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ARTICLE INFO ABSTRACT

Keywords: Background: The COVID-19 pandemic due to SARS-CoV-2 infection can produce Acute Respiratory Distress
CovID Syndrome as a result of a pulmonary cytokine storm. Antihistamines are safe and effective treatments for
A3Ds . reducing inflammation and cytokine release. Combinations of Histamine-1 and Histamine-2 receptor antagonists
2:15;21;;“ have been effective in urticaria, and might reduce the histamine-mediated pulmonary cytokine storm in COVID-
Lung 19. Can a combination of Histamine-1 and Histamine-2 receptor blockers improve COVID-19 inpatient

outcomes?

Methods: A physician-sponsored cohort study of cetirizine and famotidine was performed in hospitalized patients
with severe to critical pulmonary symptoms. Pulmonologists led the inpatient care in a single medical center of
110 high-acuity patients that were treated with cetirizine 10 mg b.i.d. and famotidine 20 mg b.i.d. plus standard-
of-care.

Results: Of all patients, including those with Do Not Resuscitate directives, receiving the dual-histamine receptor
blockade for at least 48 h, the combination drug treatment resulted in a 16.4% rate of intubation, a 7.3% rate of
intubation after a minimum of 48 h of treatment, a 15.5% rate of inpatient mortality, and 11.0 days duration of
hospitalization. The drug combination exhibited beneficial reductions in inpatient mortality and symptom
progression when compared to published reports of COVID-19 inpatients. Concomitant medications were
assessed and hydroxychloroquine was correlated with worse outcomes.

Conclusions: This physician-sponsored cohort study of cetirizine and famotidine provides proof-of-concept of a
safe and effective method to reduce the progression in symptom severity, presumably by minimizing the
histamine-mediated cytokine storm. Further clinical studies in COVID-19 are warranted of the repurposed off-
label combination of two historically-safe histamine receptor blockers.

Cytokine storm

1. Introduction

Histamine and mast cells play a fundamental role in modulating
inflammation through increased capillary blood flow and vascular
permeability, as well as cytokine release. Histamine-1 (H1) receptor
antagonists (e.g., cetirizine) are administered for allergies. Histamine-2
(H2) receptor antagonists (e.g., famotidine) are used to control acid in
the stomach and heart burn. Prescription branded, generic, and over-
the-counter (OTC) drugs of both classes are safe and commercially

available worldwide.

Humans have been treated using dual-histamine receptor blockade.
Urticaria (hives) has been successfully treated with dual-histamine re-
ceptor blockade since the 1970’s [1-3], and remains a common practice
in dermatology. And, a few reports have begun to demonstrate that
diarrhea can be treated similarly [4,5]. At present no H1-H2 receptor
combination drug has been US FDA-approved.

COVID-19 (SARS-CoV-2) emerged in late 2019 in China, and nucleic
acid sequence results indicate that it was very likely from a bat vector.

* Corresponding author. GI Associates, 2510 Lakeland Dr., Flowood, MS, 39232, USA.
** Corresponding author. Trends in Pharma Development LLC, 7100 Cabin Lane, Pinson, AL, 35126, USA.
E-mail addresses: reed.hogan@gi.md (R.B. Hogan II), tom@tomdooley.org (T.P. Dooley).

https://doi.org/10.1016/j.pupt.2020.101942

Received 30 June 2020; Received in revised form 22 August 2020; Accepted 25 August 2020

Available online 29 August 2020
1094-5539/© 2020 Elsevier Ltd. All rights reserved.


mailto:reed.hogan@gi.md
mailto:tom@tomdooley.org
www.sciencedirect.com/science/journal/10945539
https://www.elsevier.com/locate/ypupt
https://doi.org/10.1016/j.pupt.2020.101942
https://doi.org/10.1016/j.pupt.2020.101942
https://doi.org/10.1016/j.pupt.2020.101942
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pupt.2020.101942&domain=pdf

R.B. Hogan II et al.

The disease can manifest as a hyper-immune response with pulmonary
cytokine release resembling that of other respiratory infections, such as
Severe Acute Respiratory Syndrome (SARS), Middle East Respiratory
Syndrome (MERS), and influenza. Studies from China have defined the
COVID-19 cytokine profile [6] and identified risk factors that increase
mortality [7]. These retrospective studies suggest mortality may be
linked to inflammatory processes caused by a “cytokine storm”, which
was very common in patients with severe to critical symptoms [8].
Pulmonary pathology in early-phase COVID-19 pneumonia has shown
acute lung injury [9]. In the later stage of disease, patients can develop
Acute Respiratory Distress Syndrome (ARDS) or ARDS-like conditions
and multi-organ failure [10].

According to the Centers for Disease Control (CDC), the disease
severity from China is 14% severe and 5% critical, and the critical pa-
tients displayed a fatality rate of 49%. (www.cdc.gov/coronavir
us/2019-ncov/hcep/clinical-guidance-management-patients.html).
Furthermore the CDC reports, “Among U.S. COVID-19 cases with known
disposition, the proportion of persons who were hospitalized was 19%.
Among all hospitalized patients, a range of 26% to 32% of patients were
admitted to the ICU. Among all patients, a range of 3% to 17% developed
ARDS compared to a range of 20% to 42% for hospitalized patients and 67%
to 85% for patients admitted to the ICU. Mortality among patients admitted
to the ICU ranges from 39% to 72% depending on the study. The median
length of hospitalization among survivors was 10 to 13 days.”

Because of the sudden emergence of COVID-19, rapid research ef-
forts are being conducted to repurpose existing approved drugs or bio-
logic immunotherapies in this new indication, as these options are more
likely to have near-term benefit during the pandemic. A major goal of
many of these initiatives is to prevent or reduce the cytokine storm in
pulmonary tissue [11-13].

Animal model studies are informative at this juncture. Sars-CoV-
infected mice have shown that T-cell responses are required for pro-
tection from disease and for virus clearance [14]. The immunomodu-
lation by histamine depends mostly on its influence of T-cells [15].
Histamine stimulates inflammation, cytokine release, and can lead to
tissue damage, including lung [16]. A porcine study evaluating HIN1
influenza demonstrated the accumulation of histamine in severe pneu-
monia [17]. Furthermore, the H1 receptor antagonist, ketotifen,
decreased inflammatory cytokines and severe pneumonia [17].

Dual-histamine receptor blockade has been effective in animal
models of bacterial ARDS and allergy. A porcine animal model study has
shown successful treatment of Pseudomonas-induced ARDS with
diphenhydramine and cimetidine [18]. In this model for the treatment
of hypoxemia, pulmonary hypertension, and pulmonary microvascular
injury, the combination of diphenhydramine and cimetidine was
essential, and was augmented somewhat by ibuprofen. In a guinea pig
model, treatment with clemastine and cimetidine protected against
allergen-induced bronchial obstruction [19].

Therefore, based upon prior efficacious dual-histamine receptor
blocker studies in humans and animal models in a variety of diseases, we
believe it is reasonable to bridge into humans infected by COVID-19
using dual-histamine receptor blockade, in order to prevent or
diminish the cytokine storm. Furthermore, the safety and efficacy of
dual-histamine receptor blockade previously evidenced in human urti-
caria (and diarrhea) makes this an appealing approach. Therefore, the
major goals of the present proof-of-principle study include to decrease
the progression of adverse outcomes in a cohort of severe and critical
(high-acuity) hospitalized patients, most notably from ventilation in-
dependence to dependence, from life to death, and by reducing the
duration of stay until discharge.

2. Methods
This physician-sponsored and -initiated cohort study was led by a

team of board certified pulmonologists from a single practice group in
Jackson, MS. All patients were treated in a single hospital operated by
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Baptist Health Systems, with IRB approval (IRB # 20-49 exemption) for
retrospective access to patient data. The first dual drug-treated patient
date was April 3, 2020 and the study period for this cohort concluded on
June 13, 2020. The study was motivated by the principle of compas-
sionate care use of repurposed medications (in view of the rationale
above) by the attending pulmonologists during the COVID-19 pandemic.
Conditions included open-label drug use, without a placebo control or
randomization. In lieu of a placebo control group, for comparison the
control(s) consisted of published SOC patient results that were not
administered the dual-histamine receptor blockade from the USA,
United Kingdom, and China.

2.1. Inclusion and exclusion criteria

The inclusion criteria were: (a) Males or females of minimum age of
17; (b) Admission to the hospital with suspected or confirmed pulmo-
nary symptoms of COVID-19. All patients were confirmed COVID-19
positive by RT-PCR within several days of admission. The exclusion
criteria were: (a) The patient is negative for COVID-19 by RT-PCR
diagnostic test; (b) Sensitivity or allergy to cetirizine or famotidine, if
known; (c) Duration of stay of less than 48 h; and (d) Treatment with the
drug combination for less than 48 h. The investigators anticipated that
any patient who was subject to a Do Not Resuscitate (DNR) directive
may be a confounding factor (e.g., with regard to old age or the extent of
aggressive life-sustaining care provided). Therefore, the DNR patients’
results were parsed in the analyses for comparison to all patients.

2.2. Standard-of-care procedures & medications

On admission to hospital, the patient was diagnosed for suspected
COVID-19 based primarily upon pulmonary symptoms, and located
within a COVID-19 ward. Treatment was initiated in ER with SOC per
admitting provider. The patient was confirmed positive for COVID-19 by
RT-PCR diagnostic test. SOC included radiologic assessments, supple-
mental oxygen when necessary, and intravenous (IV) hydration when
necessary. SOC concomitant treatments included the antimalarial drug
hydroxychloroquine (84.5%), the anti-IL6 biologic tocilizumab (50.9%),
the glucocorticoid drug methylprednisolone (30.9%), and convales-
cence plasma (30.0%). The cumulative rate of intubation in this cohort
was 16.4%.

2.3. Cetirizine - famotidine treatment

The H1 receptor antagonist was cetirizine. The H2 receptor antago-
nist was famotidine. Given the current challenge of market availability
of oral H2 antagonists, whenever the oral dosage form was not available
or appropriate the clinicians used famotidine IV. Cetirizine and famo-
tidine administration was preferably (a) oral, when feasible; then (b)
gastric via nasogastric tube; then (c) by IV injection, based upon clinical
assessments. The first dose of the therapy was administered in the ER, or
upon arrival to the COVID ward, or when our trial started. Famotidine
20 mg IV and cetirizine 10 mg IV (or alternatively PO) was administered.
Subsequent doses consisted of famotidine 20 mg q 12 h and cetirizine 10
mg q 12 h PO.

2.4. Study endpoints

The major endpoints were: (a) Increased rate of discharge; (b)
Reduced ventilation requirements (i.e., reduced number of intubations
overall and after receiving a minimum of 48 h of dual drug treatment);
(c) Reduced inpatient mortality rate; and (d) Reduced duration of
hospitalization.

The study endpoints were compared to SOC patient outcomes from
Atlanta, GA [20], Louisiana [21], New York City, NY [22], United
Kingdom [23], and Wuhan, China [24,25]. This comparison to external
sources is informative, as the number of available SOC-only patients was
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limited in this medical center during the rapidly-evolving SOC in the
COVID-19 pandemic. This new dual drug treatment paradigm was
rapidly adopted as SOC in this hospital.

3. Results
3.1. Patient demographics

The patient demographics for the cetirizine - famotidine treatment
cohort consisted of 110 patients age 17 to 97; mean age of 63.7 (SD
18.1); Female 59% and male 41%; and racial composition of 36.4%
White, 59.1% African American or Black, 4.5% other. According to the
US Census Bureau the racial demographics for the state of Mississippi are
59.1% White, 37.8% African American or Black, 3.1% other, and the
median age is 36.7 years. Thus, our treated patients afflicted with
COVID-19 in this medical center represented an inversion in racial de-
mographics with regard to the state’s statistics vis-a-vis African-
American or Black versus White.

3.2. Acuity and comorbidity

The 110 COVID-19-positive patients with severe and critical pul-
monary symptoms were treated in an inpatient setting in a single
medical center with cetirizine and famotidine for a minimum of 48 h, in
addition to SOC. This group of patients manifested an average of 2.7
comorbidities (Table 1). The most common comorbidities were hyper-
tension (78.2%), obesity plus morbid obesity (58.2%), diabetes (42.7%),
and cardiac disease (26.4%). Thus, the cohort exhibited high acuity and
high comorbidities.

3.3. Clinical Results with and without Do Not Resuscitate Directives

The results of dual drug treatment are summarized with regard to all
patients including DNR and the subset excluding DNR (Table 2). The
investigators anticipated DNR patients would be a confounding factor,
and there were 13 DNR patients. The endpoints were: (a) discharge rate;
(b) intubation rate; (¢) intubation rate after a minimum of 48 h of dual
drug treatment; (d) inpatient mortality rate; and (e) average number of
days to discharge. The rate of discharge during the study period (10
weeks plus 1 day) was 84.5% (and 91.8% excluding DNR). The intu-
bation rate was 16.4% (and 16.5% excluding DNR). The intubation rate
after a minimum of 48 h of drug treatment was 7.3% (and 6.2%
excluding DNR). The inpatient mortality rate was 15.5% (and 8.2%
excluding DNR). The average number of days to discharge was 11.0 (and
10.9 days excluding DNR).

3.4. Concomitant medications, treatments, and intubations

Concomitant administration of other drugs, biologics, or treatments
in the SOC of the severe to critical patients are potential confounding
factors (Table 3). For instance, the vast majority (84.5%) of the patients

Table 1
Comorbidities in 110 hospitalized COVID-19 patients treated with famo-
tidine and cetirizine for a minimum of 48 h.

Comorbidities: %

Diabetes 42.7%
Hypertension 78.2%
COPD 13.6%
Cardiac Disease 26.4%
Arrythmia 16.4%
Asthma 10.9%
Smoker 20.0%
Obesity (excluding Morbid Obesity) 41.8%
Morbid Obesity 16.4%

Total Comorbidities Per Patient Mean = 2.7
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Table 2
Clinical outcomes in 110 hospitalized COVID-19 patients treated with famoti-
dine and cetirizine for a minimum of 48 h.

Key Metric: Including Excluding
DNR DNR
Total Patients Admitted 110 97
Total Patients Discharged 93 89
Discharge Rate 84.5% 91.8%
Total Patients Intubated 18 16
Intubation Rate 16.4% 16.5%
Total Patients Intubated After a Minimum of 48h 8 6
of Treatment
Intubation Rate After a 7.3% 6.2%
Minimum of 48 h of Treatment
Total Deaths 17 8
Death Rate % 15.5% 8.2%
Average Days to Discharge 11.0 10.9

were administered hydroxychloroquine (HCQ). Based upon recent
publications [26-29], one may assert that HCQ very likely provided no
therapeutic benefit, and HCQ might have had an adverse effect on the
outcomes in this cohort of 110 patients, as it correlated with worse
outcomes (i.e., higher rates of intubation and death).

In some of the patients, and especially those who progressed to
ventilation dependence, a biologic (tocilizumab in 50.9% of patients), a
glucocorticoid (methylprednisolone in 30.9% of patients), and/or
convalescent plasma (in 30.0% of patients) were used at the discretion of
the pulmonologist-led critical care team as concomitant treatments
(Table 3). At those junctures in patient management, the concomitant
treatments were anticipated to possibly provide some benefit to the
patients. However, the high degree of correlation of use of methyl-
prednisolone, tocilizumab, and/or convalescent plasma with intubation
per se hampered measurement.

It is interesting to note the clinical nature of the intubated patients
and deaths associated with intubation. Of the 18 intubated patients, 9
died (50.0%). Of the group of 10 patients intubated prior to completing
48 h of combination drug therapy, 9 were subsequently successfully
extubated, 5 of whom were extubated within 2-4 days. Of the 8 patients
intubated after completing a minimum of 48 h of cetirizine and famo-
tidine use, all 8 patients died and all received tocilizumab and conva-
lescence plasma, whereas only 2 of the 8 patients received
methylprednisolone. This particular patient subpopulation (n = 8) was
critically ill and included 2 leukemia patients, a cirrhotic patient, a 91
year old with chronic kidney disease, a 79 year old former smoker with
chronic kidney disease stage 3, an end stage renal disease patient, and a
multiple sclerosis patient with chronic kidney disease in cardiogenic
shock.

4. Discussion

Here we describe an initial study of dual-histamine receptor
blockade to retard the histamine-cytokine network and with the inten-
tion of blunting the cytokine storm. The safety profile of dual-histamine
receptor blockade makes this an appealing consideration for COVID-19-

Table 3
Clinical outcomes in 110 famotidine and cetirizine-treated COVID-19 patients
and concomitant treatments.

Concomitant Treatments Total # % of Total Intubated % Death %
Hydroxychloroquine - YES 93 84.5% 18.3% 17.2%
Hydroxychloroquine - NO 17 15.5% 5.9% 5.9%
Methylprednisolone - YES 34 30.9% 29.4% 14.7%
Methylprednisolone - NO 76 69.1% 10.5% 15.8%
Tocilizumab - YES 56 50.9% 30.4% 21.4%
Tocilizumab - NO 54 49.1% 1.9% 9.3%
Convalescent Plasma - YES 33 30.0% 30.3% 33.3%
Convalescent Plasma - NO 77 70.0% 10.4% 7.8%
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positive patients. If dual-histamine receptor blockade is able to blunt the
cytokine system, the risk of progressing to severe and/or critical disease
should lessen.

The results of this initial physician-sponsored study provide a proof-
of-principle that it can reduce disease severity and the need for venti-
lators, and save lives. The results of patients who received at least 48 h of
the combination drug treatment demonstrated reduced rates of intuba-
tion (16.4%), of intubation after 48 h of dual drug treatment (7.3%), of
inpatient mortality (15.5%), and of duration of hospitalization (11.0
days). If DNR patients were excluded, then the inpatient mortality rate
was only 8.2%. These clinical outcomes represent reductions in the
anticipated symptom severity expressed as ventilator dependence and
lethality relative to SOC reported in Atlanta, Georgia (albeit critical ICU-
only patients) [20], Louisiana [21], New York City, New York [22], the
United Kingdom [23], and Wuhan, China [24,25] (see below).

4.1. Preliminary results of patients not treated with cetirizine - famotidine

Outside of the dual-histamine receptor blockade cohort group, pre-
liminary results were noted by the same group of pulmonologists in the
same medical center with an independent group of 12 SOC-only COVID-
19 patients. The SOC-only patients (lacking cetirizine and famotidine)
resulted in 5 intubations (41.7%), 5 deaths (41.7%), and 18.0 average
days to discharge (data not shown). These SOC-only preliminary results
are consistent with high symptom severity and high rate of inpatient
fatality in the overall admitted patient population. Furthermore, a small
group of 7 famotidine-only patients resulted in 3 intubations (42.9%), 1
death (14.3%), and 16.2 average days to discharge (data not shown).
Due to the limited number of patients in each of these two groups, un-
fortunately they were not deemed sufficient for comparative statistical
analysis, relative to 110 cohort patients receiving cetirizine and famo-
tidine for a minimum of 48 h.

4.2. Inpatient fatality rate

The 15.5% inpatient fatality rate or 8.2% excluding DNR patients
compares favorably to published inpatient fatality rates from other re-
gions — 30.9% in Atlanta, GA (albeit critical ICU-only patients) [20],
23.6% in Louisiana [21], 21% in New York City, NY [22], 25.7% in the
large RECOVERY trial in the United Kingdom [23], and 21.9 and 28.3%
in Whuan, China [24,25]. In other words, we experienced a reduction in
inpatient fatalities of 26.2% to 45.2% relative to these reference loca-
tions ranging from 21% to 28.3% in inpatient fatality rates (excluding
the ICU-only patients in Atlanta), some of which were obtained from
very large clinical trials. In essence, we observed an approximately one
third reduction in inpatient deaths in the cetirizine - famotidine cohort
relative to well documented clinical studies of hospitalized SOC patients.
This differential might be even higher if DNR patients were excluded in
other cohorts or trials, albeit unknown.

The reports of inpatient mortality rate can be dependent on multiple
variables, such as inclusion/exclusion criteria (e.g., DNR patients),
diagnosis (e.g., presumptive COVID-19 vs. PCR-confirmed for viral
RNA), demographics of patients in the study, the duration of the study
period, symptom severity and comorbidities at the time of admission, as
well as rapidly evolving SOC treatments influenced by media, govern-
mental agencies, and clinical reports. During this crisis it should be
noted that many of the “publications” on COVID-19 were available only
in preprint form, in view of time-is-of-the-essence. And, in some in-
stances the information was only presented as an assertion in the media,
without any supporting scientific information.

That being said, in our cohort 17 fatalities had an average age of 70.6
and our 9 DNR deaths had an average of 75.8 years. (Note that one DNR
death was due to a cirrhotic patient aged 38. If this individual had been
excluded, then the DNR deaths would have averaged 80.5 years.) Our
overall and DNR deaths were predominantly among the elderly.
Furthermore, the small group of 12 SOC-only patients treated by our
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pulmonologists exhibited a high inpatient fatality rate of 41.7% in the
same medical center (data not shown). These two findings (i.e., elderly
patient deaths and a small SOC-only group with a very high rate of
inpatient fatality), suggest that our inpatient fatality rate of 15.5% with
DNR was adversely impacted by patient age and multiple comorbidities
(average of 2.7) in Central Mississippi. In other words, our dual-
histamine receptor blockade treatment effects were favorable even in
an unfavorable context in high acuity patients.

4.3. Ventilator dependence

With regard to ventilator dependence, the observed intubation rate
of 16.4% overall in the cohort of 110 patients (including DNR directives)
in Jackson, Mississippi and especially only 7.3% intubation rate after a
minimum of 48 h of treatment with cetirizine plus famotidine compares
favorably to 26.3% in Louisiana [21], 12.2% in New York City [22], and
33.3% in Wuhan, China [24].

4.4. Limitations

There are multiple limitations to any physician-sponsored cohort (or
case series) study. Within this initial study the limitations were most
notably: (a) This proof-of-principle study was not a placebo-controlled,
randomized, and blinded study that is customary for a regulatory
registration trial; and (b) The study lacked a sufficiently high number of
untreated SOC patients for use as a retrospective control cohort. How-
ever, the investigators have provided comparisons to the published SOC
cohorts from other regions in the USA, UK, and China.

However, offsetting these limitations it should be noted that this
work was performed in April through June 2020 during an intense
season within the COVID-19 pandemic crisis, at a time-is-of-the-essence
season when pulmonologists, emergency room physicians, critical care
specialists, and hospitalists were eager to attempt rational repurposing
of previously FDA-approved medications. Thus, the physicians desired
near-term improved outcomes, compassionate care, and to identify new
proof-of-concept off-label therapies for COVID-19 ARDS or ARDS-like
patients. Cetirizine and famotidine were intentionally incorporated
into treatment of this severe and critical patient cohort in view of
exceptional historic safety of each medication, as evidenced by their
approved OTC status, and in view of prior efficacy of dual-histamine
receptor blockade in diseases in humans and animal models. This
resulted in the vast majority of all COVID-19 positive patients in this
medical center being treated with cetirizine plus famotidine as the
“new” SOC.

4.5. Current trends in experimental COVID-19 treatments

How does this H1-H2 drug combination treatment compare with
other recent therapeutic developments in COVID-19? There are four
noteworthy examples that have received attention at this juncture in the
scientific literature and media, namely hydroxychloroquine, remdesivir,
famotidine, and dexamethasone.

4.6. Hydroxychloroquine

First, hydroxychloroquine (HCQ) rapidly received general accep-
tance as a SOC medication for COVID-19 inpatients, and was in common
use in critical care settings in the USA at the time of our study. The risk-
benefit reward analysis of HCQ rapidly evolved to a highly unfavorable
impression, based upon controlled clinical trials. The efficacy of HCQ in
COVID-19 is now seriously doubted, and at least one cardio-toxic side
effect has been noted [26]. This study consisted of 75 patients per arm,
comparing SOC vs SOC + HCQ. The authors concluded that HCQ was not
beneficial and resulted in more adverse events.

In another study HCQ was also ineffective in inpatients who required
oxygen; 84 patients were treated with HCQ within 48 h of admission vs
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97 patients receiving SOC without HCQ [28]. There were no benefits to
HCQ when assessing: (a) survival without transfer to ICU; (b) survival at
21 days; (c) survival without ARDS at 21 days; and (d) percentage of
patients requiring oxygen at 21 days. Furthermore, 10% of the
HCQ-treated patients manifested ECG anomalies requiring discontinu-
ation of HCQ treatment. HCQ is no longer recommended for use in
COVID-19 inpatients (i.e., late in disease progression), and the US FDA
rescinded the Emergency Use Authorization (EUA) for this drug.

Two prospective well controlled clinical trials are high level evidence
of a lack of efficacy of HCQ in early disease prevention or treatment in
COVID-19 outpatients. A randomized, double-blind, placebo-controlled
treatment trial with 423 outpatients concluded, “Hydroxychloroquine did
not substantially reduce symptom severity in outpatients with early, mild
COVID-19.” Side effects were greater with HCQ than placebo [29].
Another randomized, double-blind, placebo-controlled prevention trial
with 719 individuals with high-risk exposure to a confirmed COVID-19
contact did not prevent illness when used as post-exposure prophylaxis
within 4 days after exposure [27]. Side effects were greater with HCQ
than placebo [27]. However, in spite of these solid clinical trial results,
at this juncture many anecdotes about HCQ are being widely reported in
the media, while lacking published scientific validation. Whether
nuanced dosing, scheduling, and/or coincident medical treatments with
HCQ might be efficacious in COVID-19 outpatients is an open question
at this juncture.

Regardless, in aggregate these studies indicate that HCQ was not
effective in preventing or treating disease progression in COVID-19
patients. Therefore, it should be noted that HCQ was administered to
most of the patients in our study, and it is reasonable to speculate that it
impaired patients in our cohort, in view of the demonstrated correlation
with worse outcomes.

4.7. Remdesivir

Second, remdesivir was developed prior to the COVID-19 pandemic
as a retroviral replication inhibitor. A well-designed placebo-controlled
trial suggested a reduction in the time to clinical improvement [30].
However, the study was not sufficiently powered statistically [31]. Thus,
there was no improvement with regard to patient deaths or viral load.
This trial did not provide convincing evidence of a substantial thera-
peutic benefit of remdesivir. Regardless, the US FDA granted EUA for
this prescription medication, which is expected to be expensive in the
USA.

4.8. Famotidine

Third, famotidine has been evaluated in a retrospective association
study of COVID-19 patients in New York City [32]. A cohort of 84
hospitalized patients out of 1620 total received famotidine within 24 h
of hospitalization, and a subset of the patients (15%) were already
treated with famotidine at home prior to admission. Patients intubated
within 48 h of admission were excluded. The doses ranged from 10 to 40
mg. Famotidine use was associated with a reduced risk of death and
intubation. By comparison proton pump inhibitors (that reduce gastric
acid independent of a histamine mechanism) were not associated with
reduced risk of death or intubation. The results suggest a
histamine-mediated effect in the COVID-19 patients. This report lacks
information on concomitant medications or treatments (either SOC or
experimental), with the exception of proton pump inhibitors [32].

Comparing our cetirizine 4 famotidine results with high comorbidity
patients to the famotidine-only study [32], note the following comor-
bidity and other factors might account for the magnitude of treatment
effect in our 110 cetirizine + famotidine patients vs. 84 famotidine
patients in New York City: obesity 58.2% vs. 26%; hypertension 78.2%
vs. 35%; diabetes 42.7% vs. 29%. In addition, the representation of
Black patients was 59.1% vs. 21%. These comorbidity and racial factors
are known to be causal in adverse COVID-19 inpatient outcomes. In
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addition, the overall intubation rate in all patients in New York City was
only 8.8% and excluded patients intubated within 48 h of admission.
Once again this indicates a lower relative acuity level in the
famotidine-only cohort of 84 patients. Our cohort’s intubation rate was
16.4% overall, whereas after a minimum of 48 h of cetirizine 4 famo-
tidine treatment it was only 7.3%. In addition, the inpatient mortality
rate in all 1620 patients was 15% in the New York City study, which was
essentially a lower baseline than expected for our Mississippi cohort.

These acuity, comorbidity, and outcome differences underscore a
very likely comorbid burden in our patient cohort in Mississippi, relative
to the famotidine-only study in New York City. Furthermore, concomi-
tant medications (or other treatments) were not reported in the New
York City study, whereas concomitant medicines were reported herein
in Table 3 regarding HCQ (84.5%), methylprednisolone (30.9%), toci-
lizumab (50.9%), and convalescent plasma (30.0%). Note that HCQ
correlated with worse outcomes in our study, and likely further
burdened our patients.

In another retrospective inpatient study of 878 COVID-19 patients
total, 83 patients were treated with famotidine alone in Hartford, Con-
necticut (Mather J.F., et al., Am. J. Gastroenterology, 2020, in press). In
all patients the inpatient fatality rate was 21.8% and ventilation rate was
27.2%. Famotidine was administered at 20 mg/day or 40 mg/day, and
resulted in an inpatient fatality rate of 14.5% and intubation rate of
21.7%.

Similar to what is described above for the New York City study,
several key comorbidity factors were more prevalent in our study of
cetirizine plus famotidine vs. the Hartford study: obesity 58.2% vs.
4.8%; hypertension 78.2% vs. 32.5%; diabetes 42.7% vs. 21.7%. These
large differences in underlying medical conditions favored the health of
the Hartford cohort of 83 patients. Furthermore, in a matched com-
parison of 83 famotidine patients vs. a subgroup of 689 no famotidine
patients, HCQ was administered less frequently in the famotidine pa-
tients (43.4% famotidine vs. 52.0% no famotidine). HCQ is expected to
have an adverse effect in hospitalized patients. And, corticosteroids
were administered more frequently in the famotidine patients (57.8%
famotidine vs. 47.8% no famotidine). Corticosteroids are likely to have a
beneficial effect in hospitalized patients (see “dexamethasone” below).
Thus, it is possible that these two concomitant medications biased the
famotidine-treated group favorably and disadvantaged the no famoti-
dine control group to some extent.

Taken together three studies with moderately sized treatment co-
horts (range of 83-110 patients) that were administered cetirizine plus
famotidine (this work) or famotidine-alone [32] (and Mather et al., in
press) have shown efficacy in COVID-19 inpatients. Controlled pro-
spective trials that are randomized with equivalent levels of acuity,
comorbidity, concomitant medications, and other determinants (e.g.,
race) would be welcome to assess the relative contributions of famoti-
dine and/or cetirizine in the presumptive blocking of the cytokine storm
in COVID-19.

Although less informative than the two moderately sized cohort
studies in New York City and Hartford, a case series of only 10 out-
patients administered very high dose famotidine (most of them received
80 mg t.i.d. = 240 mg daily) perhaps suggested the possibility of a
benefit [33].

For comparison to the three famotidine-only studies, our inpatient
study used 20 mg twice daily (40 mg daily) of famotidine, which is
within the FDA-approved OTC dosage level. However, the cetirizine
amount was 10 mg twice daily in this inpatient context, which is double
the daily FDA-approved dosage as an OTC medication.

4.9. Dexamethasone

The RECOVERY trial in the United Kingdom is a randomized,
controlled, open-label trial of hospitalized patients [23]. Dexametha-
sone, a glucocorticoid, was administered to 2104 patients compared to
4321 patients receiving SOC. The steroid treatment reduced the 28-day
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fatality rate down to 22.9% vs. 25.7% in the SOC control patients. Also,
dexamethasone reduced the incidence of death of patients on mechan-
ical ventilation down to 29.3% compared to 41.4% in the SOC control
patients.

In aggregate these controlled trials and cohort studies reveal at this
juncture that COVID-19 inpatients in general are likely to benefit from:
(a) cetirizine - famotidine combination or famotidine alone; (b)
remdesivir; and/or (¢) dexamethasone; but, not from
hydroxychloroquine.

5. Conclusions

What is the current context and unmet medical need for repurposing
old active ingredients, especially OTC medications, during the COVID-
19 Pandemic? Given (a) the recent emergence of COVID-19, (b) the
rapid need for safe and effective treatments deployable immediately,
and (c) the rapid evolution in the SOC treatments for inpatients, recent
innovations might not permit sufficient time for the statistically robust
clinical trials that are customary for an FDA regulatory approval process.
In this time-is-of-the-essence pandemic context, the results of this dual-
histamine receptor blockade treatment compares favorably to current
SOC protocols. We have demonstrated reductions in ventilator depen-
dence and inpatient fatality rates relative to other published studies
using two safe OTC medications. This dual drug approach is consistent
with the historic axiom in medicine — “first do no harm”, by utilizing
historically well tolerated OTC medications.

Although this study provides initial evidence in support of a safe and
effective treatment, many questions remain to be addressed. Random-
ized and controlled trials are warranted with outpatients “early” and
inpatients “late”. We have initiated a separate randomized placebo-
controlled outpatient trial of cetirizine - famotidine to begin to
address this question in PCR-confirmed asymptomatic or mild-to-
moderate severity outpatients, thus early in disease progression.
Furthermore, is the beneficial effect dependent on this particular com-
bination of active pharmaceutical ingredients, or would alternative H1
and/or H2 receptor antagonists also be effective? Given the historic
safety profiles for the two selected ingredients within approved OTC
monotherapies, it follows that one is likely to prefer these two over other
active ingredients that have not been granted OTC status. And, would
some patients benefit (more) from alternative doses or dosage
schedules?

Given that famotidine alone has been reported to be beneficial in
COVID-19 inpatients, it would be desirable to conduct a factorial-design
randomized trial with cohorts having equivalent (a) acuities, (b)
comorbidities, (c) concomitant medications, and (d) appropriate dosing
to address the relative contributions of cetirizine and famotidine. It
would also be beneficial to exclude hydroxychloroquine as a con-
founding factor in prospective clinical trials, as it appears to have been
ineffective and/or detrimental in other retrospective inpatient trials, as
well as in our cohort of high acuity patients.

The present clinical investigation provides a new method of treat-
ment for this unmet medical need. The favorable circumstances of
having commercially-available branded, generic, and OTC drugs tar-
geting both H1 and H2 receptor types provide another distinct advan-
tage relative to other experimental drug and biologic research programs
in COVID-19, some of which may take numerous years to develop and
commercialize. This approach with OTC cetirizine (e.g., Zyrtec®) and
OTC famotidine (e.g., Pepcid®) could be rapidly deployed worldwide
and should be affordable, even for economically under-served pop-
ulations, not just for the economically advantaged.
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