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Risk factors of severe pneumonia in COVID-19

According to a large epidemiological study of COVID-19 from 
Chinese Center for Disease Control and Prevention, the overall 
case-fatality rate (CFR) was 2.3 % (1023/44 672 confi rmed cases)
(3). The most important risk factors for severe morbidity and mor-
tality are older age and comorbidities. 

In patients with no pre-existing conditions the CFR was how-
ever only 0.9 %. Those aged 70 to 79 years had an 8.0 % CFR and 
cases in those aged 80 years and older had a 14.8 % CFR. CFR 
was elevated among those with pre-existing comorbid conditions 
10.5 % for cardiovascular disease, 7.3 % for diabetes, 6.3 % for 
chronic respiratory disease, 6.0 % for hypertension, and 5.6 % for 
cancer. Among the 44 672 cases, a total of 1716 were health care 
professionals (3.8 %). In this group 5 (0.3 %) deaths were observed

A recent retrospective analysis of 191 severe inpatients 
with COVID-19 from Wuhan revealed that comorbidities were
present in nearly half of the patients, with hypertension being the 

most common, followed by diabetes and coronary heart disease 
(4). The median age of the analysed 191 patients was 56.0 years 
(IQR 46.0–67.0) and most patients were male. Comorbidities were 
a signifi cant predictor of mortality, including hypertension with 
OR 3.05 (1.57–5.92) (48 % of non-survivors vs 23 % in survivors, 
p = 0.0008), diabetes with OR 2.85 (1.35–6.05) (31 % vs 14 %, 
p = 0.005), coronary heart disease with OR 21.40 (4.64–98.76) 
(24 % vs 1 %, p < 0.0001, chronic kidney disease (CKD), (4 % 
vs 0 %, p = 0.02). 

From another perspective the overall CFR in hospitalized pa-
tients with hypertension was 26/58 (45 %) in those with diabetes 
17/36 (47 %), coronary heart disease 13/15 (87 %) and both hos-
pitalized CKD patients died. On the other hand, CFR in patients 
with severe COVID-19 and no comorbidities was 18/100 (18 %).

In a study conducted by Guan et al, which included 1099 
patients with confi rmed COVID-19, 173 had severe disease 
with comorbidities of hypertension (23.7 %), diabetes mellitus 
(16.2 %), coronary heart diseases (5.8%), and cerebrovascular 
disease (2.3 %) (5). 

It has been confi rmed that 2019-nCoV uses the same cell entry 
receptor—angiotensin converting enzyme II (ACE2) ‒ as SARS-
CoV (2) (6). Recently it has been hypothesised that patients with 
cardiac diseases, hypertension, or diabetes, who are treated with 
ACE2-upregulating drugs such as ACEi, ARB or spironolactone 
are at higher risk of severe COVID-19 infection (7). 

ABSTRACT 
Dear editors: We propose novel strategies to combat the COVID-19 outbreak, that are aimed at high-risk 
groups and might reduce the progression to severe forms of COVID and thus decrease the very high case 
fatality rate.
Following the fi rst reports of the outbreak of several cases of acute respiratory distress syndrome in the 
Chinese city of Wuhan at the end of December 2019, a novel beta coronavirus, named severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2 or 2019-nCoV) as the main causative agent was identifi ed 
while the disease associated with was named by WHO as COVID-19 (1, 2). 
The outbreak has rapidly spread globally with more than 150.000 cases detected in over 100 countries as of 
March 13, 2020. The overall case-fatality rate (CFR) of COVID-19 in China was 2.3 %, but globally it seems 
to be higher in the range of 3‒5 % (3). At present, no specifi c antivirals or approved vaccines are available 
to combat COVID-19. Many patients however receive off-label antivirals such as lopinavir/ritonavir, ribavirin 
and/or chloroquine and /or interferons. Several new antivirals such as remdesivir are studied in ongoing 
clinical trials. 
Given the alarming global situation and rapidly evolving large scale pandemics, there is an urgent need 
for effective strategies to prevent the spread of the disease and decrease its high CFR. The gravity of the 
situation requires to consider even novel unorthodox strategies to control the outbreak and high lethality of 
COVID-19. (Tab. 2, Ref. 21). Text in PDF www.elis.sk
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Implications for prevention and treatment of severe COV-
ID-19 in high-risk groups 

The above presented hypothesis leads to some very impor-
tant implications, that should be considered, given the severity 
of the rapidly evolving COVID-19 pandemics. There are large 
groups of population that are at high-risk of developing severe 
forms of COVID-19. These include seniors (> 65 years) and/or 
patients with commorbidities such as hypertension, diabetes and 
coronary heart disease, 

Chemoprophylaxis in high risk groups

There are two widely available medications that were shown 
to inhibit the SARS-CoV proteases, hydroxychloroquine (HCQ, 
Plaquenil) or chloroquine (CQ, various generic brands) and lopi-
navir/ritonavir (LPV/r, Kaletra or Alluvia, AbbVie). Others such 
as remdesivir are late stages of clinical development.

Chloroquine/Hydroxychloroquine

Chloroquine (CQ) or hydroxychloroquine (HCQ, has been 
used worldwide for more than 70 years for the treatment and 
prophylaxis of malaria. It is widely available, cheap and has an 
established clinical safety profi le. Other uses include treatment of 
rheumatoid arthritis, lupus, and porphyria cutanea tarda. Besides 
its antiviral activity, chloroquine has an immune-modulating activ-
ity, which may synergistically enhance its antiviral effect in vivo. 
Chloroquine is widely distributed in the whole body, including 
lung, after oral administration. Chloroquine is extensively dis-
tributed with an enormous total apparent volume of distribution 
(Vd) more than 100 L/kg, and a terminal elimination half-life 
of 1 to 2 months (8). As a consequence, distribution rather than 
elimination processes determine the blood concentration profi le of 
chloroquine. Caution has to be exercised for the development of 
QT prolongation on ECG, development of hypoglycemia, anxiety
and retinopathy. 

Very recently CQ has been shown to be effective in reducing 
viral replication of coronavirus SARS-CoV-2. Effective concentra-
tion (EC)90 of 6.90 μM can be easily achieved with standard dos-
ing, due to its favourable penetration in tissues, including the lung 
(9). Vincent et al observed that the inhibitory effects of chloroquine 
on SARS-CoV infectivity and cell spread occurred in the presence 
of 1–10 μM chloroquine , which are plasma concentrations achiev-
able during the prophylaxis and treatment of malaria (varying 
from 1.6–12.5 μM) and hence are well tolerated by patients (10, 
11). Concentrations of 10 μM completely abolished SARS-CoV 
infection. Pre-treatment with 1 and 10 μM chloroquine reduced 
infectivity by 53 %, and 100 %, respectively. When chloroquine 
was added after the initiation of infection, there was a dramatic 
dose-dependent decrease in the number of virus antigen-positive 
cells. As little as 0.1–1 μM chloroquine reduced the infection by 
50 % and up to 90–94 % inhibition was observed with 33–100 μM 
concentrations (10). 

Meanwhile there are 23 ongoing clinical trials in China and 
6 trials in USA and Europe, that evaluate the use of CQ for CO-
VID-19 therapy, pre-exposure prophylaxis and post-exposure 
prophylaxis, although the results are pending (12). Severe expert 
opinion based guidelines recommend to include CQ or HCQ in 
the treatment protocols of severe cases of COVID-19. The Dutch 
Center of Disease control (CDC), in a public document on its 
website, suggested to consider a HCQ regimen in adults in a dose 
of 600 mg of HCQ at baseline followed by 300 mg after 12 hours 
on day 1, then 300 mg BID orally on days 2–5 days (Dutch, Ac-
cessed on 14th March 2020) (13). The Italian group of intensive 
care experts GiViTI recommends CQ 500 mg BID or HCQ 200 
mg BID for 5 days according to clinical severity (Teleconference 
in Italian, Accessed on 14th March 2020) (14). Belgian group
experts recommend HCQ 400 mg at suspicion or diagnosis, 
400mg 12 hours later followed by 200mg BID up to Day 5 (15). 
Tehran group recommends for health care providers prophylaxis 
with 200 mg hydroxychloroquine per day, except for those with 
any contraindication. For post exposure cases, a loading dose of 
600‒800 mg on the fi rst day followed by 200 mg daily is recom-
mended (16). 

The dose of chloroquine administered should target plasma 
concentration in a range of 1‒3 μM, that is both safe and effec-
tive according to in-vitro studies discussed above. According to 
Mackenzie a cumulative dose of 5 g of chloroquine over a period 
of approximately 3 weeks is necessary to reach a plasma concen-
tration of 1μM and 10 grams to reach plasma concentration of 10 
μM (17). In this report, the safe dosage zone was calculated to be 
less than 4.0 mg/kg per day for chloroquine and less than 6.5 mg/
kg per day for hydroxychloroquine, while the toxic threshold is 
5.1 and 7.8 mg/kg per day, respectively. 

Lopinavir/ritonavir

Many in vitro studies have shown that SARS-CoV could be 
inhibited by LPV/r in given in commonly prescribed dosing (18). 
In a clinical trial by Chu et al, 41 patients with SARS, followed 
for 3 weeks, were treated with a combination of lopinavir/ritonavir 
and ribavirin (19). Patients were administered lopinavir (400 mg)/
ritonavir (100 mg) orally every 12 hours for 14 days. The clinical 
progress and virological outcomes were monitored and compared 
to 111 patients treated with ribavirin only, who served as histori-
cal control. The adverse clinical outcome (ARDS or death) was 
signifi cantly lower in the treatment group than in the historical 
control (2.4 % vs 28.8 %, p < 0.001) on day 21 after the onset of 
symptoms. Patients had a decreasing viral load and rising periph-
eral lymphocyte count.

Another study by Park et al assessed the effi cacy of ribavirin 
and LPV/r as post-exposure prophylaxis for healthcare workers 
(HCWs) exposed to patients with severe MERS-CoV pre-isolation 
pneumonia (20). Lopinavir/ritonavir was administered orally at a 
dose of 400 mg/100 mg every 12 h for 11‒13 days. Ribavirin was 
administered orally at a loading dose of 2000 mg followed by 1200 
mg every 8 h for 4 days and then 600 mg every 8 h for 68 days. 
Post-exposure prophylaxis was associated with 40 % decrease in 
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the risk of infection among HCW. There were no severe adverse 
events during PEP therapy.

This data reveal that LPV/r has a potential to prevent and 
mitigate the course of a coronavirus infection, especially in the 
early stage (18). However, this data is from the trials with SARS 
or MERS coronaviruses and the results of recent LPV/r trials in 
COVID-19 are still pending. 

Proposed medical prophylactic measures in high risk groups

The proposed prophylactic regimes of hydroxychloroquine, 
chloroquine and lopinavir/ritonavir is presented in Table 1. The 
dosing of HCQ and CQ was calculated to reach and maintain a 
plasma steady state concentration of 1‒3 umol/L that is both safe 
and effective to decrease viral replication as discussed above. Giv-
en the narrow therapeutic window, body weight dosing is preferred 
to fi xed dose regime. Contraindications for chloroquine has to be 
thoroughly considered especially the risk of hypoglycaemia in 
diabetic patients. LOP/r should be used instead in patients where 
HCQ or CQ use is risky. 

The prophylactic measures for high-risk groups for severe CO-
VID-19 are summarized in the Table 2. We suggest that patients 
with high risk of severe COVD-19 take a short prophylactic course 
of available drugs shown to inhibit the SARS-CoV proteases, i.e. 
hydroxychloroquine and/or lopinavir/ritonavir. If hydroxychloro-
quine is not available chloroquine should be used instead. 

Conclusi ons 

There is a striking difference in the case fatality rate among 
various risk groups. The high-risk groups comprise patients with 
advanced age, comorbidities and immunosuppressed patients. 

Current strategies to control the outbreak of COVID-19 have 
been non-discriminatory and have implied draconian epidemio-
logical measures such as lockdowns of entire countries for a long 
period of time. Their long-term effectiveness remains to be proven. 

We propose another approach. More consideration should be given 
to high risk groups, as they carry the highest risk of complicated 
course of the disease as well as the highest burden for the limited 
health care resources of affected countries.

We suggest short-term prophylactic use of approved medica-
tions with established SARS-CoV-19 anti-viral activity in high-
risk groups. We propose short course of hydroxychloroquine or 
chloroquine and/or lopinavir/ritonavir. These drugs are generally 
safe and well tolerated. The risk of use in high risk groups is ac-
ceptable. Especially when confronted with the 40 % mortality of 
severe COVID-19. 

Analysis of the impact of these measures reveals potential 
to reduce the case fatality rate in these large high-risk groups 
signifi cantly. Reduction of CFR seems to be vital to mitigate the 
medical, psychological, social and economic impact of the CO-
VID-19 pandemics.

Given the rapid spread of the pandemics, high mortality and 
resulting paralysis of societal functioning, we believe the proposed 
measures have a favourable risk/benefi t ratio and should be con-
sidered in scientifi cally controlled setting. 
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