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Introduction 

Much of the entire biomedical science community has
devoted itself to developing a vaccine against this virus, and
over 17 are now in various stages of testing, at least three
in advanced stages, with many others in development. A
number of promising medical treatments are currently in
development as well, including antiviral medications and
medicines directed at the cellular point of entry of the virus,
which happens to be the angiotensin converting enzyme-2
(ACE-2) receptor. Other medications that show promise at
present include plasma from recovered patients and mono-
clonal antibodies directed against the virus, which is used
presently as a stopgap for prophylaxis until a vaccine(s)
is/are developed; yet other medications are directed against
the “cytokine storm,” an intense inflammatory reaction
triggered by the virus that is extremely destructive, affecting
many organs, especially the lungs. We explore the likelihood
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that similar cytokine storms are responsible for some adverse
effects seen in other disease settings, such as malaria, sepsis,
and trauma, and are responsible for events appearing, and
currently thought to be unavoidable, in surgery settings, both
dermatologic and nondermatologic. 

Socioeconomic effects 

The socioeconomic effects of the coronavirus disease
2019 (COVID-19) pandemic have been profound and, in
many respects, difficult to interpret and understand 

1 , 2 ; how-
ever, several aspects appear to have become clear: 

1. Young patients with COVID-19, especially very young
patients, usually, but not always, experience only mild
disease, whereas elderly patients, particularly those
with comorbidities, in particular cardiopulmonary dis-
ease including asthma and/or diabetes mellitus, often
experience severe disease and even death. 

2. Among COVID-19 patients the overall death rate is ap-
proximately 0.5% to 1.0% 

3 ; however, two nonmedical
factors may significantly inflate this statistic: 

https://doi.org/10.1016/j.clindermatol.2020.12.020
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A: “Do not resuscitate” (DNR) status is currently
strongly associated with death rate among patients hos-
pitalized for COVID-19 disease 4 ; this may have an ef-
fect on this statistic, because such patients are often not
offered treatment with a respirator even when physi-
cians feel that it is indicated. 4 This increased death rate
in COVID-19 patients with a DNR status, irrespective
of other factors, is reported, for the first time, elsewhere
in this journal ( Clinics in Dermatology 4 ). 
B: In the United States, and likely elsewhere, hospitals
and other health care facilities can receive considerably
increased funding based on the number of patients they
have who have COVID-19 and/or on how many of them
die of it. As a result, there is an economic pressure for
them to maximize their death tolls from COVID-19.
This is particularly an issue in patients who die of other
causes but also have COVID-19 at the time of death (ie,
who die with COVID-19 rather than of COVID-19) or
even who tested positive for COVID-19 in the recent or
not-so-recent past but who have recovered at the time
of death, which is from another cause. 

3. Wearing protective masks when in the company of oth-
ers, especially indoors, significantly decreases one’s
risk of contracting the virus. Earlier information from
the U.S. Centers for Disease Control and Prevention
(CDC) was not clear on this and even could be un-
derstood as indicating that wearing masks is useless
or even harmful, increasing the risk of infection. Ap-
parently, this advice was based on a need at that time
to reserve masks for certain high-risk individuals until
they became more readily available, which is now the
case. 

4. Touching one’s face, especially the eyes, should be
rigorously avoided during this pandemic. These touch
points provide portals of entry for the virus, which is
adept at attacking mucous membranes. This may be
challenging, especially if one has not had a haircut
for weeks because commercial venues for this are not
open. 

5. Maintaining a distance of at least 1.5 meters (6 feet)
from others when in the company of other people sig-
nificantly decreases one’s risk of contracting the virus.

6. After development of signs and clinical manifestations
suggestive of COVID-19, or a positive test for COVID-
19 infection (there are a number at present), individuals
should self-quarantine themselves for a period of 14
days. This measure is believed to limit dissemination
of the virus. [While this paper was in press this was
reduced by the CDC to 10 days.] 

7. As a further preventative measure, some states in the
United States currently have laws or edicts requiring
that all individuals entering those states from other lo-
cales where the rates of COVID-19 are deemed to be
high must self-quarantine themselves for 14 days after
entry into those states. 
 

8. Infected individuals can become infectious before de-
velopment of signs or clinical manifestations of the dis-
ease, and before becoming positive in some tests. 

9. The provision of medical care is changing to pro-
tect patients and health care workers (HCWs) alike.
Those most at risk of serious complications from
COVID-19 are often encouraged to use telemedicine. 5

As a result, the practice of medicine is changing
for patients and physicians alike in response to the
pandemic. 

10. In addition to flu-like signs and clinical manifestations,
pyrexia (fever) above 97.5 °F, sometimes above 104 °F,
is a distinctive sign of the disease, but is seen in less
than 10% of affected individuals. Pyrexia may also be
due to other causes, particularly in children. 

11. Measures, such as lockdown of large social gather-
ings, are effective in limiting the spread of the disease,
but this can come at such staggering social, political,
and economic costs that, if overapplied, they can actu-
ally be counterproductive. Such measures should there-
fore be used with discretion. Good public policy in-
volves more than superb physician input. Politicians
and other public officials, including accountants, statis-
ticians, and economists, as well as the news media,
must take part. Should any one of these groups err or
fall short, there may be additional unexpected conse-
quences, perhaps important or even catastrophic. 

12. Avoidance of some social gathering situations, such as
air travel and incarceration, may or may not be neces-
sary. 
A: The air quality of commercial and some private air-
craft is said to usually be better, and more likely to
be free of the COVID-19 virus, than one’s home en-
vironment. This clearly must be either verified or de-
bunked; we are astounded that the airline industry has
not aggressively pursued this issue. One would have
expected, for example, that one or more of them would
have inserted an extra device or filter into the air scrub-
bers on their aircraft and then advertised this aggres-
sively, even if they were unnecessary. We believe that
people primarily avoid air travel for fear of becoming
infected with the COVID-19 virus while on the air-
craft or at the airports. If this is true and the fear is un-
founded, or the situation can be overcome, this needs
to be shared with the public. We suggest that, if flying
is indeed safe, some top airline executives should take
long flights on their airlines to prove that they are safe,
and then advertise this as well. 
B: Incarceration, if done properly (eg, without over-
crowding), is already geared against social contact
among prisoners and should therefore be amenable to
social distancing. If done properly (emphasis, if done
properly) incarceration need not increase the risk of
transmission of the COVID-19 virus. In many places in
the United States, prisoners have simply been set free
to lessen their risk of acquiring the COVID-19 virus,
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with the result that many of them are again committing
crimes, often for the same offenses for which they were
previously convicted. We believe that a better way can
and should be found. 

13. Some large social gathering situations may be modi-
fied, rather than eliminated. 
A: Several, such as some church services, may be car-
ried out in settings resembling drive-in theaters, with
patrons remaining in their cars. Drive-in theaters them-
selves may make a resurgence. 
B: Sports events may be played before limited but dis-
persed audiences, or even before empty stadiums, es-
pecially if they are televised. In sports events that are
associated with a significant risk of transmission of the
virus among the players and/or officials and coaches,
and so on, special rules, such as requiring all partici-
pants to wear face masks or face shields, perhaps spe-
cially designed for the sport in question, could perhaps
be introduced, with special penalties enforced against
teams that fail to comply. Better this than canceling the
sports events altogether. 

14. A complete return to the “normal” state of things be-
fore the pandemic after it has passed is unlikely. It has
changed many things for keeps, and it has hastened
changes in others that had already begun, such as work-
ing at home. 6 

15. Social unrest, stemming from individuals being iso-
lated and unable to attend social gatherings and events
over long periods of time due to fear of contracting
the virus, eventually leads to, or at least contributes to,
bizarre social behavior, sometimes bordering on panic,
on a massive scale. 1 Public monuments are overturned,
courthouses and other public buildings defaced or even
destroyed, and public spaces taken over by mobs who
entrench themselves for months on end. One public
building was even set afire with police trapped inside
(they escaped). Large-scale freeing of prisoners to pro-
tect them from acquiring the virus while incarcerated
as well as widespread antipolice sentiment, much of it
irrational, contribute to the problem. We do not know
how this will turn out. 

Medical care 

Development of vaccine(s) against COVID-19 

It is currently widely believed that development of a safe,
effective vaccine is the only way that the COVID-19 virus,
which is currently wreaking havoc throughout much of the
world, will be defeated. If a vaccine is, indeed, the only so-
lution to our current dilemma, however, then we are likely
to be in for a long haul. Although a vaccine may be the best
long-term solution, the lead time for development and test-
ing of a vaccine is usually much longer than that for a safe,
effective treatment. These authors (WCL and RAS) are more
optimistic, because a number of very promising drugs, such
as remdesivir, are already available or are under study (see
below), some drugs already long in use off-label, such as
chloroquine and hydroxychloroquine, may prove to be effec-
tive, particularly in combination with other agents, 7-10 and
because, as more and more patients contract the disease and
recover, sources for convalescent and postdisease serum and
antibody are certain to become more numerous. 13–18 Devel-
opment of a safe, effective treatment, or of more than one
such treatment, has another distinct advantage: Should an-
other virus emerge, the same or a similar treatment is more
likely to be effective against it than a vaccine, which tends
to be specific for a particular pathogen. As an example, con-
sider the vaccinations against the influenza virus, which must
be modified each year to keep abreast of new viral mu-
tations, sometimes with limited results. Hopefully, and we
think probably, both a vaccine and a treatment will emerge
from our massive worldwide reaction to the COVID-19 pan-
demic. 

Regarding development of a safe, effective vaccine, there
is much cause for optimism as well. Currently, there are over
17 such vaccines in various stages of testing (not just in de-
velopment, in testing, some of them already in stage three of
testing 

19 ). 

Previous American experience with vaccinations against Asian 
respiratory viruses: Maurice Hilleman and the Asian Influenza 
Pandemic of 1957 

During the Asian Influenza Pandemic of 1957, Maurice
Hilleman of the Walter Reed Army Institute of Research was
able to expedite vaccine development. The result was that not
only had a vaccine been developed and tested but also 40 mil-
lion doses had been administered by the time this pandemic
from Asia hit America. The end result was that America was
barely grazed by this viral threat. 20 , 21 

Complications of vaccines 

Vaccines are not perfect. 22 , 23 In addition to the fact that
they simply may fail to provide significant protection against
the targeted virus, additional known complications are as
noted: 

1. The vaccination may actually make subsequent en-
counter with the targeted virus significantly worse for
the vaccinated individual. 23 This problem has been
encountered in vaccination against dengue, causing
the vaccine to be withdrawn and replaced by another
one. Theoretically, a “cytokine storm” (see below)
may even be induced by a vaccine, although this has
not been observed with any vaccine to date. 

2. Systemic complications, such as the Guillain-Barré
syndrome (G-BS), may occur. This is a rare condition
but may be life-threatening. Vaccination against a
previous viral invasion from China, the H1 N1 virus,
also known as known as “swine flu,” turned out to
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be unnecessary, because the virus was contained.
Approximately 500 individuals developed G-BS or a
related serious complication of the vaccination, how-
ever. 23 Approximately 200 patients were permanently
paralyzed from this vaccination. 

3. During the process of scaling up production of the
vaccine, it may come to lose its potency against the
pathogen against which it is directed. This loss of po-
tency may be heterogenous, so that large groups of vac-
cines may receive ineffective vaccinations, while oth-
ers receive effective ones. 

4. The target virus or other pathogen may mutate to a form
that is less susceptible to immunization by the vaccine,
or even to a form that is not protected against by the
vaccine at all. Theoretically, the vaccine may even have
an adverse effect, such as carrying another pathogen or
making the target disorder worse. 

Development of medical treatments for 
COVID-19 patients 

Natural course of COVID-19 disease without treatment 

Before considering the changes in the course of this disease
we hope to achieve with treatment, let us first consider the
course of the disease without it. 

1. The most common port of entry appears to be the lungs,
where the virus is inhaled as an aerosol. The virus may
enter by directly invading other areas, however, partic-
ularly mucous membranes and conjunctivae 

2. The virus enters the host lung parenchymal cells. 
3. After approximately 6 days, the virus undergoes a

burst of replication and dissemination into the victim’s
blood. 

4. A potentially substantial but very variable “cytokine
storm” occurs in response to the massive replication of
the virus. This may cause major damage to numerous
internal organs. 

5. The lungs are the most important target organ of the
cytokine storm and of the virus, but the damage does
not occur all at once; in the beginning, the lungs re-
main compliant, but later they become quite stiff and
noncompliant. 24 , 25 

6. Individuals with certain comorbidities, especially con-
gestive heart failure or lung disease, including asthma,
and the elderly are at increased risk to develop seri-
ous lung problems and to die of the disease, especially
if they also carry the designation DNR (see below) 4 ;
however, younger patients in apparently perfect health
may also become sick and die of the disease. 

7. It is becoming increasingly apparent that a virus-
associated coagulopathy is an important component of
COVID-19 disease, and it is a poor prognostic sign
when it is discovered. 26-34 
8. Skin signs of COVID-19 are important and may
be diagnostic or at least suggestive of the diagno-
sis. 11,12,35–37 Especially noteworthy are lesions due to
thrombosis in the skin, such as “covid toes.”

9. As noted and documented elsewhere in Clinics in Der-
matology, 4 patients with the designation DNR on their
medical chart are at significantly increased risk of death
from COVID-19 disease. The designation is typically
placed at the discretion of the patient and/or their
family to prevent prolonged (ie, even, sometimes, for
months or even longer) and/or extreme (eg, use of a
respirator) measures being used to prolong life, when
there is no reasonable chance of recovery once these
measures are withdrawn or reduced to a tolerable level.
Once applied, the designation DNR is routinely inter-
preted by physicians in a very different way, such that a
respirator is not offered to a DNR patient with COVID-
19 even when the patient’s physicians feel that it is indi-
cated for treatment of their COVID-19, which usually
requires application of a respirator for only a few days
or one or two weeks. 4 The end result is that mortality
is significantly higher in patients with a DNR desig-
nation on their chart who develop COVID-19 disease,
even though they may very well survive if treated with
a respirator, which can be withdrawn later if the patient
is judged to be terminal. As a result, the mortality rate
in these patients is probably unnecessarily much higher
than it needs to be. 4 

10. A special concern for patients with significant lung dis-
ease, including COVID-19 disease, is superinfection in
the lungs with another pathogen, notably the fungus
Candida cruris. 40 

11. The disease does not progress to all of these stages in
every patient. It may stop at any of the above stages and
does so in the vast majority of cases. 

12. After recovery from COVID-19, some patients develop
sequelae of the disease and/or of the treatment for it
and/or the actual experience of being very ill (eg, post-
traumatic stress disorder [PTSD]) or any combination
of these. Significant neuropsychiatric and thromboem-
bolic sequelae, which may arise even while the disease
is ongoing, are a particular concern. 26-34 , 41-44 More
or less similar neuropsychiatric sequelae were noted
following previous viral pandemics with this class of
pathogens. 45 , 46 

In assessing drugs and other treatment modalities, it is
very important to consider not only the extensive patient-to-
patient variability, but also the stage of the disease at which
the treatment/modality is administrated. What is very effec-
tive at one stage or in one patient may be ineffective, or even
counter effective, if administered at another stage or in an-
other patient. This factor may also cause drugs/agents evalu-
ated in blinded studies to be judged as ineffective when they
may, in fact, be beneficial, if used at a different time or stage
of the disease. 
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Treatments 

Development of best ways to manage care of patients with
disease related to the SARS-CoV2 (COVID-19) virus is a
major problem, especially because the virus only emerged
in late 2019. 1 , 47-55 Eventually, one or more vaccines should
become available, which, together with resulting herd im-
munity following widespread immunization, should reduce
the problem, hopefully dramatically, but in the meantime
practices, such as quarantine, social distancing, wearing face
masks, and cancellation of sports events, live theater, opera,
wedding receptions, indoor restaurant dining and other so-
cial events, as well as many forms of travel with their enor-
mous and societal and economic costs, are likely to persist.
Although many among us hardly know that they have been
infected with this pathogen, others suffer severe disease and
statistical studies have shown a significant number, approx-
imately 0.3% to 1.5% overall, die as a result. 3 As noted
above, however, this number may be inflated by overreport-
ing deaths due to COVID-19 and by failing to offer patients
with a DNR status a respirator when this is indicated. 4 

In the absence of an effective vaccine, the optimal treat-
ment plan includes prevention. Accordingly, those most at
risk should be protected from COVID-19. These individuals
include elderly patients and others with serious comorbidi-
ties, as well as health care workers (HCWs). Those over 65
years of age should be strongly encouraged to telecommute, 5 

unless they are immune from COVID-19, presumably after
surviving an infection, assuming that postinfection immunity
can be proven. 5 HCWs over 70 years of age should probably
avoid or limit physical presence at public health care facili-
ties and medical centers. 

Previous much more limited spread of similar viruses, no-
tably those responsible for the severe acute respiratory syn-
drome (SARS) and the closely related virus responsible for
the Middle Eastern respiratory syndrome (MERS), have pro-
vided medical virologists and physicians caring for these pa-
tients opportunities to learn lessons that appear to be useful in
attacking this one. 20 , 21 , 45 , 46 Because the viruses are similar,
much about the structure and biology of this virus has already
been learned, although more remains to be studied. We have
many promising drugs and other agents; what we do not have
are randomized, double-blinded, statistically blinded study
results with large numbers of subjects. Most of the proposed
agents for treating severely ill patients are supported as such
only by very limited data, if any. These agents are grouped
into several categories, as follows. 

Development of agents that bind to the 

angiotensin converting enzyme-2 receptor 

It has been discovered that the virus responsible for
COVID-19 invades human cells by binding to the receptor on
the cell surface for angiotensin converting enzyme-2 (ACE-
2). ACE-2 is part of the renin-angiotensin pathway in which
blood pressure, measured at least in part by the rapidity and
volume of blood flow into the kidneys, stimulates the kidneys
to secrete more or less of renin, a hormone that acts on the
adrenal glands and other tissues to initiate a complex system
that controls blood pressure. It follows that inhibitors of this
pathway that act by binding to the same receptor may be of
value as anti-COVID-19 agents 56 ; however, this is far from
proven to be actually true. 56 At present, this is an interesting
avenue for research, but this proposal is far from developing
into a useful treatment modality for COVID-29 at present. 

Medicines for treatment of COVID-19 

Hydroxychloroquine administered with azithromycin and zinc or 
with doxycycline and zinc 

Chloroquine (CQ) and hydroxychloroquine (HCQ) are anti-
malarial drugs widely used by dermatologists and rheuma-
tologists to treat inflammatory disorders such as collagen-
vascular (“connective tissue”) diseases. Extensive clinical
experience has supported their administration in severely ill
COVID-19 patients, as well, 7-10 based only on very limited
experimental data. Those who use these drugs emphasize that
they should be begun very early in the course of the dis-
ease. Hydroxychloroquine is thought to act by preventing the
virus from entering the cell and again later to prevent it from
replicating within the cell. No one knows the mechanism
by which these drugs provide a beneficial effect, if any, in
these inflammatory disease states. An intriguing idea is that
they modulate the effects of a poorly understood but poten-
tially devastating immunologic phenomenon known as the
cytokine storm (reviewed below) induced by the virus, either
directly or indirectly. This phenomenon is thought, based on
less than perfect evidence, to be a major player in the patho-
genesis of lung and other internal organ disease in COVID-19
patients. Notably, it does not affect all COVID-19 patients. 

Side effects of deoxychloroquine are extremely uncom-
mon, but they do exist. The most important is probably a
serious cardiac arrhythmia, occurring especially in patients
with a prolonged Q–T interval on their electrocardiogram,
which may be fatal. 57-64 Others include blindness, renal fail-
ure, worsening of psoriasis, 61 and an occasional severe cuta-
neous adverse drug reaction, known as generalized pustular
figurate erythema. 11,12 

Similarly, azithromycin is widely used and is generally
regarded as safe. It also has very uncommon but poten-
tially serious side effects, however, including cardiac ar-
rhythmias in the elderly and in those with pre-existing Q–T
interval prolongation, bradycardia, low serum potassium, or
low serum magnesium. 62-65 Azithromycin also is an effective
drug against the closely related pathogenic viruses, influenza
A (H1 N1) 66 and zika. 67 , 68 

Despite widespread use for these conditions, these ap-
plications are almost completely “off-label” in the United
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States. This means that the drug is approved for use by the
U.S. Food and Drug Administration (FDA), but not for this
usage. Licensed health care providers in the United States
are allowed to prescribe such drugs for treatment of dis-
eases other than those approved by the FDA as long as the
drug itself is approved. Currently, the FDA has banned HCQ
for outpatient use, a decision that is extremely controversial.
HCQ is presently still approved by the FDA for inpatient
use. 

Chloroquine, hydroxychloroquine, and ivermectin are
also reviewed as possible treatments for COVID-19 patients
elsewhere in this special issue. 7 

Antiviral agents including monoclonal antibodies 

Drugs known to be effective against the hepatitis C virus
(HCV), such as sofosbuvir, may be a potential option in
the treatment of COVID-19 patients. 69 , 70 This speculation
is based on the similarity between the replication mech-
anisms of the HCV and of the coronaviruses. There is
only limited experimental evidence for this, but it has been
hypothesized that sofosbuvir may be a potential option
for care of patients with COVID-19, especially at the on-
set of the infection and before invasion of the virus into
lung parenchymal cells. It has also been suggested that
sofosbuvir and velpatasvir could be used in combination,
which would be anticipated to have strong potential activity
against SARS-CoV2 (COVID-19) infection. 70 These are
but two potential approaches that use direct-acting antivi-
rals as broad-spectrum antiviral agents against this virus.
There are many steps involved in development of this viral
illness, and most of them are attacked by one or more of
these drugs/agents, including, in addition to the above, rib-
avirin, remdesivir, tocilizumab and lopinavir/ritonavir. 71-73

In addition to these steps, creation of agents that attack
the endocytic pathway and the autophagic process in cells
has been suggested to develop possible agents against
COVID-19. 74 

Remdesivir 

Separate recent clinical studies have shown impressive posi-
tive results using remdesivir, an antiviral antimetabolite, to
treat severe cases of this disease. 73 This drug was intro-
duced years ago to treat other viral illnesses. It is possible
that it, used with other medications, would be even more ef-
fective. Recent studies of remdesivir have been particularly
promising; notably, Australia has recently declared this the
drug of choice for their citizens with severe illness due to
COVID-19. Among the numerous antiviral drugs currently
under study for treatment of COVID-19, remdesivir appears
to be the clear winner at this point in time 73 ; however, this
may change. 
Corticosteroids 

Dexamethasone is a corticosteroid that has impressive re-
ports about its effectiveness for treatment of severely affected
patients with COVID-19. 75 It has the disadvantage that it
is significantly more expensive than other corticosteroids. It
may act by preventing or ameliorating the cytokine storm
(see below); however, use of corticosteroids to treat infec-
tious disease is not without risk, and caution has been ad-
vised. 76 The authors suspect that the stage of the disease at
the time of treatment determines its effectiveness, lack of ef-
fectiveness, or counter-effectiveness. It may be advisable to
use corticosteroids only in combination with other agent(s). 

Nonsteroidal antiinflammatory drugs (NSAIDs) 

Much of what was said above regarding corticosteroids may
also be said about nonsteroidal antiinflammatory agents,
which have also been suggested as potential anti-COVID-19
virus agents. 77 It is likely that their effectiveness, if such is
observed, will be due to countering the cytokine storm. 

Antibodies/serum from recovering COVID-19 patients 

Use of serum or of extracted antibodies from recovering or
convalescent COVID-19 virus disease patients has been used
widely for treatment of especially ill COVID-19 patients. 13-18

As more and more patients are diagnosed and then recover,
the supply of this reagent should increase dramatically, al-
lowing more and more patients access. It should also allow
much more objective evaluation of the value, or lack thereof,
of treatment of these patients. 

Monoclonal antibodies 

Monoclonal antibodies directed against the COVID-19 virus,
generated in animals, are in current use, primarily as prophy-
laxis against infection as a stopgap until a vaccine becomes
available. 78 

Immunotherapeutic agents 

A number of immunotherapeutic agents have been proposed
for treatment of COVID-19 patients. 79-81 This approach may
be especially useful to control a cytokine storm type reaction
or an associated disease such as psoriasis, which is known
to emerge, re-emerge, or become worse in COVID 29 pa-
tients. 82 

Antibiotics 

As every physician knows, antibiotics are generally of little
or no value against viruses. Despite of this, however, some
antibiotics are of use against certain viruses, perhaps because
they have activities other than as an antibacterial agent, per-
haps because they have antibacterial properties that combat
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bacterial superinfections encountered with the virus in ques-
tion. Antibiotics such as azithromycin, tetracycline, 83 and
doxycycline, 83 especially when combined with other med-
ications, such as chloroquine and hydroxychloroquine, are
already in use on an off-label basis by numerous physicians.
(Azithromycin is also discussed separately, above.) Numer-
ous clinical trials with azithromycin, although usually in
combination with HCQ, are listed for the United States alone
on the ClinicalTrials.gov U.S. governmental website. A par-
ticularly innovative one, entitled “Azithromycin for COVID-
19 Treatment in Outpatients Nationwide (ACTION),” is
based at the University of California San Francisco (Clinical-
Trials.gov Identifier: NCT04332107), in collaboration with
the Bill and Melinda Gates Foundation, Pfizer, and Stanford
University. Officially entitled “Azithromycin for Prevention
of Disease Progression in Patients with Mild or Moderate
COVID-19,” it hopes to prevent COVID-19 progression to
hospitalization. Others have suggested formal clinical trials
with the prepackaged preparation of azithromycin, which is
administered at the first sign of a COVID-19 infection over
a 5-day period with 500 mg the first day and 250 mg for the
remaining 4 days, for a total of 1.5 g for adults over 18 years
of age, and for children 5 to 18 years of age, 10 mg/kg on the
first day and 5 mg/kg for the following 4 days. 

Antiparasitic agents 

Antiparasite drugs, such as ivermectin, are also already in
use on an off-label basis by some physicians. Oral iver-
mectin is widely and safely used in mass treatment programs
in Africa for onchocerciasis. 84 This antiparasitic medication
has shown broad-spectrum antiviral activity in vitro . It has
been shown to inhibit SARS-CoV-2 in viral cell culture. 86 

The addition of ivermectin to HCQ may prove synergistic in
chemoprophylaxis and treatment of COVID-19. 85 , 86 Chloro-
quine, hydroxychloroquine, and ivermectin are reviewed as
possible treatments for COVID-19 patients elsewhere in this
special issue. 7 

Zinc 

Zinc (Zn) has the ability to enhance innate and adaptive im-
munity in the course of a viral infection. In addition, Zn used
as an adjuvant can enhance the effect of COVID-19 treat-
ment for a wide range of drugs; for example, the effective-
ness of Zn can be enhanced when administrated together with
chloroquine, which acts as an ionophore, whereas Zn inside
the infected cell can stop SARS-CoV-2 replication. Given
those potential benefits, Zn should be considered as a pos-
sible adjuvant therapy with other prescribed treatments for
COVID-19 patients. 87 , 88 

Vitamins C and D 

Various vitamins have been suggested as possible treatments
for COVID-19 disease, mostly as an agent to be used with
something else. Among these, vitamins C and especially D
appear to be the leading contenders. 89 No definitive studies
have been carried out to date. 

Mesenchymal stem cell therapy 

Mesenchymal stem cells have been introduced to COVID-19
patients as a possible treatment. Reports have been sporadic
and difficult to assess. 90 , 91 

Melatonin 

Melatonin has been recommended as an adjuvant therapy for
COVID-19. 92 Because it can aid in inducing sleep, we expect
it should be helpful for that reason alone. 

Chinese and herbal medicine 

Chinese and herbal medicines have been recommended for
COVID-19 disease, but by their very nature, they are not sup-
ported by laboratory or clinical studies. As a result, we are
unable to evaluate them. 

Heterogeneity of COVID-19 patients 

Even though this virus has only been evident since late 2019,
and we have much to learn about it and the disease states it
produces, there is much we do already know. The disease
in humans is quite mild, or even entirely asymptomatic, in
the vast majority of patients, but in a significant minority,
it leads to severe disease, sometimes even death. Although
some patients are predictably prone to bad outcomes from
infection with this virus, such as the elderly and those with
diabetes mellitus or cardiac or pulmonary disease, especially
those with a DNR status, 4 some severely affected victims are
young and in apparent good health when infected. Consider-
ing only skin and mucous membrane manifestations, the dis-
ease is again extremely heterogeneous, 35-39 as we have noted
elsewhere in this issue. 35 [While this paper was in press, a
more infectious mutant variant of the virus appears to heve
emerged; however it does not appear to be more likely to
cause severe disease and does appear to be susceptible to vac-
cines already in development.] 

Sequelae of COVID-19 disease/viral infection 

and its treatment 

Among the significant unknowns regarding this new virus
and the disease it causes are the sequelae that may follow the
disease or even an asymptomatic infection of the virus. Such
sequelae have been observed after infection with West Nile
virus, Ebola virus, and H1 N1 influenza, as well as SARS and
MERS, both of which are also caused by a coronavirus. Like
the COVID-19 itself, the occurrence and course of sequelae,
which appear to be due, at least in part, to side effects of



114 W.C. Lambert et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the treatments applied for the COVID-19, appear to be very
heterogeneous. 41 , 42 , 44 

Why the heterogeneity? 

From numerous medical and autopsy studies of patients who
have died from COVID-19, the answer to at least some of its
heterogeneity becomes clearer. The disease does not progress
in most patients, but in others it induces reactive processes
that cause catastrophic destruction. It is not clear whether it
is the virus or the reaction against it, gone out of control, that
causes the most damage. It appears most likely that it is the
latter. This is discussed in more detail below. 

Cautionary note 

Notably, it is important that we proceed with all deliberate
speed in pursuing effective treatment(s) and/or vaccine(s)
against this pandemic. Wise heads among us are urging cau-
tion. 93 Also notably, statistical studies to evaluate drugs and
vaccines often make the critical, and unstated, assumption
that the subjects of the studies are homogeneous. Because
this is not at all true of COVID-19 patients, statistical sig-
nificance becomes more difficult to attain. It is well to recall
the wise adage, “Failure to prove a difference does not prove
lack of a difference.” It may be best to conclude that if such
studies show a difference, it is likely to be correct, but if they
do not, it may be best to conclude that we simply do not yet
know the answer. 

Gained insights into other medical and 

biomedical issues and problems 

The cytokine storm 

The cytokine storm, otherwise known as the cytokine re-
lease syndrome (CRS) 80 or the COVID-19-related systemic
inflammatory response, 8 , 21 is believed to be the cause of the
severe visceral reaction that causes the catastrophic course of
this disease in some patients. It is essentially an autoimmune
type of response that depends not so much upon recognition
of self-antigens, as it does on release of destructive influences
that damage or destroy some critical, as well as some non-
critical organs and activates potentially self-destructive pro-
cesses such as inflammation and coagulation. The systems
that can be activated by COVID-19 are present in all of us, but
their activities vary depending on such factors as HLA type,
accounting for the great variability of the signs and clinical
manifestations of the disease. 

Upon reflection, it is apparent that other diseases also de-
pend upon activation of similar systems to cause their char-
acteristic signs and clinical manifestations. The collagen-
vascular diseases (connective tissue diseases) come to mind,
as well as a myriad of other diseases. In dermatology, one
thinks of autosensitization (“id”) reactions, various reactive
entities such as elephantiasis nostra, and the “angry back syn-
drome” that complicates clinical patch testing. The human
body’s reactions to various disease states are not necessarily
beneficial, and may actually be quite counterproductive and
harmful. 

Cytokine storms are, of course, quite variable, depending
on multiple factors, including their causes. Let us consider
clinical situations that, on reflection, appear to depend heav-
ily on this type of reaction in some form to produce adverse
outcomes. 

Malaria 

At least part of the reason that antimalarial drugs, such
as chloroquine and deoxychloroquine, are effective against
malaria may be because in that disease, with its various
forms, cytokine storms arise and are part of the etiopatho-
genesis. Malaria is known to give rise to crises. 94 We posit
that these are actually cytokine storms. If we are correct, it
may be that the cytokine storm may in turn be studied using
animal models of the various types of malaria. 

Sepsis 

Sepsis has long been considered to be associated with un-
controlled release of immunologically active substances and
endogenous inflammatory agents, even before many of the
ones known and studied today were identified. These inves-
tigations are ongoing. 95 , 96 One known aspect is that sepsis
due to different organisms is clinically different. 

Surgery 

Although, as dermatologists, we rarely perform major
surgery, we not infrequently are exposed to it and the patients
involved either in our training or practice. Minor surgery is,
of course, a staple of current-day dermatology. Aseptic pro-
cedures and anesthesia, local or systemic, are, of course, crit-
ical underpinnings of both kinds of surgery, and their intro-
duction dramatically changed surgery for the better; how-
ever, we strongly suspect that there is a third leg that should
also be underpinning surgery: control of the resulting cy-
tokine storm. We suspect that this leg, once introduced, will
have an effect as great as or perhaps even greater than the
former two. 

Why do we suspect this? Surgery involves cutting or de-
stroying tissue, or both. Were the patient conscious and also
able to feel this process, we are well aware of the antici-
pated reaction. This would fall into the category of “flight
or fight.” Just because the patient does not feel the trauma,
however, does not mean that he or she is not reacting to it at
an unconscious level. Surgery textbooks note various stages
of recovery from major surgery, including a catabolic and an
anabolic phase. These stages are considered unavoidable by
many surgeons, but we suggest that they be, at least in part,
the result of a massive cytokine response to the procedure.



What we have learned from the COVID-19 pandemic 115 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Part of that response is likely to redirect blood flow away
from vital organs and toward muscle and parts of the brain,
to enable “flight or fight.” A patient undergoing a procedure
or a recovering surgery patient needs just the opposite. Rever-
sal of this process, perhaps by administering other cytokines
or drugs, may profoundly reduce the stress of surgery. 

We do not yet have a safe and effective treatment that
would completely reverse this counterproductive reaction,
but we do have: 

1. Laboratory tests that detect systemic inflammation,
such as C reactive protein 

2. Drugs with antiinflammatory properties, such as
chloroquine and hydroxychloroquine, that would be
good candidates to suppress it 

3. Opportunities abound to test the following hypotheses,
which arise from the above rationale: 

Hypothesis: Surgery, whether major or minor, induces cy-
tokine reactions that are not necessarily beneficial or desir-
able. 

Hypothesis: Surgery patients could benefit significantly
from amelioration of some or all these reactions. 

One might expect that the best opportunities to test these
hypotheses lie in major surgery settings, but the opposite may
be true. Major surgery may produce such massive reactions
that they may actually be more difficult to study. As a re-
sult, the best opportunities may lie in dermatologic surgery
settings. Chloroquine and hydroxychloroquine are already
FDA-approved medications (see above), and widespread
studies are currently ongoing on them and other antiinflam-
matory agents due to the COVID-19 pandemic and their pro-
posed value in treating this disease; these studies should pro-
vide additional information useful for anyone using them for
other purposes. (Take care to take necessary precautions for
such complications as cardiac arrhythmias when administer-
ing these drugs.) Laboratory studies of systemic inflamma-
tion and cytokine reactions to minor surgery are routinely
available and usually require only a few blood draws (at least
three; one before, one during and one following the proce-
dure). Those with access to basic science investigators and
their laboratories may wish to pursue more complex studies.

Trauma and shock 

Much of what may be said of cytokine storm type reactions
following and/or during surgery may also be said of trauma
situations and patients undergoing shock, whatever the cause.
These situations are also opportunities for study and possible
antiinflammatory intervention, but they are generally uncon-
trolled and therefore more difficult to study. 

Conclusions 

The COVID-19 pandemic took the world by surprise and
has drastically altered it. There are numerous ongoing so-
cioeconomic consequences, some arguably even worse than
the viral disease itself. Medically there has been a mag-
nificent response on the part of medical personnel, and a
somewhat mixed one on the part of politicians and regula-
tors, some responses excellent, some not so excellent. The
biomedical community, backed by government funding, has
mobilized itself to find vaccines and effective treatments with
impressive, one could reasonably state amazing, results, but
more are needed. Detection, prevention, and treatment strate-
gies for COVID-19 are essential. Good public policy needs
to advanced and refined, probably individualized to specific
localities, communities, and situations, in what appears to be
a rapidly changing landscape. Political instability has drasti-
cally increased and, we suspect, will continue to do so as the
pandemic takes its toll, particularly if some of these measures
are not taken and/or are not done properly. 

There is much that we can, and should, learn from this
pandemic. Routine procedures and protocols, such as assign-
ment of DNR status to some patients, may have unanticipated
and even adverse consequences in a pandemic. Development
of new drugs, reapplication of old ones, and development of
new vaccines need not take nearly as long as in the even re-
cent past, partially as a result of new and emerging technolo-
gies. We must use this pandemic to learn more about a phe-
nomenon that has plagued humankind for centuries but has
been little studied or taught: the cytokine storm. 

This phenomenon has importance in many areas of
medicine, especially infectious disease, trauma, and surgery,
including dermatologic surgery. We have the means, as well
as the interest and motivation, to study it and learn how to
moderate it. Through all of this, we must not abandon the
one attribute human has to cope with even massive problems:
Thinking. 
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