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Hydroxychloroquine for therapeutic management of COVID-19:
Breakthrough or a flash in the pan?

Covid-19 has affected almost every country in the world and every life in one way
or another. Covid-19 is a disease discovered in Wuhan, China, in December 2019
(Cascella et al. 2020) and is part of the coronavirus (CoV) family. SARS-CoV-2, short for
severe acute respiratory virus syndrome coronavirus 2, is a single-stranded RNA virus
that causes Covid-19. The viruses “probably originated from bats and then moved into
other mammalian hosts...before jumping to humans” (Cascella et al. 2020). At the
beginning of 2020, the cases were classified as “pneumonia of unknown etiology...and
is now attributed to a novel virus of the coronavirus family” (Cascella et al., 2020).
Within a few months, the “World Health Organization (WHO) raised the threat to the
CoV epidemic to a very high level that represented a serious public health risk”
(Cascella et al. 2020). On March 11th, “the number of COVID-19 cases outside China
has increased 13 times and the number of countries involved tripled with more than
118,000 cases in 114 countries and over 4,000 deaths, WHO declared the COVID-19 a
pandemic” (Cascella et al. 2020). The dynamics of the virus was and can currently be
considered unknown, thus began the research to find a solution.

The new virus, SARS-CoV-2, of Covid-19, has many symptoms that are still yet
to be understood. The early statistics showed that “... in 70% of patients, the disease is
asymptomatic or with very mild symptoms, while the remaining 30% there is a
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respiratory syndrome with high fever, cough until severe respiratory failure is reached
who may require ICU admissions” (Cascella et al. 2020). One of the struggles of
understanding transmission of the virus is the possibility of being infected and
asymptomatic. Patients infected with COVID-19 can also develop gastrointestinal
symptoms, for example, diarrhea, so it is not limited to respiratory symptoms. The
symptoms ranged... “from 6 to 41 days with a median of 14 days” and are “dependent
on the patient age, and immune system status” (Hussin et al. 2020). The most common
symptoms of Covid-19 are similar to the common flu, which include fever, cough, and
fatigue. The symptoms can vary from mild to severe, “severe type symptoms include
dyspnea, respiratory frequency greater than 30/min, blood oxygen saturation less than
93% while critical type includes respiratory failure, septic shock, and/or multiple organ
dysfunction or failure” (He et al., 2020). There is a wide variety of features to the virus
that causes Covid-19, including understanding the transmission mechanism.

One of the mechanisms understood used by the virus to enter the body is the
ACE2 receptor. ACE2, angiotensin-converting enzyme 2, is part of the
“counter-regulatory renin-angiotensin-aldosterone system and is also expressed in the
lower respiratory tract along the alveolar epithelium” (Farhan et al., 2020). The ACE2
receptor “..can also be expressed in the heart, kidney, testis, and on macrophages''
(Zaid et al., 2020). SARS-CoV-2 spike protein primarily localizes to ACE2 receptors on
bronchial epithelial cells and alveolar pneumocytes' ' (Farhan et al., 2020). Once the
virus binds to the ACE2 receptors, SARS-CoV-2 gains entry to the cell by a process
known as endocytosis, “resulting in downregulation of ACE2 protein expression in the
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lungs” (Farhan et al., 2020). The virus attached to the ACE2 receptor will then be
brought into the endosome (endocytosis) and bind to the lysosome. The S (spike)
protein of SARS-CoV-2 is “cleaved by host proteases into 2 subunits, S1 which binds to
the host cell surface ACE2 and the S2 subunit fuses the virus and host cell membrane”
(JingKang et al., 2020). “The efficiency of SARS strains to bind to ACE2 may be an
indicator of their infectiveness humans'' (Farhan et al., 2020). The ACE2 receptor can
be found throughout the body, but the location where it catalyzes can determine the
function and outcome.

A drug that was studied and used to inhibit the mechanism of SARS-CoV-2
infecting the body is hydroxychloroquine (HCQ). Hydroxychloroquine is commonly
associated and used interchangeably with chloroquine (CQ). Chloroquine is a higher
toxic metabolite version of hydroxychloroquine and is derived from cinchona trees
(Chen et al., 2021). Hydroxychloroquine and chloroquine are a weak amphiphilic base
that can cross the cell membrane and are also “efficiently absorbed in 2-3.5 hours, have
an elimination half-life of 22 to 45 days and can reach serum concentrations of
approximately 1.5 μm through the administration of 6.5 mg/kg day” (Meyerowitz et al.,
2020). Understanding the concentration and measurements can result from a variety of
methods used in different studies. Short-term use of almost any drug, including
hydroxychloroquine, is considered safer with fewer side effects. There are several side
effects of short-term use of hydroxychloroquine related to cardiomyopathy and
retinopathy. The side effects with long-term use of hydroxychloroquine “are
cardiomyopathy and retinal toxicity, while the short term use of hydroxychloroquine has
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a substantially lower risk of cardiomyopathy and retinopathy, the remain concerns relate
to QT prolongation, hypoglycemia as well as side effects such as gastrointestinal
disturbance (Meyerowitz et al., 2020). QT prolongation is a common concern when
using hydroxychloroquine, and it is a heart rhythm measure of delayed ventricular
repolarization that can trigger tachycardia. Hydroxychloroquine and chloroquine have
been used for many years to treat malaria, and numerous other diseases, including
auto-immune diseases like lupus and rheumatoid arthritis. Chloroquine and
hydroxychloroquine are primarily used to treat malaria, a disease caused by a
plasmodium parasite transmitted by the bite of an infected mosquito. In malaria,
“chloroquine and hydroxychloroquine act as chemotherapeutic agents against the
plasmodium parasites by increasing the pH... in the lysosomes of the
antigen-presenting cells” (Stokkermans et al., 2021). This mechanism was thought to be
the same when it was proposed for its activity against Covid-19.

Hydroxychloroquine and chloroquine are agents known to raise intracellular pH,
affect endosomal activity, “and have wide-ranging secondary effects, including potent
immune modulation via specific mechanisms” (Meyerowitz et al., 2020). Some studies
suggest mechanisms by chloroquine and hydroxychloroquine can affect the entry step
of viruses by inhibiting entry into host cells. Specifically, “chloroquine and
hydroxychloroquine were shown to potently inhibit entry of SARS-CoV-2 by interfering
with the glycosylation of its cellular receptor angiotensin-converting enzyme 2 receptor
(ACE2)” (Hashem et al., 2020). The virus requires “slight acidic pH in the endosomes to
enter the cells, and HCQ increases the pH in the endosomes thereby, stops their [virus]
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acidification and maturation and interferes with the entry of the virus in the cell” (Kumar
et al., 2020). SARS-CoV-2 was shown to be “able to enter the target cells via a
pH-dependent mechanism in which the acidic pH of the lysosome triggers fusion of the
viral endosomal membranes resulting in viral particle uncoating and release of viral
nucleic acid into the cytoplasm” (Hashem et al., 2020). Using chloroquine and
hydroxychloroquine to inhibit SARS-CoV-2 endocytosis by increasing the pH of the
endosome and lysosomes, thereby decreasing the function of the endosome and
lysosome, preventing SARS-CoV-2 from binding and infecting the body (Figure 1).
Hence why chloroquine and hydroxychloroquine were used to study as potential
therapeutic options for Covid-19 patients.

Figure 1. Mechanism of COVID-19’s spike (S) protein entering binding to ACE2
(angiotensin-converting enzyme 2) to cross the membrane. S protein binding to ACE2
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begins process endocytosis; binding to endosome and fusing with a lysosome. Once
the virus binds to the lysosome, it is brought into the cell and spread throughout the
body. Chloroquine (CQ) and hydroxychloroquine (HCQ) increase the pH of the
endosome and lysosome, therefore decreasing function and inhibits endocytosis. By
this, the drugs block the virus from entering the cell by alkalizing and permeating cell
membranes.

Chloroquine and hydroxychloroquine were proposed as potential treatments for
Covid-19 in early 2020 when cases were rising and spreading from China. “Studies
have shown that hydroxychloroquine can inhibit replication of SARS-CoV-2 in vitro”
(Cohen, 2020). Originally, hydroxychloroquine has been studied with some
effectiveness against SARS-CoV from 2003, and because SARS-CoV and
SARS-CoV-2 are similar, researchers proposed using chloroquine and
hydroxychloroquine on SARS-CoV-2. The mechanism of SARS-CoV and SARS-CoV-2
binding to the ACE2 receptor are similar, and hydroxychloroquine has been studied to
inhibit the virus ACE2 receptor and viral inhibition pre- and post-entry in vitro studies
(Sinha et al., 2020). Because of this mechanism (Figure 1), research labs worldwide
have studied this amid the Covid-19 pandemic.

Reports from China and France studies have shown that hydroxychloroquine,
sometimes combined with other drugs, helped Covid-19 patients. “The studies got the
world’s attention early in the pandemic of 2020, and on March 28th, the FDA approved
chloroquine and hydroxychloroquine emergency use authorization (EUA)” (FDA, 2020).
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“Chinese experts recommended that patients diagnosed with mild, moderate, and
severe cases of Covid-19 pneumonia and without contraindication to chloroquine be
treated with 500 mg chloroquine twice a day for ten days” (Gatutret, 2020), along with
other global research labs experimenting with similar methods. “In France, a team of
researchers led by Didier Raoult reported hydroxychloroquine reducing the viral load in
Covid-19 patients that received the drug” (Colson, P. et al. 2020). The studies in France
and China caught the United State’s attention and the rest of the world. However, on
“June 15th, 2020, the EUA for the drugs was revoked by the FDA because of the
inconsistent results, including serious cardiac adverse events with the medication, and
declared that chloroquine and hydroxychloroquine are unlikely to be effective in treating
Covid-19” (FDA, 2020).

Regardless of the EUA initiation and revocation, studies using chloroquine and
hydroxychloroquine have continued. More studies have been conducted from the
successful results found in China and France and showed similar results. Another study
from China, published in August 2020, showed that using hydroxychloroquine was very
potent. Their proposal was that “immunomodulatory effects of hydroxychloroquine may
be useful in controlling the cytokine storm that occurs late in critically ill patients with
SARS-CoV-2” (Yao et al., 2020). The “activity of chloroquine and hydroxychloroquine
was tested using SARS-CoV-2 infected Vero cells and physiologically based
pharmacokinetic (PBPK) models were implemented for both drugs separately by
integrating their vitro data” (Yao et al. 2020). Using the models, “the concentrations of
the drugs in lung fluid were stimulated under 5 different dosing regimens to explore the
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most effective regimen” (Yao et al., 2020). In Figure 2, the method (dosage,
concentration) and results comparing treatment and prophylactic treatment against
SARS-CoV-2 Vero cells are shown. Figure 3 explains the dosage regimen of
chloroquine and hydroxychloroquine by concentration and length (day) (Yao et al.
2020). The “EC50 (= 0.72μM) value for hydroxychloroquine are always smaller than
the EC50 (=5.47μM) values for chloroquine, indicating that hydroxychloroquine has a
more potent antiviral activity in vitro and suggest that incubation time may influence the
drug’s antiviral activity” (Figure 2) (Yao et al., 2020). Based on the PBPK models results,
“a loading dose of 400 mg twice daily of hydroxychloroquine given orally, followed by a
maintenance dose of 200 mg given twice daily for four days is recommended for
SARS-CoV-2 infection as it reached three times the potency of chloroquine when given
500 mg twice daily five days in advance” (Figure 3) (Yao et al. 2020). From the results of
this study, dosing regimens of chloroquine and hydroxychloroquine are worth noting in
patients with Covid-19 patients. This study is an example of drug efficacy to some
extent with Covid-19 patients with positive outcomes.
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Figure 2. Antiviral activities of chloroquine and hydroxychloroquine for treatment
or prophylactic against SARS-CoV-2 in vitro. The antiviral activities of chloroquine and
hydroxychloroquine were tested on Vero cells infected with a SARS-CoV-2 strain.
Groups A and B had chloroquine and hydroxychloroquine added to the culture medium
after the infection of Vero cells, and cells were incubated for 24 or 48 hours.
Prophylactic treatment groups C and D Vero cells were pretreated with chloroquine and
hydroxychloroquine for 2 hours and then washed by the medium. The virus was added
to infect cells and incubated for 24 or 48 hours. The viral yield was quantified by
RT-PCR (Yao et al. 2020).
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Figure 3. Predicted concentrations of plasma (A), blood (B), and lung (C) under dose
regimen A (CQ) and B to F (HCQ). Overall, regimen F may be the best regimen
considering efficacy, safety, and patient compliance (Yao et al. 2020).

On February 18th, 2020, a clinical trial in China also demonstrated effective
results for chloroquine and hydroxychloroquine in Covid-19 patients. The clinic
classifications were divided into four by (1) mild, (2) normal, (3) severe, and (4) critical
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symptom types in Covid-19 patients. The “clinical symptoms of mild type had no sign of
pneumonia on lung imaging, normal symptom patient types with fever or/and respiratory
symptoms meanwhile the lung imaging with pneumonia” (Chen et al. 2020). The
“severe Covid-19 patients had shortness of breath with partial arterial oxygen pressure
and lesion progression with pulmonary imaging more than 50% within 24 to 48 hours
and more, while the critical patients with Covid-19 symptoms met with the following:
respiratory failure, mechanical ventilation, shock combined with other organ failure
requiring intensive care unit” (Chen et al. 2020). The clinical trial suggested that “lower
doses of chloroquine and hydroxychloroquine are taken early when infection with
Covid-19 showed better results” (Chen et al. 2020). The “outcome of
hydroxychloroquine in clinic shows better than chloroquine especially in protective effect
with low dosage” (Chen et al. 2020). There are various ongoing clinical trials in China
and globally with similar patient groups.

Not every study or trial has supported the mechanism and drug efficacy of
chloroquine and hydroxychloroquine in Covid-19 patients. “In a multicenter, blinded,
placebo-controlled randomized trial conducted at 34 hospitals in the US, patients were
randomly assigned to hydroxychloroquine (400 mg twice daily for 2 doses, then 200 mg
twice daily for 8 doses) or placebo” (Self et al., 2020). The study used “adults
hospitalized (median age, 57 years, 44.3% female, 37.2% Hispanic/Latinx, 23.4%
Black, 20.1% in the intensive care unit; 46.8% receiving supplemental oxygen without
positive pressure; 11.5% receiving noninvasive ventilation or nasal high-flow oxygen;
and 6.7% receiving invasive mechanical ventilation or extracorporeal membrane
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oxygenation) with respiratory symptoms from Covid-19 given a 14-day clinical score
status, and the study questioned if hydroxychloroquine will improve clinical outcomes of
adults hospitalized with SARS-CoV-2” (Self et al. 2020). “The results did not support the
use of hydroxychloroquine for treatment of Covid-19 among hospitalized adults” (Self et
al., 2020). “Among the adults hospitalized with respiratory illness from Covid-19, there
was no significant improvement in clinical status using treatment with
hydroxychloroquine, compared with placebo” (Self et al., 2020). This study had a strong
method and did not result in hydroxychloroquine showing any effectiveness against
Covid-19. There can also be studies with inadequate methods and show inconclusive
results.

Another study with no results of drug efficacy of hydroxychloroquine in Covid-19
patients registered 7 trials. “Of the seven trials, five trials had favorable outcomes with
Covid-19 patients using chloroquine and hydroxychloroquine” (Chowdhury et al. 2020).
However, “two of the seven trials have shown no change when compared to the control
group and all seven trials carried varying degrees of bias and poor study design”
(Chowdhury et al. 2020). Not every chloroquine/hydroxychloroquine study used the
same method, and the method can make or break the results from the previous
research explained.

Some studies also use drug combinations with chloroquine and
hydroxychloroquine. Another drug studied with chloroquine and hydroxychloroquine is
azithromycin. The French study in early 2020 of the pandemic used azithromycin and
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hydroxychloroquine. Azithromycin is an antibiotic that can treat various types of
infections, including pneumonia and sinus infections (which are common symptoms
seen in Covid-19). The study used a small sample size and evaluated the drug effects
on respiratory viral loads. Patients were hospitalized with Covid-19 and “fulfilled two
primary criteria; age greater than twelve years old and PCR documented of
SARS-CoV-2 in nasopharyngeal sample” (Gaurtret et al. 2020). In Figure 4, results are
compared in patients with PCR-positive samples in the control, hydroxychloroquine and
hydroxychloroquine, and azithromycin combination groups. Despite the limitations in the
study (small sample size, limited long-term outcome follow-up, and six patients dropping
out), the results recommend that Covid-19 patients treated with hydroxychloroquine and
azithromycin can cure their infection and limit transmission of the virus to other people
(Gautret et al., 2020). However, following the result, “using azithromycin in patients with
severe Covid-19 infection, seven men and four women with a mean of 58.7 years and 8
had significant comorbidities (obesity, cancer, HIV)” (Molina, J.M et al., 2020).
Observing the patients with severe Covid-19 symptoms, the study shows chloroquine
and hydroxychloroquine with azithromycin did not show any effect. Further studies are
needed to determine whether azithromycin combined with hydroxychloroquine is
consistently effective against Covid-19 patients from mild to severe symptoms.
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Figure 4. Percentage of patients with PCR-positive nasopharyngeal samples from day
6 post inclusion in Covid-19 patients treated with Covid-19 control patients, Covid-19
treated with hydroxychloroquine only, and in Covid-19 patients treated with
hydroxychloroquine and azithromycin combination. The highest effect against Covid-19
in patients is shown with the combination of hydroxychloroquine and azithromycin.
(Gautret et al. 2020).

Another drug used with hydroxychloroquine is Remdesivir (RDV). Remdesivir is a
“broad-spectrum antiviral agent, originally proposed for the Ebola virus treatment, that
has shown antiviral activity against the [coronavirus family] SARS-CoV-1, MERS-CoV,
and SARS-CoV 2 in a variety of in vivo and in vitro experiments” (Macirowski et al.,
2020). Remdesivir is predicted to be effective against SARS-CoV-2 because of the
inhibition properties the drug has on the virus. Because “remdesivir, in its active form
(GS-441524), is a competitive inhibitor of RNA-dependent RNA polymerase (RdRp),...it
leads to the premature termination of viral RNA transcription” (Macirowski et al., 2020).
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A competitive inhibitor, such as RDV, blocks or can interrupt a chemical pathway, and in
this mechanism, inhibits RdRp in the virus and can disrupt viral replication. The drug
incorporates “results in termination of RNA transcription of three nucleotides from its
incorporation and by escaping proofreading exonuclease activity” (Macirowski et al.,
2020). RdRp is essential for “initiation of RNA replication in the host cell, a key step in
the RNA virus cycle of infection and… functionality requires SARS-CoV-2 accessory
proteins, including nonstructural proteins to increase template binding” (Macirowski et
al., 2020). In Vitro testing against SARS-CoV-2 using RDV “was first confirmed to have
antiviral activity against SARS-CoV-2 with an EC50 value of 0.77μM, [however] ...more
experimental work to get a clearer understanding of RDV’s EC50” (Macirowski et al.,
2020). Hydroxychloroquine in vitro studies have already seen results. However, they are
inconsistent, and with remsdesivir EC50 value inconsistent, further studies are needed.
There are also clinical trials that studied Remdesivir alone and with hydroxychloroquine
in Covid-19 patients.

A study in Hubei, China, worked on a randomized, double-blinded,
place-controlled multicenter clinical trial. The “patients enrolled had oxygen saturation
levels of 94% or less and displayed [Covid-19] symptoms 12 days or fewer before
treatment” (Macirowski et al., 2020). The RDV treatment groups either “received 200 mg
on day 1 and 100 mg on days 1-10 or assigned to placebo control” (Macirowski et al.,
2020). Results of the study using RDV alone showed no significant difference between
RDV and placebo groups. While a study in India that used hydroxychloroquine and
remdesivir in Covid-19 patients had positive findings of the drug efficacy. Safety-wise,
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“hydroxychloroquine is well-known since it has been in use for various other
conditions...but on the other hand, remdesivir has not been in long term use for any
condition, and lacks a clear safety profile” (Dang et al., 2020). Dosages given are similar
to the previous studies, and results showed that “both HCQ and RDV were shown to
inhibit the in-vitro growth of SARS-CoV-2.” (Dang et al., 2020). Because both drugs,
HCQ and RDV, are inconsistent in results, further studies are still needed to understand
the drug efficacy against Covid-19.

An international clinical trial to help find an effective treatment against Covid-19
was launched by the World Health Organization (WHO) and partners. The trial was
named “The Solidarity Trial” and studied four different drugs as treatment and published
interim results in October 2020 (WHO, 2020). The four treatments evaluated were
remdesivir, hydroxychloroquine, lopinavir/ritonavir, and interferon β1a. The “total of
11,330 patients entered in the trial from 405 hospitals in 50 countries in all six WHO
regions.” (WHO et al., 2020). The trial was designed as large and randomized where
patients were unaware of what drug they received and no placebo was used. The
patients varied from age, ventilation, geographic region (Europe/ Canada, Latin
America, Asia, Africa), and various diseases were noted (heart disease, chronic lung
disease, asthma, chronic liver disease, etc.) (WHO et al., 2020). In Figure 5, a
summary of patient types were compared between treatment groups. The interim
results showed that “remdesivir, hydroxychloroquine, lopinavir, and interferon regimens
had little or no effect on hospitalized patients with Covid-19, as indicated by overall
mortality, initiation of ventilation and duration of hospital stay” (WHO et al., 2020).
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Further studies are needed to understand and receive consistent results of treatment
options against Covid-19 patients.

Figure 5. Effects of remdesivir, hydroxychloroquine, lopinavir, and interferon on
in-hospital mortality. Each treatment with the control group is compared, and the rate
ratios of death were standardized for age and ventilation status at entry (WHO et al.,
2020). The number of deaths was the smallest with the use of hydroxychloroquine.

A step in understanding the drug efficacy of hydroxychloroquine in Covid-19
patients is studying the treatment timeline in patients. A randomized clinical trial studied
the effect of hydroxychloroquine at 14 days in hospitalized patients with Covid-19. In the
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34 US hospitals, adults were hospitals with respiratory symptoms. The patients were
randomly assigned to hydroxychloroquine (400 mg twice daily for 2 doses and 200 mg
twice daily for 8 doses) or placebo (Self et al., 2020). “Among the adults hospitalized
with respiratory illness from Covid-19, treatment with hydroxychloroquine, compared
with placebo, did not significantly improve clinical status at day 14” (Self et al., 2020). A
different study predicts that hydroxychloroquine at a higher dose in seven days could
cure Covid-19 (Garcia-Cremades et al., 2020). The study used various models,
comparing azithromycin, hydroxychloroquine, and azithromycin and hydroxychloroquine
inpatients and in vitro studies. As a result, “[the study] predicts that higher doses of
HCQ will be needed to achieve cure within 7 days for all patients” (Garcia-Cremades et
al., 2020). The “data supports the possibility that early treatment with a high dose of
HCQ could reduce transmissibility and potentially reduce the risk of late clinical
decompensation, but given the QTc [heart rate] prolongation with high-dose regimens,
rigorous trials must precede widespread clinical usage” (Garcia-Cremades et al., 2020).
The higher hydroxychloroquine doses predicted “are greater than 400 mg for most
efficacious for viral suppression and should be further examined in clinical trials to
evaluate safety and efficacy” (Garcia-Cremades et al., 2020). It is worth noting that in
the study, “HCQ and azithromycin combined had the lowest baseline viral load and
showed a similar rate of viral decline compared to the HCQ group” (Garcia-Cremades et
al., 2020). However, this still does not show strong evidence that the drugs are effective
in Covid-19.
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There are ongoing trials that continue to study the efficacy of hydroxychloroquine
in Covid-10 patients. The INSERM (French National Institute of Health and Medical
Research) announced the start of the European adaptive clinical trial entitled “Trial of
Treatments for COVID-19 in Hospitalized Adults (DisCOVeRy)” (Eynde, 2020). The trial
“is supposed to enroll 3,100 patients in seven countries (France, Spain, United
Kingdom, Germany, Luxemburg, the Netherlands, and Belgium), and it started in three
French hospitals’ (Eynde, 2020). The trial is currently ongoing, and the drugs to be
evaluated are “remdesivir, a combination of lopinavir/ritonavir and addition of interferon,
hydroxychloroquine or chloroquine and associated with an antibiotic (azithromycin or
other)” (Eynde, 2020). Promising results are expected in the European trial, but “to date,
no treatment can be proposed despite the urgency of the situation” (Eynde, 2020).

While there are no treatments approved or show consistent results, there are
vaccines available for Covid-19. The available vaccines in the US are Moderna and
Pfizer for EUA. The vaccines are administered for those 18 and 16 years old, and 2
doses are required 21 and 28 days apart, respectively. Compared in Figure 6, both
vaccines are “mRNA vaccines to trigger an immune response” (CDC, 2021). Recently,
the “Johnson & Johnson’s Janssen Covid-19 Vaccine was approved for EUA and then
revoked by the CDC and FDA because of concerning side effects” (blood clots) (FDA,
2021). There are other Covid-19 vaccines approved globally; AstraZeneca (UK),
Sputnik (Russia), Covaxin (India), CoronaVac (China), and more being developed and
studied.

20

Figure 6. Comparing the two Covid-19 vaccines, Moderna and Pfizer, and their
respective features. Both vaccines utilize mRNA to teach cells to make a protein that
triggers an immune response (CDC, 2021).

The Covid-19 disease caught the attention of so many lives around the world.
The pandemic of 2020 is ongoing, just as many studies are ongoing to understand the
SARS-CoV-2 virus and sufficient treatment for the Covid-19 disease. Research has
helped us understand the SARS-CoV-2 virus properties, the mechanism of how the
virus operates in our body, and possible treatments, like hydroxychloroquine and
vaccines, that can be used to combat it. The studies are a great example of how
everyone is different, and the immune response in one can vary. Hence, more time and
information are needed to understand if hydroxychloroquine is a flash in the pan or a
breakthrough.
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