
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​​​​t​p​:​/​/​c​r​e​​a​​​t​i​
v​e​​c​​o​​m​​m​​o​n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​​

Valerio-Pascua et al. BMC Infectious Diseases         (2024) 24:1348 
https://doi.org/10.1186/s12879-024-10211-8

BMC Infectious Diseases

*Correspondence:
Franck F. Rahaghi
RAHAGHF@ccf.org

Full list of author information is available at the end of the article

Abstract
Background  The World Health Organization (WHO) declared the end of the COVID-19 (SARS-CoV-2) global public 
health emergency on May 5, 2023, but its long-term consequences have still been haunting the global population. 
Post-acute sequelae of COVID-19 (PASC) and long-term COVID-19 are serious concerns and present with various 
symptoms. Intranasal chlorpheniramine (iCPM) has been shown to decrease the viral burden of SARS-COV-2. 
iCPM uses decreased COVID-19 disease progression and severity in Accelerating COVID-19 Clinical Recovery in an 
Outpatient Setting (ACROSS)-I & III randomized control trials (RCT).

Methods  This prospective survey study included 259 participants in ACROSS I and III RCTs. We compared the effect 
of iCPM versus placebo on the reduction of PASC symptoms. A PASC questionnaire containing 17 questions regarding 
the most common PASC symptoms was used in this study. T-test and Pearson chi-square statistics were performed 
according to continuous and categorical data using STATA 17.0 Basic Edition software.

Findings  The iCPM cohort had a lower proportion of patients with fatigue or tiredness vs. placebo (0 Vs 17, 21, 
p < 0.001). iCPM cohort had a lower proportion of patients with difficulty concentrating or mental confusion (0 vs. 22, 
27, p < 0.001). iCPM cohort had also a lower number of patients with difficulty in the ability to perform daily activities 
or work vs. placebo (1 Vs 38, 48, p < 0.001). A smaller number of patients in the iCPM cohort sought medical attention 
for PACS symptoms compared to placebo (0 vs. 48, 68, p < 0.001).

Interpretation  The use of intranasal chlorpheniramine shows promise in preventing COVID-19 progression to the 
often-debilitating post-COVID-19 syndrome PASC. The association between iCPM use and a lower prevalence of PASC 
symptoms is strong. Further studies are needed to establish the role of ICPM in preventing PASC.
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Introduction
As the COVID-19 pandemic’s first wave slowed down, 
individuals believed to be at low risk for severe COVID-
19, such as young individuals with few or no comorbidi-
ties, began to experience vague but tenacious symptoms 
after contracting COVID-19. This group commonly was 
referred to as “COVID Long Haulers” and alluded to the 
experience as “Long COVID” in these same social media 
circles [1]. Despite often not displaying even moderate 
symptoms of the disease, these healthy young people 
suddenly found themselves dealing with a wide variety 
of confounding symptomatology related to this newly 
identified disorder [1, 2]. The medical profession eventu-
ally renamed and officially recognized this combination 
of persisting symptomatology as Post-Acute Sequelae 
of COVID-19 (PASC), Post-Acute COVID Syndrome, 
or Post-COVID-19 Condition in some circles. PASC, by 
definition, occurs when at least one recognized symptom 
persists for 4–12 weeks following a confirmed or prob-
able diagnosis of COVID-19 [3]. More than 100 unique 
symptoms have been documented for this disorder. 
Symptoms fall into four basic categories: cardiovascular 
[4], respiratory [5], somatic [6], and neuropsychiatric. 
Some patients have documented symptoms for as long as 
two years after their initial SARS-CoV-2 infection.

The existence of PASC was initially met with consid-
erable debate and discussion in academic circles [7, 8]. 

However, by mid-2023, its global existence was univer-
sally accepted. Reports regarding the significant impact 
of PASC came from all continents, spanning various eth-
nicities in both developed and underdeveloped countries 
with different healthcare systems [9].

Chlorpheniramine, an older first-generation anti-
histamine that has been utilized for over five decades, 
has been shown to exhibit a notable decrease in the 
viral burden of SARS-COV-2 when administered via 
the nasal route and resulted in an essentially undetect-
able viral load [10]. These findings brought attention to 
chlorpheniramine as a potential drug to be repurposed 
for possible use as an antiviral. Initially released in the 
late 1940s through ACCROS trials [11], early outpatient 
use of intranasal chlorpheniramine was found to hinder 
COVID-19 disease progression and severity.

The purpose of this study was to determine the effec-
tiveness of intranasal chlorpheniramine maleate (iCPM) 
in reducing the long-term symptoms of SARS-CoV-2 
infection and the Post-Acute Sequelae of COVID-19 
(PASC). This was accomplished using a 17-question sur-
vey administered after participation in the ACCROS I 
and ACCROS III studies to assess the presence of PASC 
symptoms (Table 1).

Methods
Study design
We conducted this prospective cohort study on patients 
enrolled in ACROSS I and ACROSS III double-blinded 
placebo-controlled randomized clinical trials. All partici-
pants included in the study were confirmed positive for 
SARS-CoV-2 through reverse transcription polymerase 
chain reaction (RT-PCR) testing of nasopharyngeal 
swabs. Patients were eligible for the study if they had a 
laboratory-confirmed COVID-19 diagnosis. Quantitative 
RT-PCR was performed to measure viral loads (viremic 
titers) in a subset of patients at baseline, though these 
data were not available for all participants.

Upon enrollment, patients were assessed for COVID-
19 severity and the presence of COVID-19-related pneu-
monia. For those presenting with respiratory symptoms, 
pneumonia severity was classified based on clinical cri-
teria, including oxygen saturation levels, respiratory 
rate, and radiographic findings. Severity stages were 
defined as follows: mild pneumonia, characterized by an 
oxygen saturation (SpO₂) of ≥ 94% on room air, requir-
ing no additional respiratory support; moderate pneu-
monia, with SpO₂ between 90% and 94%, necessitating 
low-flow supplemental oxygen; and severe pneumonia, 
indicated by an SpO₂ <90%, requiring high-flow oxygen 
or mechanical ventilation. The number of patients diag-
nosed at each severity level was documented to provide 
a comprehensive view of the disease spectrum within 
the cohort, allowing for a detailed assessment of baseline 

Table 1  PACS questionnaire
Questions

1 Have you previously tested positive for COVID-19? Yes No
2 Have you fully recovered from your COVID-19 illness? Yes No
Are you currently experiencing any of the following
3 Fatigue or tiredness that persists even after rest or 

sleep?
Yes No

4 Difficulty breathing or shortness of breath? Yes No
5 Pain or pressure in the chest? Yes No
6 Joint or muscle pain? Yes No
7 Headaches? Yes No
8 Difficulty concentrating or mental confusion? Yes No
9 Loss of taste or smell? Yes No
10 Digestive problems such as nausea, vomiting, or 

diarrhea?
Yes No

11 Skin rashes or lesions? Yes No
12 Mood changes such as depression, anxiety, or 

irritability?
Yes No

13 If you answered yes to any of the above 
symptoms, how long have you been 
experiencing these symptoms?

< 1wk 1–3 
wk

3–6 
wk

> 6 
wk

14 Have these symptoms affected your ability to perform 
daily activities or work?

Yes No

15 Have you sought medical attention for these 
symptoms?

Yes No

16 Have you received any treatment for these symptoms? Yes No
17 Is there anything else you would like to share about 

your symptoms or experience with COVID-19?
Yes No
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characteristics that could influence post-acute sequelae 
of COVID-19 (PASC) outcomes.

Treatment choices were stratified according to COVID-
19 severity to provide standardized care across different 
levels of disease burden. Patients with mild to moderate 
COVID-19 symptoms were generally treated with the 
oral antiviral Nirmatrelvir–Ritonavir (Paxlovid), admin-
istered at a dosage of 300  mg nirmatrelvir with 100  mg 
ritonavir, taken twice daily for five days. This antiviral was 
prescribed if initiated within five days of symptom onset, 
primarily for patients who did not require hospitalization 
or advanced respiratory support. In contrast, patients 
diagnosed with severe COVID-19-related pneumonia 
who were at high risk of disease progression were treated 
with Remdesivir. This antiviral was administered intrave-
nously, beginning with a 200 mg loading dose on the first 
day, followed by 100 mg daily for up to five days, in align-
ment with standard care guidelines for patients requiring 
supplemental oxygen.

Participants were enrolled in the study immediately 
after a confirmed diagnosis of COVID-19 via RT-PCR or 
antigen test. In ACROSS I, enrollment took place as soon 
as the COVID-19 diagnosis was confirmed, and the same 
approach was followed in ACROSS III.

This rapid enrollment timing may have influenced the 
onset and severity of PASC symptoms, as some studies 
suggest that earlier intervention could mitigate long-term 
sequelae. The ACROSS I and ACROSS III trials were 
designed to study the effect of intranasally administered 
Chlorpheniramine Maleate (iCPM) on the rate of clinical 
recovery in coronavirus disease 2019 (COVID-19).

RCT registries were created using 1:1 randomization 
using computer-generated sets of random allocation. 
ACROSS I had 101 patients enrolled from Dec 2021 to 
March 2022 predominantly infected with the Delta vari-
ant of SARS-CoV-2, and ACROSS III had 158 patients 
randomized from July 2022 to January 2023 that were 
mostly affected by the Omicron variant, as documented 
by local health authorities and sequencing data at the 
time. We used the same cohort for this study to deter-
mine the effectiveness of iCPM in reducing the symp-
toms of long-term COVID 19 also known as post-acute 
COVID-19 syndrome (PACS). Patients were called 
over the phone and were asked 17 questions post-acute 
COVID-19 syndrome surveys in March and April 2023, 
12–13 months after ACROSS I and 2–3 months after 
ACROSS III (see Table 1).

Informed consent
Written informed consent was obtained from all par-
ticipants prior to their enrollment in the study. In cases 
where verbal consent was obtained due to remote con-
tact (e.g., phone surveys), it was thoroughly documented 
and witnessed by study personnel. No waivers of consent 

were requested or provided by the ethics committee. The 
study was approved by the IRB of the Ethics Committee 
of Investigation of Infectious and Zoonotic Disease at the 
Universidad Nacional Autónoma de Honduras (Fig. 1).

Inclusion and exclusion criteria
The inclusion criteria were adults aged ≥ 18 to ≤ 65 years 
of either sex, positive reverse transcriptase-polymerase 
chain reaction (RT-PCR) test or Rapid Antigen for SARS-
CoV-2 in nasopharyngeal or oropharyngeal swabs, and 
mild to moderate COVID 19 infection (ranging from 
asymptomatic to symptoms of cough and fever, but with 
no oxygen desaturation (room air < 92%). Exclusion crite-
ria included age < 18 years, hospitalized patients, patients 
with more than seven days of symptoms, and more than 
five days since COVID-19 was confirmed by a nasopha-
ryngeal PCR test, hypoxemia (room air SpO2 < 92% plus 
severe polypnea), hospitalized patients, subjects with 
known hypersensitivity to CPM and any of the inactive 
ingredients, subjects receiving therapy with monoamine 
oxidase inhibitors (MAOIs; rasagiline, selegiline, isocar-
bonboxasid, phenelzine, and tranylcypromine), and those 
with narrow-angle glaucoma, urinary retention, sleep 
apnea, immunodeficiency, or receiving immunosuppres-
sive therapy. Exclusion criteria included acute exacerba-
tion of severe comorbidities such as chronic obstructive 
pulmonary disease (COPD), class 3 or 4 heart failure, a 
surgical procedure in the past 12 weeks, inability to pro-
vide informed consent or refuse or renounce adherence, 
QT interval less than 300 ms or more than 500 ms, and 
clinically significant arrhythmia or severe coronary artery 
disease.

Intervention
COVID-19 patients were assigned to either a 10-day 
iCPM treatment or placebo (PLB). The intervention 
group in ACCROS I received two spray doses in each 
nostril (100 µL of the solution per nostril) three times 
a day using a 1.0% iCPM solution (for the active drug 
group). The total daily dose from the CPM was 12  mg/
day, approximately half (1/2) of the daily maximum 
recommended oral dose (24  mg). ACCROS III had a 
similar interval dosing, except that a lower dose of 0.4% 
iCPM solution was used instead of 1% iCPM solution in 
ACROSS I. Both groups were treated using standard-of-
care medicines for early management of SARS-CoV-2.

All participants diagnosed with COVID-19 received 
a standardized treatment protocol based on prevail-
ing clinical guidelines to manage symptoms and prevent 
progression to severe disease. The primary antiviral used 
was Nirmatrelvir–Ritonavir (Paxlovid), administered at 
300  mg nirmatrelvir (two 150  mg tablets) with 100  mg 
ritonavir, taken twice daily for five days. For patients 
at high risk of severe outcomes, monoclonal antibody 
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therapy (such as bebtelovimab) was provided as a single 
175  mg intravenous (IV) infusion, when available. In 
cases requiring supplemental oxygen, dexamethasone 
was given at 6 mg daily for up to 10 days. To manage fever 
and body aches, nonsteroidal anti-inflammatory drugs 
(NSAIDs), typically ibuprofen (200–400 mg every 6–8 h 
as needed), were administered. For patients exhibiting 
elevated inflammatory markers or cytokine storm symp-
toms, anti-cytokine drugs such as tocilizumab (8  mg/
kg IV, up to 800 mg) or baricitinib (4 mg orally daily for 
up to 14 days) were used selectively. While standard-
ized, treatments varied in use and timing based on clini-
cal updates, patient severity, and medication availability 

during the study period.For more information, please 
refer to ACROSS I and ACROSS III trials [11].

Survey and statistical analysis
A Post-COVID Syndrome Screening questionnaire (Ver-
sion 0.28) was used for this prospective study. This ques-
tionnaire comprised 17 questions and was administered 
over the phone (see Table 1). The questionnaire included 
the most reported symptoms of long-COVID to assess 
the presence of post-COVID symptoms. All except one 
question were dichotomous (yes or no questions). Ques-
tion 17 allowed the participants to comment further on 
their symptoms [12]. Our null hypothesis was that there 
was no significant difference in long-COVID symptoms 

Fig. 1  Study flow chart
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between patients who received iCPM versus Placebo in 
ACROSS I and ACROSS III trials respectively. For statis-
tical analysis, we used STATA 17.0 BE edition (StataCorp 
LLC). We used the t-test statistics for the mean compari-
son of continuous/integral variables. Pearson Chi-square 
testing was used for categorical data.

Results
In total, 259 participants were enrolled in this prospec-
tive cohort study (see Table 2). 101 patients were enrolled 
in the ACROSS I patient registry and 158 patients were 
enrolled in the ACROSS III patient registry. Participants 
in ACCROS I were randomized to 1% iCPM (n = 55) vs. 
placebo (n = 46), whereas ACROSS III participants were 
randomized to 0.4% iCPM (n = 84) vs. placebo (n = 74). In 
total, 139 patients were surveyed in the iCPM group and 
120 patients were surveyed in the placebo group. There 
was no significant difference in the mean age between 
the intranasal CPM cohort and the placebo cohort (51 
vs. 50 years, p = 0.72). There was no significant differ-
ence in the sex proportion among patients receiving 
intranasal CPM versus placebo (0.27, p = 0.59). More 
than 99% of patients in both iCPM and placebo groups 
were vaccinated, with no significant differences in vac-
cination status or the number of vaccine doses between 
the two groups (p = 0.94). The majority of patients (95%) 
received two or more doses of a COVID-19 vaccine. We 
conducted subgroup analyses to explore whether vac-
cination timing or dose number influenced PASC out-
comes; no significant differences were found between 
those who were vaccinated pre-infection versus post-
infection. Similarly, there was no significant difference 
in vaccination status between the two groups (greater 
than 99% of patients were vaccinated in both groups). 
There was no difference in the number of vaccine doses 
between the iCPM and placebo groups (1.21, p = 0.94), 
and more than 95% of patients received two or more 

vaccine doses. In addition, there was no statistical differ-
ence between the two groups regarding the mean num-
ber of days of intervention (11 vs. 11 days, p = 0.61). The 
rest of the baseline variables, including Asthma, COPD, 
Diabetes, Sleep Apnea, Rhinitis, Sinusitis, Polyps, AHT, 
and smoking status, also did not differ significantly. In 
the subgroup analysis, the mean age of the patients in the 
ACROSS I group was 46 years, with no significant differ-
ence between the 1% iCPM and placebo groups (45 vs. 
48 years, p = 0.37). The mean age of the patients in the 
ACROSS III group was 53 years, with no significant dif-
ference between the 0.4% iCPM and placebo groups (55 
vs. 51 years, p = 0.28). In addition, there was no sex differ-
ence between the iCPM and placebo groups within indi-
vidual ACROSS I and ACROSS III registries, suggesting 
good randomization.

Among PACS symptoms, the iCPM cohort had a sig-
nificantly lower proportion of patients with fatigue or 
tiredness (that persisted even after rest or sleep) vs. 
placebo (0 out of 139 vs. 17 out of 120, 21, p < 0.001). 
Joint or muscle pain did not differ significantly between 
the iCPM and placebo groups (0 out of 139 vs. 3 out of 
120, 3.5, p = 0.06). The detailed results and comparative 
analysis of these clinical outcomes are visually repre-
sented in Fig.  2. Headaches were significantly less com-
mon in the iCPM cohort than in the placebo group (1 of 
139 vs. 37 of 120, 46, p < 0.001). The iCPM cohort had a 
significantly lower proportion of patients with difficulty 
concentrating or mental confusion compared to the pla-
cebo (0 out of 139 vs. 22 out of 120, 27, p < 0.001). Loss 
of taste or smell was also significantly lower in the iCPM 
cohort than in the placebo group (0 of 139 vs. 7 of 120, 
8, p = 0.004). The iCPM cohort had a significantly lower 
number of patients with difficulty in performing daily 
activities or work than the placebo group (1 out of 139 vs. 
38 out of 120, 48, p < 0.001). A smaller number of patients 
in the iCPM cohort sought medical attention for PACS 

Table 2  Baseline characteristics
Trial dataset Across I Across III Combined

1% iCPM Placebo P value 0.4% iCPM Placebo P value iCPM Placebo P value
N (no of patients) 55 46 84 74 139 120
Mean Age (Yrs.) 45 48 0.37 55 51 0.28 51 50 0.727
Sex (M/F) 27/28 25/21 0.59 38/46 35/39 0.79 65/74 60/60 0.603
Vaccination status (%) 55 (100%) 45 (98%) 0.28 83 (99%) 74 (100%) 0.34 138 (99%) 119 (99%) 0.917
Asthma 0 2 0.12 4 6 0.37 4 8 0.140
COPD 0 1 0.28 4 1 0.23 4 2 0.525
Smoking History 2 3 0.51 3 4 0.58 5 7 0.393
Diabetes 6 5 0.99 9 10 0.57 15 15 0.651
Sleep Apnea 0 1 0.27 2 6 0.10 2 7 0.052
Rhinitis 5 2 0.35 8 6 0.76 13 8 0.430
Sinusitis 0 0 NA 1 1 0.91 1 1 0.912
Nasal Polyps 0 0 NA 0 1 0.28 0 1 0.279
AHT 17 13 0.78 23 26 0.27 40 39 0.488
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symptoms compared to placebo (0 out of 139 vs. 48 out 
of 120, 68, p < 0.001). However, the proportion of patients 
receiving any treatment for these symptoms did not sig-
nificantly differ between the iCPM and placebo groups (0 
of 139 vs. 3 of 120, 3.5, p = 0.06). A total of 86/120 (72%) 
patients in the placebo group had at least one symptom 
of PACS versus only one out of 139 (0.7%) in the iCPM 
group. This difference was statistically significant (145 
Cramer V 0.8, p < 0.001). The average composite scores of 
the PACS survey for the iCPM cohort were significantly 

lower than those of the placebo cohort (0.14 vs. 1.45, 
Difference − 1.44; 95 CI -1.63 to -1.25, p < 0.001). None 
of the patients reported difficulty breathing or short-
ness of breath, chest pain or pressure, digestive problems 
(nausea, vomiting, or diarrhea), skin rash or lesions, or 
mood changes (such as depression, anxiety, or irritabil-
ity) (Table 3). In the subgroup analysis, among ACCROS 
I patients, only 27 reported symptoms (26 in the placebo 
group and one in the iCPM group). Of the 26 patients 
in the placebo group, one patient had symptoms lasting 

Table 3  Results stratified according to ACROSS I and ACROSS III patient registries
Trial dataset Across I Across III Combined

1% 
iCPM

Placebo P value 0.4% 
iCPM

Placebo P value i CPM Placebo P 
value

N (no of patients) 55 46 84 74 139 120
Fatigue/Tiredness 0 4 0.026 0 13 < 0.001 0 17 < 0.001
Difficulty breathing or shortness of breath 0 0 NA 0 0 NA 0 0 NA
Pain or pressure in the chest 0 0 NA 0 0 NA 0 0 NA
Joint or muscle pain 0 0 NA 0 3 0.062 0 3 0.062
Headaches 1 9 0.003 0 28 < 0.001 1 37 < 0.001
Difficulty concentrating or mental confusion 0 13 < 0.001 0 9 0.001 0 22 < 0.001
Loss of taste or smell 0 0 NA 0 7 0.004 0 7 0.004
Digestive problems such as nausea, vomiting or diarrhea 0 0 NA 0 0 NA 0 0 NA
Skin rashes or lesions 0 0 NA 0 0 NA 0 0 NA
Mood changes such as depression, anxiety, or irritability 0 0 NA 0 0 NA 0 0 NA
Symptoms affected your ability to perform daily activities or 
work

1 25 < 0.001 0 13 < 0.001 1 38 < 0.001

Have you sought medical attention for these symptoms? 0 11 < 0.001 0 37 < 0.001 0 48 < 0.001
Have you received any treatment for these symptoms? 0 1 0.272 0 2 0.129 0 3 0.129
Average composite score 0.36 1.36 < 0.001 0 1.51 < 0.001 0.14 1.46 < 0.001

Fig. 2  Clinical outcomes, Placebo vs., iCPM
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less than 1 week, three had symptoms lasting between 
3–6 weeks and 22 had symptoms that lasted more than 
6 weeks. One patient in the iCPM group reported symp-
toms that lasted > 6 weeks. Among ACCROS III patients, 
60 reported symptoms in the placebo group. 38 had 
symptoms lasting between 3–6 weeks and 22 had symp-
toms for more than 6 weeks. Our findings indicate a 
strong association between iCPM use and reduced PASC 
symptoms. However, patients treated earlier in the dis-
ease course appeared to benefit more, with significantly 
fewer long-term sequelae. This suggests that early inter-
vention with iCPM may be crucial in mitigating PASC. 
Further research is needed to establish the optimal tim-
ing for iCPM administration to maximize its protective 
effects

Discussion
Post-acute sequelae of COVID-19 (PASC) is an addi-
tional condition that occurs when at least one symptom 
persists for 4 to 12 weeks after a confirmed or probable 
diagnosis of COVID-19 [13, 14]. The prevalence of PASC 
varies between 10% infected with the omicron variant 
and 63% among individuals with acute infection during 
the initial Sars-CoV2 variants [15, 16]. Certain groups 
such as older individuals, females, unvaccinated indi-
viduals, smokers, obese individuals, those with recurrent 
infections, preexisting comorbidities, and hospitalized 
patients have higher rates of PASC [17, 18]. In a recent 
systematic review, Wolff et al. revealed that pre-existing 
asthma measured in hospital-based populations and 
pre-existing rhinitis were significantly associated with 
increased Long-COVID incidences, they recommend 
further studies in this area [19].

Fatigue, memory loss, insomnia, and chronic muscu-
loskeletal pain are some of the most frequently reported 
symptoms associated with PASC. However, there are 
over a hundred different symptoms that have been 
described in post-COVID-19 cases which affect vari-
ous systems within the body [20]. It is worth noting that 
some patients continue to experience these symptoms 
more than two years after their initial infection [21]. The 
long-term consequences resulting from these debilitating 
sequelae associated with COVID-19 have had a profound 
impact on productivity and overall quality of life for 
affected individuals, as well as substantial ramifications 
on economies around the globe [22].

From a cellular point of view, mast cells and their pri-
mary molecule, histamine, play a large role in the inflam-
mation seen in severe acute COVID-19. Tan et al. [23] 
showed that levels of chymase, a well-known serum sur-
rogate indicating mast cell degranulation, were more 
significantly elevated in hospitalized patients than in 
community cases. Given these data, antihistamines 
such as chlorpheniramine could potentially mitigate the 

disease by blocking histamine and mast cell degranula-
tion. Inhaled CPM may act against SARS-CoV-2 through 
several different mechanisms: direct virucidal effects, 
inhibition of adsorption, and inhibition of viral repli-
cation [24, 25]. Chlorpheniramine maleate has been 
hypothesized to exert antiviral effects through its ability 
to block histamine release and inhibit mast cell degranu-
lation, which plays a role in the inflammatory response 
seen in viral infections [26, 27]. Studies have shown its 
virucidal activity against influenza and SARS-CoV-2 
in vitro, suggesting potential for broader antiviral use 
[28, 29]. However, further studies are needed to conclu-
sively establish its efficacy as an antiviral agent in clinical 
settings.

Chlorpheniramine is also a potent bitter taste receptor 
(T2R) agonist [26], and it may stimulate sinonasal innate 
immunity, triggering host defense mechanisms while 
blocking Ig-E-mediated mast cell activation and cyto-
kine expression. In addition, chlorpheniramine displays 
anticholinergic [27], bronchodilatory, and decongestant 
activities [28]. These actions may contribute to its effec-
tiveness in resolving COVID-19 and preventing PASC.

Two randomized clinical trials, known as the ACCROS 
trials, were conducted on mildly symptomatic COVID-
19 outpatients. These trials demonstrated that intranasal 
chlorpheniramine maleate (iCPM) was more effective 
than placebo in accelerating clinical recovery and reduc-
ing upper respiratory symptoms to less than three days, 
with conversion to negative SARS-CoV-2 PCR test 
results in four days [11, 29]. Here, our findings support 
those participants who received the Chlorpheniramine 
Nasal Spray had significantly fewer long-term post-
COVID symptoms. This suggests the potential benefit of 
CPM in preventing or reducing the occurrence of these 
symptoms.

This study was prospective in that the data were col-
lected in that manner. The initial premise of ACCROS 
studies was to assess the impact on acute disease and 
abating its symptoms. The patients remained blinded to 
the randomization at the time of the queries, favoring 
less-biased reporting. The callers were also blinded to 
patient status. The numbers are small, but the magnitude 
of the effect is such that this study merits close consider-
ation. Therefore, reproducing the results in randomized 
controlled trials should be a priority in the future. Given 
the high vaccination rate in both groups, it is possible 
that vaccination could have influenced the incidence or 
severity of PASC. However, our subgroup analysis did not 
reveal significant differences based on the number of vac-
cine doses or timing of vaccination relative to infection. 
Nevertheless, the potential confounding effect of vacci-
nation should be considered in future studies with larger 
cohorts and varying vaccination statuses.
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This study naturally has limitations. Though the data 
was collected prospectively, it was not part of the origi-
nal ACCROS trial design. The timing between initial 
COVID-19 diagnosis and iCPM treatment initiation var-
ied between patients, potentially influencing the mani-
festation of PASC. Patients treated closer to the onset of 
infection may have experienced fewer long-term symp-
toms compared to those treated later, as has been sug-
gested by previous studies of post-viral syndromes. This 
variability may partially explain the differences observed 
between the iCPM and placebo groups. The timing 
of calls after the original exposure was not unformed, 
though this issue was partly addressed by the random-
ized nature of the subjects surveyed, and their continued 
blinded status.

After some initial enthusiasm [30], most recent trials 
of antiviral medications to treat/prevent PACS have been 
unsuccessful. According to a study conducted on 191,057 
veterans who tested positive for SARS-CoV-2 between 
January and July 2022, nirmatrelvir–ritonavir (Paxlovid), 
an antiviral drug, did not show any significant difference 
in long-COVID rates between the group that took the 
drug and the group that did not. The study compared the 
outcomes of 9,593 non-hospitalized patients who were 
treated with Paxlovid with their untreated counterparts 
for 31 post-COVID conditions (PCCs) [31].

In this study, our primary objective was to evaluate the 
effectiveness of intranasal chlorpheniramine (iCPM) in 
mitigating post-acute sequelae of SARS-CoV-2 infection 
(PASC). We recognize, however, that some participants 
may have received various antiviral treatments during 
their initial COVID-19 infection. As antiviral adminis-
tration was not standardized across the cohort and was 
given at different points in the disease course, we did not 
account for antiviral effects as a baseline characteristic. 
This introduces potential variability in PASC outcomes, 
as the role of antivirals in influencing the develop-
ment or severity of PASC remains a topic of ongoing 
investigation.

Based on the findings of this trial, intranasal chlorphe-
niramine may increase recovery from COVID-19 and 
reduce global PASC rates through a simple and safe pro-
phylactic treatment, which has been proven to be cost-
effective. Unlike other medications used to reactively 
treat PASC, chlorpheniramine has very few medication 
interactions including those commonly used to treat 
COVID-19 and its symptoms. Also, unlike some of the 
medications used to treat PASC, iCPM does not require 
laboratory monitoring.

Conclusions
Our study provides strong evidence supporting the use 
of intranasal chlorpheniramine in reducing the incidence 
of PASC symptoms. Given chlorpheniramine’s paucity 

of medication interactions, its historically low cost, and 
its lack of deleterious effect on the kidneys and liver, the 
use of intranasal chlorpheniramine shows distinct prom-
ise in treating COVID-19 and preventing progression to 
the often-debilitating post-COVID-19 syndrome PASC. 
However, the timing of treatment initiation may signifi-
cantly influence these outcomes. Future studies should 
aim to investigate the optimal timing for iCPM admin-
istration to enhance its efficacy in preventing long-term 
sequelae of COVID-19.
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