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Abstract

Background: The outbreak of coronavirus disease 2019 (COVID-19) was first reported in December 2019. Until now, many
drugs and methods have been used in the treatment of the disease. However, no effective treatment option has been found and
only case-based successes have been achieved so far.

Objective: This study aims to evaluate the COVID-19 treatment options using multi-criteria decision-making (MCDM)
techniques.

Methods: In this study, we evaluated the available COVID-19 treatment options by MCDM techniques, namely fuzzy
PROMETHEE and VIKOR. This technique is based on the evaluation and comparison of complex and multiple criteria to
evaluate the most appropriate alternative. We evaluated current treatment options including favipiravir (FPV),
lopinavir/ritonavir, hydroxychloroquine, interleukin-1 blocker, intravenous immunoglobulin (IVIG), and plasma exchange. The
criteria used for the analysis include side effects, method of administration of the drug, cost, turnover of plasma, level of fever,
age, pregnancy, and kidney function.

Results: The results showed that plasma exchange was the most preferred alternative, followed by FPV and IVIG, while
hydroxychloroquine was the least favorable one. New alternatives could be considered once they are available, and weights
could be assigned based on the opinions of the decision makers (physicians/clinicians).

Conclusions: We showed the applicability of the MCDM techniques in informing decision makers in choosing the right
treatment technique for the management of COVID-19.
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Abstract

OBJECTIVES

The outbreak of coronavirus disease 2019 (COVID-19) was first reported in December 2019. Until

now, many drugs and methods have been used in the treatment of the disease. However, no effective

treatment option has been found and only case-based successes have been achieved so far. This study

aims to evaluate the COVID-19 treatment options using multi-criteria decision-making (MCDM)

techniques.

METHODS

In this study, we evaluated the available COVID-19 treatment options by MCDM techniques, namely

fuzzy PROMETHEE and VIKOR. This technique is based on the evaluation and comparison of

complex and multiple  criteria  to  evaluate  the most  appropriate  alternative.  We evaluated current
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treatment options including favipiravir (FPV), lopinavir/ritonavir, hydroxychloroquine, interleukin-1

blocker,  intravenous  immunoglobulin  (IVIG),  and  plasma  exchange.  The  criteria  used  for  the

analysis include side effects, method of administration of the drug, cost, turnover of plasma, level of

fever, age, pregnancy, and kidney function.

RESULTS

The results showed that plasma exchange was the most preferred alternative, followed by FPV and

IVIG, while hydroxychloroquine was the least favorable one. New alternatives could be considered

once they are available, and weights could be assigned based on the opinions of the decision makers

(physicians/clinicians). 

CONCLUSIONS

We showed the applicability of the MCDM techniques in informing decision makers in choosing the

right treatment technique for the management of COVID-19.

Keywords:   COVID-19; coronavirus; pneumonia; treatment; fuzzy logic; multi-criteria; decision-

making; PROMETHEE; VIKOR.

INTRODUCTION

Since  December  2019,  when  coronavirus  disease  (COVID-19)  incidents  were  first  reported  in

Wuhan, China, an increasing number of cases have been reported in all countries on all continents

except Antarctica. It exceeded the rate of the number of COVID-19 patients, thus prompting the

World Health Organization to declare COVID-19 as an epidemic [1]. The virus that causes COVID-

19 is called the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). As of Jun 18, 2020,

there were around 8,200,000 confirmed cases and 450,000 confirmed deaths all over the world [1].

The virus is released from respiratory secretions when an infected person speaks, sneezes or coughs.
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When other people come into direct contact with these droplets, they become infected. If those who

touch the surface of the virus then touch the mouth, nose, and eyes, the infection can be transmitted

to other people [2-4]. The exact incubation time is unknown. It is assumed that it is between 2 and 14

days after exposure and most cases occur within 5 days after exposure [5,6]. Often most infections

are self-limited. It may cause more serious illness in the elderly population and those with underlying

medical disease [7]. According to current statistics, the most common clinical features at the onset of

illness are: Fever in 88%, fatigue in 38%, dry cough in 67%, myalgias in 14.9%, and dyspnea in

18.7% [8]. Pneumonia is the most common complication. Severe cases have a mortality rate of 2.3 to

5% [7]. 

To date, there are no proven specific treatments for patients with the new virus other than supportive

care.  In China,  Italy,  France,  Spain,  Turkey and now the USA, a large number of patients have

received off-label and compassionate use therapies [1].  Therefore,  various different options have

been used to fight the virus so far. Three general methods are used, including current broad-spectrum

drugs,  immunoenhancement  therapy,  and  viral  specific  plasma  globulin.  Many  drugs  such  as

chloroquine, hydroxychloroquine, azithromycin, interferon (IFN), favipiravir (FPV), remdesivir and

lopinavir / ritonavir have been used in patients with SARS or Middle East respiratory syndrome

(MERS), but the effectiveness of some drugs remains controversial [9-14]. Synthetic recombinant

interferon  α,  intravenous  immunoglobulin  (IVIG)  (an  immunomodulator),  tocilizumab,  and

interleukin-1  blocker  are  used  in  immunoenhancement  therapy  [13,14,16].  Convalescent  plasma

therapy was thought to be an effective way to alleviate the course of the disease for seriously infected

patients,  and successful results  were obtained in patients on whom this treatment was attempted

[17,18]. 

These  treatment  methods  have  largely  been  administered  in  an  uncontrolled  manner,  with  the
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exception of a few randomized trials launched in China and recently in the USA [19]. Hence, it is not

possible to make the interpretation that if the patient dies, they die from the disease, but if the patient

survives, this is because of the drug given. All methods have some advantages and disadvantages.

For  example,  chloroquine/hydroxychloroquine,  azithromycin  and  lopinavir-ritonavir  have  several

negative  effects,  including  QT  prolongation,  hepatitis,  acute  pancreatitis,  neutropenia  and

anaphylaxis [20,21]. Agents that have been used less frequently in the past (e.g. remdesivir) can

cause serious negative effects that have not been detected previously due to the limited number of

exposed patients [22,23]. Interleukin blockers may cause immunosuppression, increasing the risk of

sepsis, bacterial pneumonia, and hepatotoxicity [24,25]. 

More  than  1,600,000  people  have  been  diagnosed  with  COVID-19  so  far  and  uncontrolled

medications  have  been  initiated  in  many  patients.  The  rapid  and  simultaneous  combination  of

supportive care and randomized control studies is the only way to find effective and safe treatments

for COVID-19 and other future outbreaks. In one open-label non-randomized control study, FPV had

significantly better outcomes for disease progression and viral clearance; these results should provide

important advance in creating standard treatment guidelines for combating SARS-CoV-2 infection

[26].

Thus far, we have used an MCDM technique called fuzzy PROMETHEE to compare the confusion

regarding the choice of effective treatment practices using the following guidelines, to make a mutual

comparison between selected treatment methods and to determine the strongest one [27-31]. The

PROMETHEE technique was developed by Brans and Vincle in 1985 [32]. Since then, it has been

used successfully as an MCDM technique in many fields [33], and recently, it has been applied to

medicine,  healthcare  [34-43]  etc.  VIKOR  is  another  commonly-used  MCDM  technique  that

determines the order of alternatives under conflicting criteria based on the closeness to the ideal
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solution  [44].  It  provides  the  maximum  group  utility  and  the  minimum  individual  regret  for

determining  the  compromise  solution  of  the  decision-making  problem.  Fuzzy  logic  was  first

presented in 1965 by Zadeh in order to define vague conditions or linguistic data mathematically

[45].  Fuzzy-based MCDM techniques have been used successfully in many fields for the ranking of

alternatives in fuzzy environments since the early 2000s, especially where there is linguistic data

available. [33]. In this study, fuzzy based PROMETHEE and VIKOR techniques were applied for the

evaluation of the COVID-19 treatment options using the necessary parameters of the alternatives.

METHODS

SARS-CoV-2  is  an  enveloped,  positive,  single-strand  RNA beta-coronavirus  and  is  structurally

similar to SARS-CoV-1 and MERS [46]. There are two overlapping hypotheses in the pathogenesis

of the disease: triggered by the virus itself and the host response. There is a significant confusion

regarding the therapeutic approaches used in COVID-19. Currently, it is imperative to distinguish

between the phase of viral pathogenicity and the phase in which the host inflammatory response is

predominant in terms of the timing of the agent to be used in the treatment. In this case, different

methods have been used to treat COVID-19 at different stages of the disease. However, scientists and

real-life data have demonstrated that it is more beneficial to start many treatments early [12].

We have chosen the methods that have been most frequently used since the beginning of the COVID-

19  pandemic.  Chloroquine,  an  anti-malaria  drug,  is  the  first  agent  used  against  the  COVID-19

disease. It has both immune-modulating activity and can inhibit this virus with an in vitro effect [10].

It has been proven in a clinically controlled study that chloroquine, an antimalarial drug, is effective

in the treatment of patients with COVID-19 [47].  Since the side effects of hydroxychloroquine are

lower  than  chloroquine,  the  use  of  hydroxychloroquine  has  been  preferred  in  the  treatment  of

COVID-19  [48].  In  COVID-19  patients,  hydroxychloroquine  allows  the  viral  nasopharyngeal
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carriage of SARS-CoV-2 to be cleared in just three to six days [49].  Its effect is reinforced by

azithromycin, an antibacterial agent [49]. Azithromycin is used to treat or prevent certain bacterial

infections,  predominantly  those  causing  middle  ear  infections,  throat,  pneumonia,  typhoid,

bronchitis,  and sinusitis  [50].  Azithromycin  and hydroxychloroquine  have  the  side  effect  of  QT

prolongation (that can cause sudden death). 

Remdesivir, a terminate of viral RNA transcription, has in vitro activity against SARS-CoV-2 [51]. It

was originally used for the treatment of the Ebola virus disease and Marburg virus infections. One of

the side effects of remdesivir is hepatotoxicity. 

FPV selectively inhibits RNA-bound RNA polymerase of RNA viruses and has been approved for

new influenza therapy since 2014 [52]. It is also hepatotoxic.

Lopinavir/ritonavir are antiretroviral protease inhibitors that have been used in combination for the

treatment  of  human  immunodeficiency  virus  infection  since  2000  [53].  This  has  reduced  the

replication of in the MERS coronavirus by 50% in vitro [54]. The most common side effects are

gastrointestinal problems such as nausea, vomiting and diarrhea.

Oseltamivir is a neuraminidase enzyme inhibitor used for influenza and many patients who present

with symptoms of COVID 19 might in fact have influenza. Many patients presenting with COVID-

19 similar findings may also have influenza. Therefore, it is better to give this medicine to prevent

the patient from getting worse [54]. 

Interferon is a broad-spectrum antiviral agent that acts by interacting with toll-like receptors and

inhibits viral replication [55] and anti-SARS-CoV-1 activity in vitro [56].
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Tocilizumab  is  a  recombinant  humanized  monoclonal  antibody  which  acts  as  an  IL-6  receptor

antagonist, and is used for the treatment of rheumatoid arthritis. Interleukin-6 was reported to be

released considerably in SARS and MERS patients and might play a role in the pathogenesis of these

diseases [57].  In COVID-19 patients, higher plasma levels of cytokines have also been found [57]. 

IVIG might be the safest immunomodulator for long-term use in patients of all ages and could help

to  inhibit  the  production  of  proinflammatory  cytokines  and  increase  the  production  of  anti-

inflammatory mediators [58]. 

While  evaluating  these  methods,  we  used  different  parameters  that  were  selected  based  on  the

doctors, the treatment methods, and the host.  Regime cost, side effects, number of tablets, dose

frequency, treatment duration, plasma stability, plasma turnover, time of suppression, practicability,

intravenous form, oral form, and drug-drug interaction were chosen as the treatment methods-related

parameters.  Age,  pregnancy,  glomerular  filtration  rate  (GFR),  compliance,  fever,  pneumonia,

intensive  care,  organ  failure,  macrophage  activation  syndrome,  hemophagocytic  syndrome  were

chosen as  the  host-related  parameters.   These  are  symptoms and phases  of  diseases  in  COVID

patients.  False  prescription  and  inefficient  drug  combination  were  chosen  as  the  doctor-related

parameters.  All these factors are important when selecting the treatment methods for COVID-19

patients. 

Fuzzy PROMETHEE

In real world problems, one of the major challenges involves the collection of crisp data to analyze

systems. In 1965, Zadeh laid the foundations for the idea of establishing a rule functioning and then

transferring  it  to  a  machine  by  making  use  of  human  life  experiences  and  various  kinds  of
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knowledge. Fuzzy logic can be defined as a decision mechanism design in its simplest form.  It

allows decision makers to identify vague conditions and analyze the systems using linguistic data if

it is needed [45].

MCDM is a research area that involves the analysis of various available choices in a situation or

research area, which spans daily life, social sciences, engineering, medicine, and many other areas.

MCDM is a popular decision-making tool utilized in various fields [45].

MCDM analyses the alternatives (qualitatively or quantitatively) involved in a parameter that makes

the  alternatives  a  favorable  or  unfavorable  choice  for  a  particular  application  and  attempts  to

compare this  parameter  based on the selected criteria  against  every other  available  option in  an

attempt to support the decision maker when selecting an option with maximum advantages without

negotiation [45].

PROMETHEE is  a  MCDM tool  that  allows  a  user  to  analyze  and  rank  accessible  alternatives

according to  the criteria  of  each  alternative.  It  compares  the  available  alternatives  based on the

selected criteria [32] The PROMETHEE technique is a valuable and sensitive MCDM technique for

reasons that include:

 PROMETHEE can be used to handle qualitative and quantitative criteria simultaneously.

 PROMETHEE deals with fuzzy relations, vagueness and uncertainties.

 PROMETHEE is  easy  to  handle  and  provides  the  user  with  maximum control  over  the

preference of the alternatives with regard to the criteria.

When using PROMETHEE, only two types of information are required from the decision maker:

information regarding the importance weights of the selected criteria and the preference function to
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be used in comparing the alternatives’ contribution with regard to each criterion.

Different  preference functions (Pj)  are available  on PROMETHEE for the definition of different

criteria. The preference function defines assigning values to the ranking of two alternatives (a & a t)

in relation to a specific criterion and a preference degree of the limit between 0 and 1 [32]. The

preference functions for practical purposes that can be used at the discretion of the decision maker

include:  usual  function,  V-shape  function,  level  function,  u-shape  function,  linear  function  and

Gaussian function [32]. A complete explanation of the preference functions used, their ranking and

how to make a decision on which function best suits a scenario was presented by Brans et al. [32].

In the PROMETHEE analysis,  after  collecting the parameters of  the alternatives,  the preference

function pj (d) for each criterion j should be defined and the importance weight of each criterion

wt=(w1, w2, …, wk) should be determined. Normalization of the weights or equality of weights can be

chosen by the decision maker based on the application. Then, for every alternative pairs (at, at’  A),

the outranking relation π (at , a
t' )  should be determined as seen in eq. (1).

π (at , a t' )=∑
k=1

K

wk . [ pk ( f k ( at )−f k (at ')) ] , AXA→ [ 0,1 ]                          (1)

And the positive outranking flow of  at   ¿  and the negative outranking flow of  at  ¿¿  should be

calculated as seen in eq. (2);

Φ

+¿ (at )=
1

n−1
∑
t ' =1

t ' ≠t

n

π ( at ,at ' )¿

   
Φ

−¿ ( at )=
1

n−1
∑
t '=1

t ' ≠ t

n

π (at ' ,at )¿                                         (2)

where n denotes the number of options, and each option is compared to n-1 number of alternatives.

The positive outranking flow is an illustration of how a particular alternative is greater than the other

options.  The  higher  the  positive  outranking  flow  of  a  particular  alternative  is,  the  greater  the
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possibilities. The negative outranking flow is an expression of how a particular alternative is less

preferred compared to the other alternatives. The lower the negative outranking value is, the greater

the alternatives [1-9, 16]. PROMETHEE gives a partial pre-order of the alternatives as seen in eq. (3).

 at  is preferred to alternative at '  ( at P a t' ¿  if 

¿

at  is indifferent to alternative at '  ( at I at' ¿  if: 

Φ
+¿ (at )=Φ

+¿ (at
')∧¿¿

¿  Φ
−¿ ( at )¿Φ

−¿(a
t'
)¿

¿ .

at  is incomparable to at '  ¿¿  ) if;

        ¿                         (3)

Using PROMETHEE II, the net flow of an alternative at  ( Φnet
( at )¿  can be calculated with eq. (4).

Φnet
( at )=Φ

+¿ ( at)−Φ−¿ ( at) ¿¿ (4)

And the net ranking results of the alternatives can be found by eq. (5). 

 ( at P a t' ¿  if Φnet
( at )>Φnet

( at ')

 ( at I at' ¿  if Φnet
( at )=Φnet

(a t' )                                      (5)

The better alternative is the one with the higher Φnet
( at )  value (32).

In this study, we proposed the use of the fuzzy-based PROMETHEE technique for the evaluation of

the  available  treatment  options  for  COVID-19.  The  selected  treatment  options  are:  Favipiravir

(FPV),  Remdesivir,  ‘Lopinavir/ritonavir’,  ‘hydroxychloroquine’,  ‘oseltamivir  +

hydroxychloroquine’,  ‘hydroxychloroquine  +  azithromycin’,  interleukin-1  blocker,  tocilizumab,

‘interferon’, intravenous immunoglobulin (IVIG), and plasma exchange.  The selected parameters of

the alternatives and the importance weight with fuzzy scale can be seen in Table 1. The data and the

weights of the criteria have been collected by the experts.
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Table  1.  Criteria  of  the  COVID-19  treatment  options  and  their  importance  weights  with  fuzzy

linguistic scale

Linguistic scale for evaluation Triangular  fuzzy

scale 

Importance  ratings  of

criterions 
Very high (VH) (0.75, 1, 1) Side effects

Regime cost

Number of tablets

Dose frequency

Treatment duration

Plasma stability

Plasma turnover

Time of suppression

Practicability

Drug-drug interaction

Compliance

Fever

Pneumonia

Intensive care

Organ failure

Macrophage  activation

syndrome

Hemophagocytic syndrome
Important (H) (0.50, 0.75, 1) Age

Pregnancy

GFR
Medium (M) Intravenous form 

Oral form
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False prescription
Low (L) Inefficient drug combination
Very low (VL)

The Yager index was used for the de-fuzzification of the fuzzy scale. Lastly, PROMETHEE-Gaia

decision lab program with Gaussian preference functions has been used for the evaluation. 

Fuzzy VIKOR

In  order  to  compare  the  ranking  results  of  the  PROMETHEE  technique,  fuzzy  based

VlseKriterijuska Optimizacija I Komoromisno Resenje (VIKOR), another MCDM technique, was

applied  using the  same data  and the  importance  weights.  VIKOR is  a  frequently  used MCDM

technique  created  by  Trajkovic,  Amakumovic  and  Opricovic  in  the  early  1990s  to  give  a

compromise solution to the MCDM problem with conflicting criteria [59,60].  VIKOR ranks the

alternatives by assuming that the decision maker wants a solution that is closest to the ideal solution.

The positive ideal solution set of the COVID-19 treatment options is:

( f j
¿
) = (0.25, 1, 1, 0.25, 0, 0.25, 0.25, 0.75, 0.75, 0.75, 1, 0.25, 0, 0, 0.75, 0.75, 0.75, 0.75, 0.75, 0.75,

0.75, 0.75, 1, 1)

The negative ideal solution set of the COVID-19 treatment options is;

( f j
−¿¿

) = (0.75, 0, 0, 0.75, 1, 0.75, 0.75, 0.5, 0.25, 0.25, 0, 0.75, 1, 1, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25,

0.25, 0.25, 0, 0)

The  compromise  solution  obtained  would  be  accepted  by  the  majority  since  it  provides  the

maximum group utility for the majority (represented with min S) and minimum individual regret for

the opposers (represented with min R). Thus, the method also allows the decision maker group to

have an impact on the outcome. The Q value, called S VIKOR index, gives the closeness to the ideal
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solution; therefore, the alternative with the lower Q value is the better alternative.

RESULTS

Table 2 shows the complete ranking results of the COVID-19 treatment options with the positive,

negative and net flow ranking of the alternatives. According to the table, Plasma exchange and FVP

outrank the other treatment options with net flows of 0.0268 and 0.0265, respectively, followed by

IVIG. The least ranked COVID-treatment option is hydroxychloroquine with a net flow of -0.0502.

Table 2. Complete ranking of COVID-19 treatment options with PROMETHEE

Complete

Ranking

Options (a t ) Net Flow

Φnet
( at )

Positive

Flow

Φ
+¿ (at )¿

Negative

Flow

Φ
−¿ ( at )¿

1 Plasma exchange 0.0268 0.0364 0.0095
2 Favipravir 0.0265 0.0361 0.0096
3 Intravenous immunoglobulin (IVIG) 0.0199 0.0318 0.0120
4 Interleukin-1 blocker 0.0189 0.0335 0.0135
5 Tocilizumab 0.0184 0.0342 0.0158
6 Remdesivir 0.0177 0.0340 0.0162
7 Interferon 0.0139 0.0283 0.0144
8 Oseltamivir  +  Hydroxychloroquine

+ Azithromycin

-0.0188 0.0165 0.0352

9 Lopinavir/ritonavir -0.0348    0.0239 0.0588
10 Oseltamivir + Hydroxychloroquine -0.0384 0.0103 0.0487

11 Hydroxychloroquine -0.0502 0.0108 0.0609

Figure 1 below shows the strong and the weak points of the COVID-19 treatment options.
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Figure 1 Positive and negative sides of each alternative.

Table 3. Complete ranking of COVID-19 treatment options with VIKOR.

Complete

Ranking

Alternatives Qj Sj Rj

1 Plasma exchange 0 5.1 0.92
2 Favipravir 0.013387978 5.345 0.92
3 Intravenous immunoglobulin 0.050273224 6.02 0.92
4 Interleukin-1 blocker 0.093442623 6.81 0.92
5 Remdesivir 0.113934426 7.185 0.92
6 Interferon 0.116393443 7.23 0.92
7 Tocilizumab 0.125136612 7.39 0.92
8 Oseltamivir  +

Hydroxychloroquine  +

Azithromycin

0.310382514 10.78 0.92

9 Lopinavir/ritonavir 0.337978142 11.285 0.92
10 Oseltamivir  +

Hydroxychloroquine

0.449726776 13.33 0.92

11 Hydroxychloroquine 0.5 14.25 0.92

These results of the VIKOR technique validate the ranking results of the PROMETHEE technique.
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Using the VIKOR method, we obtained almost the same net ranking for the selected COVID-19

treatment alternatives as seen in Table 3.

DISCUSSION 

In  our  study,  we  compared  the  treatment  applications  used  in  COVID-19  treatment  between

December 2019 and March 2020 with MCDM methods. Clinical studies of the treatment methods

used are still ongoing. In our study, the plasma exchange method was found to be the best method

among the treatment options, similar to clinical applications. It has been suggested that plasma from

cured patients should be used for treatment [61]. Indeed, healing patients often have a high level of

antibodies to the pathogen present in their blood. Antibodies are an immunoglobulin produced by B

lymphocytes  to  fight  pathogens  and  other  foreign  bodies,  to  recognize  and  neutralize  unique

molecules in pathogens. [62].  Based on this, patients who recovered from COVID-19 recovered and

were injected plasma into serious patients after collection and processing, and within 24 hours, there

was a decrease in inflammation and viral loads as well as an improvement in oxygen saturation in the

blood [63]. 

FVP was found to be the second best method of treatment for COVID-19 patients. The patients who

were  treated  with  FVP showed  faster  viral  clearance,  shorter  fever  period  and  improvement  in

radiological findings in Wuhan [64]. The third best was found to be IVIG which may also play a role

in the control of the immune system, where there is a high level of inflammation. Improvement in the

poor prognosis stage of the disease is poor, and IVIG can be quickly recognized and applied for this

treatment [58].

When we compared the methods related to the parameters, the others were Interleukin-1 blocker,

remdesivir,  interferon,  tocilizumab,  oseltamivir  +  hydroxychloroquine  +  azithromycin,

lopinavir/ritonavir,  oseltamivir  +  hydroxychloroquine,  hydroxychloroquine.  These  parameters  are
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very important, not only for patients, but also for treatment practitioners.

The spread of COVID-19 is continuing at a rapid pace. It is very important to discover effective

treatment or prophylactic agents among measures such as staying at home, hand hygiene, wearing

mask, so on to stop the pandemic.  Health professionals and the global scientific community are

waiting for new evidence to emerge soon to manage COVID-19. Until this evidence emerges, it is

necessary to continue using the treatment methods that have shown effectiveness.  The treatment

methods that we evaluated with MCDM methods will be beneficial for both healthcare users and to

rapidly end the global pandemic.

CONCLUSION

In  this  study,  we  analyzed  different  treatment  options  for  COVID-19  treatment  using  fuzzy

PROMETHEE  and  VIKOR  methods.  Overall,  there  is  no  specific  antiviral  drug  available  for

COVID-19.  All  drug options come from the experience of treating SARS, MERS or  other  new

influenza viruses. Active symptomatic support is the key to treatment. These above medicines will

help, and their efficacy needs further confirmation. New alternatives and criteria could be considered

once they are available in the future, and weights could be assigned based on the opinions of the

decision makers (physicians/clinicians). We showed the applicability of the MCDM techniques in

informing decision makers in terms of choosing the right treatment technique for the management of

COVID-19.
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