitial space, 
microcirculation and macrophages [14]. SARS-
CoV-2 was found to be able to infect type II pneu-
mocytes through binding to ACE2 receptors, 
which are abundantly expressed in these resident 
pulmonary cells [15]. Infection of type II pneumo-
cytes occurs in close anatomical connection with 
both the pulmonary microvascular network and 
lung stromal cells, including lymphocytes under-
going activation. This leads to macrophage re-
cruitment and activation with associated release 
of proinflammatory and procoagulant molecules. 
In such a low blood pressure setting with thin 
vessel walls, immunothrombosis follows due to 
high local cytokines levels, tissue factor synthe-
sis and eventual vessel injury [16]. Despite inten-
sive fibrinolytic reaction microthrombi formation 
takes place, with ensuing pulmonary infarction, 
hemorrhages and pulmonary hypertension. The 
widespread hemorrhagic phenomena taking 
place in the lungs are then followed by extensive 
fibrotic reaction, which challenges to various ex-
tent the full recovery of respiratory function. Such 
a pathogenetic hypothesis well matches with the 
higher risk of severe disease forms in patients 
with pre-existing risk factors for cardiovascular 
diseases. This severe inflammatory response is 
reminiscent of the cytokine storm associated to 
the Macrophage Activation Syndrome (MAS), 
also termed secondary haemophagocytic lymph-
oblastocytosis (sHLH) [17], and these similarities 
prompted the promising experimental clinical use 
of anti-cytokine therapy in the treatment of se-
vere forms of COVID-19 [18]. It is thus apparent, 
according to this pathogenetic hypothesis, that 
COVID-19 actually begins as a viral respiratory 
disease, but its major pathologic findings are the 
result of a so far incompletely disclosed delayed 
inflammatory/immune reaction [12]. As a con-
sequence, while an early antiviral therapy (once 
available) might actually reduce the chance of a 
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subsequent severe progression (by possibly re-
ducing viral replication in the airways), the treat-
ment approach to COVID-19 should also be ori-
ented to drugs avoiding thrombotic phenomena 
and mitigating the phlogistic processes.
Following both clinical experience and according 
to autopsy studies, coagulopathy is being per-
ceived as increasingly important in the patho-
genesis of severe COVID-19 disease [19]. In a 
Chinese case series in-hospital mortality was as-
sociated to D-dimer blood levels >1 mg/mL and 
coagulopathy was much commoner in patients 
who died (27/54, 50%) than in survivors (10/137, 
7%, p<0.0001) [20]. However, the local (pulmo-
nary) rather than systemic nature of coagulation 
abnormalities was apparent in these patients as, 
unlike disseminated intravascular coagulation 
(DIC), both platelets level and prothrombin time 

were found to be both in the normal range [14, 
20]. D-dimer seems to actually play the role of a 
key parameter in estimating the severity of COV-
ID-19 associated pulmonary disease. Although 
still debated, the administration of prophylactic 
heparin has gradually gained consent as stand-
ard measure to be applied to hospitalized COV-
ID-19 patients, unless contraindicated [21]. In a 
retrospective investigation of 449 patients the 
mortality rate at 28 days was lower in heparin in-
takers when D-dimer levels were six times upper 
the normal limit of normality, and the same ap-
plied to those with sepsis-induced coagulopathy 
scores > 4 [22]. It must also be noted that heparin 
action in case of COVID-19 patients might not be 
limited to its anticoagulative effects, as interfer-
ence with viral spike protein (binding to ACE2 
receptors) and down-regulation of >IL-6, which 

Figure 1a - Ct-Scan picture of a 52-male admitted for mild COVID-19 made on admission.

Figure 1b - Control CT-Scan picture made 15 days after hospital discharge in the same patient (who cleared his 
PCR signal for SARS-CoV-2 infection) showing nely appeared fibrotic lesions in the posterobasla lateral portions 
of the lungs. A further CT-Scan made a month later showed unaltered findings.
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is part of the cytokine storm, have been both de-
scribed [21, 23]. Timing and doses of heparin are 
still being discussed, and a randomized clinical 
trial with high-dose of the low-molecular weight 
heparin (LMWH) enoxaparin is ongoing in order 
to verify whether early LMWH treatment might 
impact on COVID-19 outcome [24]. The role of 
LMWH prophylaxis deserves attention also in 
clinical cases with limited evolution, as persistent 
pulmonary lesions with possible long-term im-
pact on respiratory function have been described 
in patients who eventually recovered from COV-
ID-19 [25]. 
The example here shown (see Figure 1) concerns 
a 52-year old male subjects who experienced mild 
respiratory failure during a 12-day hospitaliza-
tion for COVID-19 in Italy. The patient was one of 
the first COVID-19 cases hospitalized in Torino, 
Italy, and no prophylactic LMWH was adminis-
tered. He was admitted to the hospital following 
three days of cough, high fever, diffuse muscular 
aches and general malaise. Fever subsided after 
two days and an uneventful recovery took place, 
with first negative PCT test for SARS-CoV-2 infec-
tion at hospital discharge. Saturation was 91% on 
admission but rose to 97% four days afterwards. 
The patient had a mild disease, as also testified 
by his first CT-scan picture taken on admission. 
Once discharged he underwent a control visit 
after 15 days to confirm negativity of PCR test-
ing for SARS-CoV-2 infection and for CT-Scan 
control. Testing for SARS-CoV-2 infection was 
confirmed as negative, but surprisingly, the CT-
Scan disclosed new fibrotic pulmonary lesions in 
posterolateral-basal portions of the lung. These 
lesions remained unaltered at a further control 
made 20 days later, with saturation persistent-
ly above 97% and no additional signs or symp-
toms. LMWH prophylaxis was not given as such 
practice was standardized later in the course of 
the Italian COVID-19 epidemic, and the question 
here is whether its administration would have re-
duced the development or the size of these lately 
appearing pulmonary fibrotic lesions [26]. What-
ever the answer, since residual fibrotic pulmonary 
lesion might impact on pulmonary function in re-
covered patients, these findings actually deserve 
attention, as such kind of post-recovery fibrotic 
morbidity might be less rare than otherwise ex-
pected. The analysis of a 70-patient series in China 
revealed that as much as 94% of patients (66/70) 

had residual disease on their final CT-Scans, with 
ground-glass opacities as the prevalent pattern 
[25]. 
While the final position of LMWH in the man-
agement of COVID-19 has still to be defined, the 
prophylactic use of LMWH, also considering its 
favorable risk/benefit ratio, seems warranted in 
patients requiring hospitalization. 
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