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A B S T R A C T   

Levocetirizine, a third-generation antihistamine, and montelukast, a leukotriene receptor antagonist, exhibit 
remarkable synergistic anti-inflammatory activity across a spectrum of signaling proteins, cell adhesion mole
cules, and leukocytes. By targeting cellular protein activity, they are uniquely positioned to treat the symptoms of 
COVID-19. Clinical data to date with an associated six-month follow-up, suggests the combination therapy may 
prevent the progression of the disease from mild to moderate to severe, as well as prevent/treat many of the 
aspects of ‘Long COVID,’ thereby cost effectively reducing both morbidity and mortality. To investigate patient 
outcomes, 53 consecutive COVID-19 test (+) cases (ages 3–90) from a well-established, single-center practice in 
Boston, Massachusetts, between March – November 2020, were treated with levocetirizine and montelukast in 
addition to then existing protocols [2]. The data set was retrospectively reviewed. Thirty-four cases were 
considered mild (64%), 17 moderate (32%), and 2 (4%) severe. Several patients presented with significant 
comorbidities (obesity: n = 22, 41%; diabetes: n = 10, 19%; hypertension: n = 24, 45%). Among the cohort there 
were no exclusions, no intubations, and no deaths. The pilot study in Massachusetts encompassed the first 
COVID-19 wave which peaked on April 23, 2020 as well as the ascending portion of the second wave in the fall. 
During this period the average weekly COVID-19 case mortality rate (confirmed deaths/confirmed cases) varied 
considerably between 1 and 7.5% [37]. FDA has approved a multicenter, randomized, placebo-controlled, Phase 
2 clinical trial design, replete with electronic diaries and laboratory metrics to explore scientific questions not 
addressed herein.   

1. Introduction 

The coronavirus 2019 (COVID-19) pandemic has been partially 
contained under a backdrop of substantial resources allocated by in
ternational parties to resolve the problem. Presently, definitive treat
ment for COVID-19 infection remains both limited and costly, 
particularly for patients with mild to moderate disease. The heteroge
nous clinical features of COVID-19 range from an asymptomatic pre
sentation to acute respiratory distress syndrome (ARDS) and multi- 
organ system failure; untreated the disease can progress to pneu
monia, ARDS, sepsis, shock, and death. The insidious progression is 
accompanied in some patients by an excessive inflammatory response 
underscored by an increase in proinflammatory cytokine levels [3,4] 
termed ‘cytokine storm.’ The advent of the SARS-CoV-2 (COVID-19) 
pandemic presents a challenge in identifying a therapeutic that will 
derail viral replication/target cellular protein activity and effectively 
mitigate symptoms without causing concurrent host toxicity (see 
Table 1). 

1.1. Synergistic anti-inflammatory combination therapy for COVID-19 

Coronaviruses are a large group of enveloped, positive sense 
(immediately translated by the host cell), single-stranded RNA viruses 
belonging to the order Nidovirales. SARS-CoV-2 has been designated 
within the order as the seventh discrete coronavirus species capable of 
causing human disease. The virus is characterized by a long incubation 
period between 5 and 14 days. Initial symptoms are varied, ranging from 
none to typical viral presentations including fever, cough, shortness of 
breath, fatigue, myalgia, headache, anosmia, and diarrhea [3,5]. 
Contemporary and evolving COVID-19 research has identified the 
treatment of inflammation caused by the virus as a cornerstone of 
therapy [6]. The anti-inflammatory synergy between levocetirizine, a 
third-generation antihistamine, and montelukast, a leukotriene receptor 
antagonist, was discovered by B. Chandler May, MD, JD, MS, FCLM 
during the 2009 H1N1 pandemic (US Patent No. 9044479). The com
bination is ideally positioned to treat COVID-19 symptoms, addressing 
multiple targets within the inflammatory pathway including: histamine, 
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leukotriene D4 (LTD4), NF-kB, ICAM-1, VCAM-1, IL-4, IL-6, IL-8, 
RANTES, GM-CSF, TLR-3, AP-1, and eosinophil and neutrophil quantity 
and migration [7–18]. 

1.2. Synergistic NF-kB inhibition 

The downregulation of NF-kB is considered a key mechanism of ac
tion (MOA) for relief of COVID-19 symptoms and mitigation of inflam
mation as NF-kB plays a critical role in mediating responses to a 
remarkable diversity of external stimuli; providing at least in part, 
regulation of cytokine release triggered by infection. Equally if not more 
important, is recognition of the NF-kB family of transcription factors as 
pivotal across the spectrum of not only inflammation, but also immu
nity, cell proliferation, differentiation, cell survival, and cell death. NF- 
kB is expressed in almost all cell types and tissues. Specific binding sites 
are present in the promoters and/or enhancers of a large number of 
genes including: cytokines/chemokines and their modulators, immu
noreceptors, proteins involved in antigen presentation, cell adhesion 
molecules, acute phase proteins, stress response genes, cell surface re
ceptors, regulators of apoptosis, growth factors, ligands and their 
modulators, early response genes, transcription factors and regulators, 
viruses, and enzymes [19]. 

Data from DeDiego et al. illustrated the importance of the down
regulation of NF-kB in coronavirus infected mice with SARS-CoV-1 
(2002) severe acute respiratory distress syndrome [20]. The authors 
found that pulmonary pathology was significantly less in infected mice 
treated with each of NF-kB inhibitors CAPE (caffeic acid phenethyl 
ester) and parthenolide. A higher reduction of pathology was observed 
in the mice treated simultaneously with both inhibitors; reduction in 
pulmonary pathology correlated with a higher survival rate (no treat
ment: 16.7% survival; CAPE: 44.4%; parthenolide: 33.3%; combined 
treatment: 55.6% survival) and reduced proinflammatory cytokines in 
the lung. Viral titers in the lung homogenates were similar in both un
treated and treated animals, suggesting the reduction in proin
flammatory cytokines after treatment with NF-kB inhibitors was not a 
consequence of reduced virus replication. One advantage of antivirals 
that target cellular protein activity in contrast to viral proteins lies in an 
effect not likely to be negated by mutations in the virus genome. This 
research illustrated the activation of the NF-kB signaling pathway as a 
major contribution to inflammation following SARS-CoV-1 (2002) 
infection with the acknowledgement that NF-kB inhibitors have the 
potential as promising therapeutics in infections caused by SARS-CoV 
and other pathogenic coronaviruses [20]. Fig. 1 depicts, in part, the 

mechanism of action associated with the combination levocetirizine and 
montelukast. 

1.3. Levocetirizine mechanism of action 

Levocetirizine, a third-generation antihistamine, classically down
regulates the H1 receptor on the surface of mast cells and basophils to 
block the IgE-mediated release of histamine. Histamine has been well 
characterized by its effects on the body, including in part, its function as 
a neurotransmitter, dilation of blood vessels which in turn increases 
permeability and lowers blood pressure, contraction of smooth muscle 
in the lung, uterus, and stomach, and as a source of sneezing, itching, 
and congestion. Levocetirizine is considered by pharmacologists an 
‘insurmountable’ H1 receptor antagonist [23]. It has been objectively 
established as the most potent of the five modern generation antihista
mines (levocetirizine, cetirizine, fexofenadine, loratadine, and deslor
atadine) through histamine wheal and flare data [10,24–27]. 

Levocetirizine, given its low volume of distribution and high receptor 
occupancy, is also among a select group of H1 receptor antagonists 
which can inhibit NF-kB and activator protein-1 (AP-1) activity through 
H1 receptor-dependent and independent mechanisms [9,21,22]. In
duction of such activity follows in a dose-dependent manner to decrease, 
inter alia, tumor necrosis factor-α induced production of the chemokine 
RANTES (Regulated upon activation, normal T cell expressed and pre
sumably secreted). RANTES expression, mediated exclusively through 
NF-kB, attracts eosinophils, monocytes, mast cells and lymphocytes, 
activates basophils, and induces histamine release from these cells. 

1.4. Montelukast mechanism of action 

Montelukast functions at the CysLT1 receptor to inhibit the physio
logic action of leukotriene D4 (LTD4). Leukotrienes are protein media
tors of inflammation similar to histamine; however, 100-1000x more 
potent on a molar basis than histamine in the lung. LTD4 is the most 
potent cysteinyl leukotriene in contracting smooth muscle, thereby 
producing bronchoconstriction. Contemporary cell and animal science 
support the use of montelukast in patients with acute respiratory distress 
syndrome [28,29]. 

At the molecular level, distinct from CysLTR1 antagonism, mon
telukast has also been reported to inhibit the activation of NF-kB in a 
variety of cell types including monocytes/macrophages, T cells, 
epithelial cells, and endothelial cells, thereby interfering with the gen
eration of multiple proinflammatory proteins [17]. Separately, 

Table 1 
Summary of key characteristics of levocetirizine and montelukast.  

Levocetirizine Montelukast  

• A leading H1 receptor antagonist in the world among more than 40 antihistamines  
• Considered an ideal, H1 receptor antagonist, ‘insurmountable’ by pharmacologists with 

a Vd 0.4 L/kg; ideal molecule Vd < 0.6 L/kg [23]  
• FDA approved for allergic rhinitis, chronic idiopathic urticaria (CIU) [41]  
• Pregnancy Category B [41]  
• Titratable with increasing efficacy demonstrated in CIU from 5 to 20 mg/day [42]  
• Only antihistamine in the world to independently improve quality of life across all 

domains (global health status SF-36; P < 0.001 for all scales) as well as decrease overall 
health-care costs in a series of 421 patients with allergy/asthma treated for six months 
[39]  

• More potent and safer than astemizole, the latter, a second-generation antihistamine 
with antiviral activity); astemizole was active against both SARS-CoV and MERS-CoV. 
Astemizole; however, was withdrawn from the US market in 1999 due to cardiac toxicity 
- prolongation of the QTc interval [43–45]  

• Cell and clinical science – antiviral activity against human rhinovirus-16 (HRV-16) [11]  

• FDA approved for allergy, asthma, and exercise induced bronchospasm [46]  
• A leading leukotriene modulator in the world  
• Pregnancy Category B [46]  
• Titratable from 4 to 40 mg with linear pharmacokinetics to 50 mg/day [46]  
• Safety studies at 200 mg/day for 22 weeks; 900 mg/day for approximately one week 

[46,47]  
• Ideal in COVID-19 acute care medicine where the lung is the target organ [48]  
• Given orally/nasogastric tube – improves FEV1: 15% in one to three hours [46]  
• Efficiently attenuates ARDS in a mouse model [28]  
• Antiviral activity (disrupting viral integrity) against Zika virus, Dengue virus, and 

yellow fever virus (like COVID-19 and Human rhinovirus (HRV), all are ssRNA vi
ruses) [49]  

• Potential dual COVID-19 activity - main protease enzyme inhibition and virus entry 
into the host cell (Spike/ACE2) [34] 

Combination: Anti-inflammatory synergy between levocetirizine and montelukast in the downregulation of IL-4, IL-6, IL-8, TNF-alpha, GM-CSF, NF-kB, ICAM-1/ 
sICAM-1, VCAM-1, and neutrophil/eosinophil quantity and migration[7–18]. 
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Robinson, et al. found that montelukast independently inhibited resting 
and GM-CSF-stimulated eosinophil adhesion to VCAM-1 under flow 
conditions [14]. 

1.5. Montelukast potential dual effect - enzyme inhibition and COVID-19 
virus entry 

An expanding body of molecular science favorably supports mon
telukast as a potential therapeutic in the treatment of COVID-19. Mul
tiple in silico and in vitro studies have depicted the dual potential of 
montelukast to inhibit the SAR-CoV-2 main proteinase 3CLpro as well as 
viral entry into the host cell (Spike/ACE2). The anti-inflammatory 
drugs: montelukast, ebastine, a second-generation antihistamine, and 
steroid, Solu-Medrol (methylprednisolone) exhibit remarkable affinities 
to 3CLpro. 3CLpro plays an essential role in processing polyproteins, the 
resultant products of which are subsequently utilized in the production 
of new virions. Additionally, there is a known clinical crossover between 
ebastine and levocetirizine, the latter considered more potent 
[27,30–34]. 

1.6. Levocetirizine and montelukast safety/quality of life 

Montelukast has been safely and extensively used throughout the 
world since 1998. In certain patient populations, particularly children, 
are reports of an increase incidence of neuropsychiatric events (NAE). As 
such, FDA issued a black box warning in the Spring of 2020 pertaining to 
use in allergic rhinitis. However, observational studies, including the 
FDA’s own Sentinel study which examined asthma patients 6 years and 
older [30], found no increased risk of mental health side effects with 
montelukast compared to inhaled corticosteroids (ICS). Moreover, in 

those with a psychiatric history, montelukast patients exhibited a 
decreased risk of outpatient depression compared to ICS patients; 
additional data found no statistical association (inpatient depressive 
disorder and self-harm) between montelukast and serious NAEs, across 
age, sex, and time strata [35]. The absence of adverse outcomes was 
consistent with results from clinical trials and well-conducted observa
tional studies [36–38]. In their conclusion, from the totality of the 
observational evidence, including well-conducted observational studies, 
montelukast was not suggestive of a risk [35]. Prudence; however, 
dictates that patients considered for therapy undergo a mental health 
screening. 

Levocetirizine has also been used extensively across the globe 
beginning with a successful launch in Europe at the turn of the century. 
It remains the only antihistamine in the world to demonstrate improved 
quality of life across all treatment domains (Short Form Health 
Survey− 36 (SF-36); p < 0.001) in a series of 421 patients with allergy/ 
asthma treated for six months [39]. The SF-36 addresses multiple do
mains: physical functioning, role limitation to due physical health, 
bodily pain, social functioning, general mental health, role limitation 
due to emotional problems, vitality/fatigue, and general health 
perception. 

The two molecules are titratable, i.e., levocetirizine from 5 mg to 20 
mg/day and montelukast from 10 mg to 40 mg/day and are underscored 
by millions of days of patient use. In the United States, both are 
considered Pregnancy Category B (dosed once daily – levocetirizine 5 
mg; montelukast 10 mg). In the context of treating a potentially life- 
threatening infectious disease, the combination appears remarkably 
suited as a therapeutic in the COVID-19 treatment paradigm. 

Fig. 1. Proposed Mechanism of Action of the Combination of Levocetirizine and Montelukast - NF-kB as a family of transcription factors plays a critical role in 
mediating responses to a remarkable diversity of external stimuli, inflammation, cell survival, and cell death (www.bu.edu/nf-kb). NF-kB is found throughout the 
animal kingdom - a master regulator of the inflammatory response; Fig. 1: Steroid Pathway - Adapted by permission [1]. 
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2. Materials and methods 

2.1. Data collection and analysis 

Machelle Wilchesky, PhD, McGill University, Lead Investigator for a 
COVID-19 Symptom Montelukast Trial, provided the research frame
work for the pilot data and its release here. All patients were screened 
for psychological conditions using the Patient Health Questionnaire-4 

(PHQ-4) [40]. Patients testing (+) for COVD-19 within the clinical 
practice or hospital and subsequently referred to Holly Gallivan, MD, 
MPH, FACS, FAAOA by another provider, were sequentially seen and 
treated with the combination of levocetirizine and montelukast. All 
patients were accepted for treatment regardless of presenting symptoms; 
no patients were excluded due to underlying comorbidities. Follow-up 
consisted of a minimum six-month period. 

Table 2 
Clinical overview, symptoms, and comorbidities in 53 COVID-19 (+) patients.    

Clinical Overview Symptoms Comorbidities 

Sex Age Outcome (cured, still symptomatic, 
still very ill, deceased) 

Initial severity 
of symptoms 
(mild 
moderate 
severe) 

Cough Thoracic 
Tightness 

Fever Loss of 
smell 
taste 

Headache Obesity Diabetes Hypertension     

(Y/N) (Y/N) (Y/ 
N) 

(Y/N) (Y/N) (Y/N) (Y/N) (Y/N) 

M 54 CURE MOD  Y Y Y  N  N  Y  N  Y 
M 69 CURE MILD  Y Y Y  N  Y  N  N  N 
M 58 CURE MOD  Y N Y  N  N  N  N  Y 
M 63 CURE MOD  Y Y Y  N    Y  N  Y 
M 62 CURE MOD  Y N Y  N    Y  N  Y 
F 47 CURE MILD  N N Y  Y  N  N  N  N 
F 24 CURE MILD  Y N N  N  Y  N  N  N 
F 40 CURE MILD  N N N  N  Y  N  N  N 
F 56 CURE MILD  Y Y Y  N  Y  N  N  N 
F 73 FATIGUE MILD  Y N Y  Y  Y  N  N  N 
M 31 CURE MILD  N N N  Y  N  N  N  N 
M 44 CURE MOD  Y N N  N  N  N  N  N 
M 40 PARTIAL SMELL MOD  Y Y Y  Y  Y  Y  N  N 
M 61 CURE MILD  Y N Y  Y  N  Y  N  Y 
F 52 CURE MILD  N N N  Y  N  N  N  N 
M 87 CURE MOD  Y N Y      N  N  Y 
F 51 CURE MILD  N Y Y  N  N  N  N  N 
F 60 CURE MILD  Y N Y  N  N  N  N  N 
F 64 CURE MILD  Y Y Y  N  Y  Y  N  N 
M 70 CURE MILD  Y Y Y  N  N  Y  Y  Y 
F 18 CURE MILD  Y N N  N  N  N  N  N 
M 80 CURE MOD  Y N Y  N  Y  Y  N  Y 
M 83 CURE MILD  N N N  N  N  Y  Y  Y 
M 47 CURE MILD  N N N  Y  N  N  N  N 
F 41 CURE MILD  N N N  Y  N  N  N  N 
M 71 CURE MOD  Y Y Y  N  Y  Y  N  Y 
F 80 FATIGUE MOD  Y N y  N  Y  Y  Y  Y 
F 17 CURE MILD  N N N  N  N  N  N  N 
F 50 CURE MILD  Y Y N  Y  N  N  N  N 
M 32 CURE MOD  Y Y Y  N  Y  Y  Y  Y 
F 55 CURE SEVERE Y Y Y  N  N  Y  N  Y 
F 66 CURE MILD  Y Y Y  N  N  N  N  N 
F 73 CURE MILD  Y N Y  N  Y  Y  Y  Y 
F 70 CURE MILD  Y N Y  N  N  Y  Y  Y 
M 23 CURE MOD  Y Y Y  N  Y  N  N  N 
F 75 CURE MOD  Y Y Y  Y  Y  Y  N  Y 
F 75 CURE MOD  Y Y Y  N  Y  Y  N  Y 
M 89 CURE MOD  Y N Y  N  Y  N  Y  Y 
M 21 CURE MILD  Y N Y  N  Y  Y  N  N 
F 69 CURE SEVERE Y Y Y  N  Y  Y  Y  Y 
F 67 CURE MILD  N N N  Y  N  N  Y  Y 
M 55 CURE MILD  Y N N  N  Y  Y  Y  Y 
M 58 POLYPS MOD  Y Y Y  Y  Y  N  N  Y 
F 22 CURE MILD  N N N  Y  Y  Y  N  N 
F 21 CURE MILD  Y N Y  Y  Y  N  N  N 
F 55 CURE MILD  Y Y N  Y  N  N  N  N 
F 26 CURE MILD  Y Y N  N  N  N  N  N 
F 56 CURE MILD  N N N  N  N  N  N  N 
F 90 CURE MOD  Y Y Y  N  Y  Y  N  Y 
F 83 CURE MILD  Y N Y  N  N  N  N  Y 
F 29 CURE MILD  Y N Y  N  N  N  N  N 
F 23 CURE MILD  Y N Y  N  Y  N  N  N 
F 3 CURE MILD  N N N  N  Y  N  N  N 
N ¼ 53     Data Summary            

MOD 17 Y 40 Y 21 Y 35 Y 15 Y 25 Y 22 Y 10 Y 24 
M 21  MILD 34 N 13 N 32 N 18 N 37 N 25 N 31 N 43 N 29 
F 32  SEVERE 2               
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3. Results 

A descriptive analysis of 53 COVID-19 (+) patients from a well- 
established single-center otolaryngology and allergy practice is pre
sented in Table 2. The pilot study in Massachusetts encompassed the first 
COVID-19 wave which peaked on April 23, 2020 as well as the 
ascending portion of the second wave in the fall. During this period the 
average weekly COVID-19 case mortality rate (confirmed deaths/ 
confirmed cases) varied considerably between 1 and 7.5% [37]. Among 
the patient population were 32 females and 21 males. The mean age 
among males was 55 and females, 51. Fifteen patients (28%) were be
tween the ages of 66 and 90; 11 patients (21%) were under 30. Thirty- 
four cases were considered mild (64%), 17 moderate (32%), and 2 (4%) 
severe. Moderate was defined as shortness of breath (difficulty breath
ing) with or without any of the other symptom of mild COVID-19. 
Clinical signs suggestive of moderate illness with COVID-19 were 
defined as a respiratory rate ≥ 20 breaths per minute, saturation of 
oxygen (SpO2) > 93% on room air at sea level, and heart rate ≥ 90 beats 
per minute. In the 18 hospitalized patients (34%), therapy was initiated 
upon diagnosis. The 2 severe cases received remdesivir as well as levo
cetirizine and montelukast, the latter of which were initiated on hospital 
day 9. With the exception of one patient with nasal polyps, steroids were 
not part of the treatment paradigm. In addition, no patient received 
monoclonal antibodies. Within the combined outpatient and inpatient 
cohort, 22 were considered obese (BMI > 30, 41%), 10 had diabetes 
(19%) and 24 had hypertension (45%). During the course of the illness 
66% had a fever (n = 35; >100.4 ◦F, 38 ◦C), 50% had a headache (n =
25/50) and 29% had loss of the sense of smell/taste (n = 15/52). Fifty- 
one of 53 patients were considered a clinical cure on therapy with 
restoration of their overall status to a pre-infection baseline within 2 
weeks. Two patients, ages 73 and 80, continued to complain of fatigue 
for a period of time post discontinuation of therapy. The 73-year-old 
male diagnosed in March 2020, improved in 10 days although 
continued to exhibit a dry cough for months. The 80-year male, post 
subdural hematoma with a neurological deficit, was diagnosed in the 
hospital on day 3; however, did well and also recovered from the virus 
on combination therapy. Importantly, most patients treated with co- 
administration of levocetirizine and montelukast had symptom resolu
tion within 7 days. Subjects with symptom resolution after 7 days 
typically had comorbidities that required a longer treatment period. 
Notably, there were no comorbidity exclusions, no intubations, no 
deaths, and no reported treatment-related safety findings. In addition, 
no one in the study exhibited ‘Long COVID’ symptoms greater than three 
months. 

4. Discussion 

To investigate patient outcomes, 53 consecutive COVID-19 test (+) 
cases (ages 3–90) from a well-established, single-center practice in 
Boston, Massachusetts, between March – November 2020, were treated 
with levocetirizine and montelukast in addition to then existing pro
tocols [2]. In review, thirty-four patients (64%) were considered mild, 
17 (32%) moderate, and 2 (4%) severe. The 2 severe hospital cases also 
received remdesivir. One patient with nasal polyps received steroids and 
no one received monoclonal antibodies. No patient progressed to intu
bation or death. Many allergy and asthma patients had co-existing 
morbidities including obesity, diabetes and hypertension, which 
increased their risk for major complications associated with COVID-19, 
yet notably recovered well from the virus. Early treatment, particularly 
in younger patients, enhanced the clinical response, with resolution of 
headache and fever within the first 48 hours following initiation of 
therapy. Analyzed collectively, the data support improved patient out
comes for those treated with the combination of levocetirizine and 
montelukast over patients who were either left untreated or treated with 
the then existing protocols. Most patients treated with co-administration 
of levocetirizine and montelukast experienced symptom resolution 

within 7 days versus 10–14 days or longer reported by untreated 
symptomatic patients [2]. These data suggest the combination therapy, 
underscored by their uniquely synergistic mechanisms of action, con
tributes to symptom relief for patients testing positive for COVID-19. 
The data also suggest the two drugs can be safely co-administered in 
COVID-19 patients over a wide age range (3–90), even those with sig
nificant comorbidities. 

Early in the pilot study levocetirizine was used interchangeably with 
cetirizine; however, the paradigm was subsequently refined to include 
only levocetirizine with montelukast. Cetirizine exists as a racemic 
mixture of levocetirizine [(R)-enantiomer] and dextrocetirizine [(S)- 
enantiomer]. The S-enantiomer is tenfold less active than levocetirizine 
and competes with the H1 receptor to defeat the otherwise clinically 
remarkable and titratable properties associated with the R-enantiomer. 
Levocetirizine has twice the affinity of cetirizine for the H1 receptor 
[10,26,50]. 

4.1. Dosing 

The current study utilized commercially available products and the 
respective adult doses for the treatment of allergy and asthma, i.e., 
levocetirizine 5 mg and montelukast 10 mg orally, once a day. In gen
eral, therapy was continued for 14 days. The three-year-old pediatric 
patient was treated with levocetirizine 1.25 mg and montelukast 4 mg 
daily, also for 14 days. Patients with significant comorbidity were 
treated for thirty days or longer, depending upon their underlying di
agnoses (e.g., asthma, allergy, nasal polyps, etc.). Clinical experience 
with the treatment of COVID-19 outside the pilot study as well as 
treatment of multiple other inflammatory disease states (e.g., sepsis, 
traumatic brain injury, traumatic lung injury, vasculitis) over the past 
10 years, suggests a potentially higher, yet safe dosing regimen may 
foreshorten the nature and extent of the COVID-19 presentation, 
particularly if therapy is initiated early (within 5 days of the onset of 
symptoms/diagnosis). Such patients are less likely to progress to pneu
monia or require hospitalization, parameters which have been defined 
in the Phase 2 trial design. 

4.2. Decreased potential for a drug-drug interaction 

Levocetirizine and montelukast are characterized in part by different 
metabolic pathways which significantly decreases the potential for a 
drug-drug interaction. The extent of metabolism of levocetirizine in 
humans is less than 14% with 77% excreted unchanged through the 
kidney. The minimal biotransformation of levocetirizine in the liver is 
low and likely of no clinical relevance [51]. As such, differences 
resulting from genetic polymorphisms or the concomitant intake of 
hepatic drug metabolizing enzyme inhibitors are expected to be negli
gible [41]. Separately, montelukast is predominantly metabolized 
through the relatively minor CYP450 2C8 pathway and excreted in the 
bile [46]. Metabolic interaction of levocetirizine with montelukast or 
other extensively transformed drugs is unlikely. 

4.3. Limitations and strengths of the pilot study 

Limitations of the pilot study include the absence of a placebo arm, 
respectfully considered within the ethical constraints of the underlying 
disease. Regarding statistics, data was collected from March – November 
2020, a period in time when there was insufficient testing, potentially 
inflating the treatment effect. Without controls, the extent of this effect 
is difficult to quantify. Further study is warranted. 

Strengths include the mitigation of symptoms, particularly given the 
intrinsic mechanism of action of montelukast, inter alia, its ability to 
improve breathing. Moreover, treatment was offered to all patients 
regardless of age, comorbidities, and time from presentation of symp
toms to time to the initiation of therapy. FDA accepted the initial data as 
positive proof of concept, suggested, and subsequently approved a 

B.C. May and K.H. Gallivan                                                                                                                                                                                                                 



International Immunopharmacology 103 (2022) 108412

6

multicenter, randomized, placebo-controlled, Phase 2 clinical trial 
design, replete with electronic diaries and laboratory metrics to explore 
scientific questions not addressed herein. 

4.4. Conclusion 

Presently, one cornerstone in the COVID-19 treatment paradigm lies 
in the effective attenuation of inflammation elicited by the virus. Lev
ocetirizine and montelukast, unlike many single target therapeutics, 
safely attenuate not only histamine and leukotriene D4, respectively, but 
also synergistically mitigate inflammation across a spectrum of signaling 
proteins, cell adhesion molecules, and leucocytes: NF-kB, ICAM-1, 
VCAM-1, IL-4, IL-6, IL-8, RANTES, GM-CSF, TLR-3, AP-1, and eosinophil 
and neutrophil quantity and migration. Moreover, both molecules in the 
United States are considered Pregnancy Category B and underscored by 
millions of days of patient use (montelukast, 1998 FDA approval; levo
cetirizine, 2007 FDA approval). 

As new COVID variants evolve in a global environment, one of many 
attributes of the repurposed combination lies in the ability to target 
cellular protein activity in contrast to viral proteins, an effect not likely 
to be negated by mutations in the virus genome. Levocetirizine and 
montelukast appear to offer a significant addition to the treatment of 
COVID-19, effectively mitigating symptoms without creating concurrent 
host toxicity. Cumulative data to date suggests the uniquely synergistic 
combination may reduce the progression and duration as well as pre
vent/treat many of the aspects of ‘Long COVID,’ thereby cost-effectively 
reducing both the morbidity and mortality associated with the disease. 
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