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Abstract

The successful use of bromhexine hydrochloride (BRH) for COVID-19 prevention led us to apply the
same method for flu prevention. The goal of this study is to observe whether BRH could protect
people against influenza. This is non-interventional, observational, questionnaire-based survey.
General practitioners informed their patients to take BRH 8 mg twice per day for at least 3 weeks if
they want. The mean participant age was 58.9 years (95% CI: 57.4-60.5), with a median of 62 years,
indicating that the sample predominantly consisted of individuals over 60 years of age. The average
number of comorbidities was 0.98, and the mean duration of prophylactic use was 80 days (95% CI:
76.7-83.7). The reported influenza incidence within the sample was 10.6%. Influenza incidence
among individuals taking BRH prophylactically was significantly lower compared to national data
(36.15%). Longer use was associated with a modest reduction in risk. The number of comorbidities
remained the strongest predictor of influenza occurrence. Age had no significant impact among those
using BRH prophylactically. The model demonstrated good discriminative ability but limited
calibration, and the results should be interpreted cautiously.

Keywords: influenza; bromhexine hydrochloride; TMPRSS2; Covid-19

1. Introduction

Over the past 100 years the world has been ravaged by deadly influenza A/HIN1 (1918-1920)
and SARS-CoV-2 (2019-) virus pandemics, with death tolls respectively between 17-100 million [1]
and 7.1-36.5 million [2]. In addition, two other flu pandemics in the 20th century also claimed millions
of lives: 1957-1958 Influenza A/H2N2 pandemic between 1-4 million deaths [3] and 1968-1969 Hong
Kong Influenza A/H3N2 pandemic also between 1-4 million deaths [4].

In contrast to the great theoretical progress in unravelling the pathogenetic mechanisms of
influenza and COVID-19, there is currently no effective prevention and treatment for the
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complications of these diseases [5]. In addition to tens of millions of victims, these pandemics also
caused enormous financial losses to Humanity.

The best strategy would be to prevent the virus from entering the host cells. This is also the main
task of vaccines. For example, probably the biggest killer in human history, smallpox, disappeared
from the world's health map thanks to the vaccine. Unfortunately, for a number of reasons, vaccines
are not effective enough against either COVID-19 or the flu. COVID-19 vaccines do not appear to be
effective against secondary infection. What's more, significantly high number of vaccinated
individuals had a secondary encounter and subsequent infection with COVID-19 [6], which is
explained by their “high-risk” activities, such as avoiding social distancing, engaging in more-
frequent public activities [7].

Another approach is to block the entry of viruses into the cell by inhibiting the proteases
responsible for this.

Very interestingly, the main protease responsible for the penetration of SARS-CoV-2 and
Influenza is the same - the Transmembrane Protease Serine S1 subtype 2 (TMPRSS2), whose role in
these viruses is well established [5,8-15].

To be used prophylactically, a drug must have a favourable safety profile during extended use. BRH
is exactly like that! BRH, a well-known inhibitor of TMPRSS2, is derived from Vasicin, a plant-based active
ingredient and alkaloid that was developed from the Indian lung herb, Adhatoda vasica [16,17]. This
mucolytic cough suppressant, known since 1963, is inexpensive, over the counter, non-invasive, effective,
with proven safety, available globally, and well-tolerated. In addition, it has been shown to have anti-
inflammatory effects, thus reducing swelling and irritation in the respiratory tract [17-22].

We recently published case reports and data analysing 125 people who took BRH
prophylactically during the COVID-19 pandemic [18,22]. The effect of BRH is best when given
continuously for prophylaxis during peaks of contagion in the wave of COVID-19. Then the
probability of infection drops sharply, and if a disease does occur, it proceeds mildly. BRH is also
effective when given by inhalation for post-exposure prophylaxis. When COVID-19 manifests itself
clinically, the efficacy of BRH drops sharply because the virus is already in the cell. However, BRH
inhalations are useful because they limit the spread of the virus and have an anti-inflammatory and
possibly antiviral effect [18-22].

The successful use of BRH for COVID-19 prevention led us to apply the same method for flu
prevention. The goal of this study is to observe whether BRH could protect people against influenza.

2. Methods and Sample

This is non-interventional, observational, questionnaire-based survey. Information and
reasoning of the probable prophylactic effect of BRH against flu was presented in front the general
practitioners. Those who agreed to recommend it to their patients were approached. Physicians
informed their patients of the experimental study, advised on safety-profile, established an
individual treatment plan and duration, applied an informed consent form, scheduled follow-up. The
dosing was 2 tablets of 8 mg per day at least 3 weeks before the peak influenza season. Duration was
based on individual patient preference, and risk factors. The herbal nature of the medicine reassured
people, thus, enabling longer duration of BRH application.

Once the epidemic season subsided (measured as a significant decline in weekly reported cases
by the Regional Health Directorate), patients on BRH were asked to report to their physician on key
information such as incidence, number of infections, duration of BRH intake. From the patient’s
dossier we collected information about the respondents age and comorbidities.

Sample size calculation was based on reported prevalence of acute respiratory infections (ARI)
through the national portal for the year 2023 — P = 30%. Sample size formula used was (Z2x P(1-P))/A?
— with A (Margin of error) set at 5% and Z = 1.96 for a 95% Confidence interval. A total of 462
questionnaires were collected, of which 407 were valid for analysis. Fifty-five were excluded due to
missing data on influenza occurrence or on BRH dosage and duration.
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Demographic statistic and logistic regression analyses (enter method) were performed to
evaluate the respondents’ characteristics and predictive factors for influenza development.

3. Results

3.1. Demographic Analysis

The mean participant age was 58.9 years (95% CI: 57.4-60.5), with a median of 62 years,
indicating that the sample predominantly consisted of individuals over 60 years of age.
The average number of comorbidities was 0.98, and the mean duration of prophylactic use was 80
days (95% CI: 76.7-83.7).

The reported influenza incidence within the sample was 10.6%.

Table 1. Respondents’ demographics.

Age .I?ura}tion of Numbe.r of Self—I‘{eported
Utilization (Days) Comborbidities Incidence

Sample (n) 405 407 407 407
mean 58.96 80.2 - 098 10.6%
95% CI  57.413 - 60.503  76.667 -83.726 0.877-1.088 7.57% - 13.6%
Variance 250.30 1312.2962 1.1746 0.09472
Standard 0.7862 1.7956 0.05372 0.01526
error
Median 62000 9000 00 0000
95% CI 60.000 - 63.000 90.000 - 90.000 1.000 - 1.000 0.000 - 0.000
Minimum 6.000 5.000 0.000 0.000
Maximum 91.000 180.000 7.000 1.000

Several indicators show that the group is heterogenous with a slight prevalence of elderly. The
age range spans for 85 years, with a corresponding high variance, as well as the right-side skewness
of the sample (Figure 1.) Maximum number of comorbidities observed in a single patient were 7,
Subsequent analyses revealed 37 (9%) patients with 3 more comorbidities.
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Figure 1. Age distribution histogram of the cohort.
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3.2. Comparison with National Incidence

According to data from the National Centre for Infectious and Parasitic Diseases (NCIPD) [23],
for 2023, the combined incidence of acute respiratory infections and influenza was 36.15%, whereas
the annual influenza incidence in this pilot study was significantly lower (10.6%, p<0.0001).

Even assuming an influenza only incidence of 15% in the general population, the difference
remained statistically significant (p=0.0157). Sample and population monthly incidence were 1% and
1.62%, respectively.

These findings suggest a potential prophylactic effect of BRH against influenza infections,
despite the inherent limitations of the study.

3.3. Logistic Regression Analysis

Three variables were examined for their influence on influenza occurrence (Table 2):
- Duration of intake (days)
- Number of comorbidities
- Age
The model demonstrated good predictive performance (AUC=0.79).

Table 2. Logistic regression.

Area under the ROC curve (AUC) 0.786
Standard Error 0.0276
95% Confidence interval 0.743 to 0.825

Two significant predictors were identified (Table 3):

- Number of comorbidities — each additional comorbidity increased the risk of influenza by
approximately 92% (OR=1.92; 95% CI: 1.43-2.57; p<0.0001).

- Duration of intake — longer prophylactic use was associated with a slight but statistically significant
reduction in risk (OR=0.99; p=0.0378), equivalent to about a 1% lower risk for every 10 additional
days of use.

Age showed no independent effect on influenza risk, suggesting that among BRH users, age

does not play a significant role—a finding that contrasts with population-level data where age is a

known risk factor in the absence of prophylaxis.

Table 3. Predictors for influenza.

Variable Coefficient Std. Error P Odds ratio 95% CI
Duration (days) -0.0099329 0.0047816 0.0378 0.9901 0.98 - 0.994
Number of Comorbidities 0.65283 0.14889 <0.0001 1.9210 1.435-2.57
Age -0.0045412 0.012255 0.7110 0.9955 0.972-1.02
Constant -1.9259

The negative correlation for the duration was not influenced by the number of tablets per day,

3.4. Subgroup Analysis (Patients with 23 Comorbidities)

Among 37 patients with three or more comorbidities, influenza incidence was 21.6% vs 9.6% in
the sample with 2 or less comorbidities (p =0.04). Mean and median ages in this sample was 68.32,
and 63 years, respectively, confirming elderly with comorbidities are more susceptible to influenza.

Influenza rates in this subset were significantly lower than the combined incidence of
influenze+ARI in the population (difference 14.55%, p<0.0001), but no significance was observed for
the hypothetical incidence of influenza only at 15% in the general population.
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4. Discussion

Drug repurposing presents a well-established approach in identifying new uses for established
drugs [24,25]. Examples of successful repurposing efforts include methotrexate, valproic acid, aspirin
and even thalidomide [26]. Since this approach reduces the high financial burden, and failure rate
seen in traditional drug discovery, renewed efforts have been put into finding novel targets for
established products. From 2000 to 2018 a continuous growth in repurposing studies has been
reported [27], with the trend not subsiding. The COVID-19 pandemic acted as a catalyst for drug
repurposing due to the urgency with which new treatments were sought [28]. Although most
investigated treatments focused on systemic administration and effect, the lungs represent the
primary injury site, with cases of acute lung injury or acute respiratory distress syndrome being
observed in many COVID-19 cases [29]. This often-overlooked aspect of adjuvant treatment has led
to the inclusion of BRH (ambroxol-derivate of BRH) as a potential prophylactic agent, since it has
been shown to inhibit the TMPRSS2. TMPRSS2 has emerged as a key player in viral pathogenesis
[30], and a potential target for anti-influenza drug discovery [31]. However, drug repurposing studies
of TMPRSS2 inhibitors are few and far between, with the use of BRH in the outpatient setting being
very uncommon [32]. Most studies, focusing on the efficacy side of BRH limit the primary or
secondary endpoints to the symptomatic relief in patients with bronchitis, as evidenced in the public
assessment report [33].

It should not be surprising that prophylactic use has been vastly understudied, since a trial
design in such a setting is extremely challenging. Researchers need to account for risk factors,
potential issues in sample bias, patient-level factors such as adherence, as well as aim for a larger-
than-average sample size, due to the low incidences [34]. Retrospective and self-reported studies such
as ours attempt to fill the gap in knowledge, particularly in the absence of well-designed clinical trials,
despite the inherent limitations of such trials.

Convinced in the efficacy of this prophylactic approach, our study seems to validate our
hypothesis of the potential inhibitory effect of BRH for influenza in patients. Previous studies have
demonstrated conclusively the in-vitro efficacy [35,36], and despite being studied for COVID-19
[37,38] BRH's use in influenza has been overlooked [5].

SARS-CoV-2 and influenza viruses have very similar mechanism of cell penetration, clinical
presentations and they are likely to continue co-circulating in the foreseeable future [5,39]. After
binding to angiotensin-converting enzyme 2 (ACE2), which serves as a receptor for SARS-CoV-2, the
virus spike protein must be cleaved into 2 subunits - SARS-CoV-2-51, that binds to ACE2, and SARS-
CoV-2-S2, which medjiates fusion of the viral envelope and host cell membranes [40]. TMPRSS2 is the
main protease for proteolytic activation of SARS-CoV-2 [41].

For entering host lung cells IAV binds to a-2,6-Gal sialic acid or a—2,3-Gal sialic acid receptors.
Surface proteins of IAV and IBV virus hemagglutinin (HA) is a homotrimer, expressed as precursor,
that must be cleaved by host proteinases, where TMPRSS2 plays a primary role. TMPRSS2 activates
IAV HA as well as IBV HA [42], although this applies more to IAV [10] where TMPRSS2 is the main
protease for monobasic HA cleavage in IAV strains in vivo [43—45]. Therefore, TMPRSS2 is a suitable
molecular target for the development of anti-influenza drugs [15,42].

SARS-CoV-2 and IAV operate as an “organized crime group”. SARS-CoV-2 Delta variants
upregulated a-2-3-linked sialic acid expression, while IAV infection upregulated ACE2 and
TMPRSS2. Furthermore, co-infection with SARS-CoV-2 and IAV exacerbated cellular damage
compared to infection with either virus alone [46]. Several studies have reported co-infection or
sequential infection with SARS-CoV-2 and especially with IAV in COVID-19 patients [47-52].

Thus, co-infection with influenza virus has been linked to an earlier and more severe cytokine
storm in patients with severe COVID-19 [53].

The overall proportion of co-infection was estimated to be 0.7%, with a predominance of the IAV
(74.4%), as among critically ill COVID-19 patients tended to be higher than that in overall patients [54].
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Inhibition of TMPRSS2 by BRH as the Basis for Prevention of COVID-19 and Influenza

BRH showed a higher inhibition effect than camostat, a widely known TMPRSS2 inhibitor [55]

Moreover, TMPRSS2-deficient mice are healthy [56], suggesting that the inhibition of TMPRSS2
may not harm the host.

The FDA-approved expectorant/mucolytic agent and cough suppressant, BRH, is a well-known
potent inhibitor of TMPRSS2 with ICso equal to 0.75 uM [9]. Since epithelisin is expressed primarily
in the apical surface of airway epithelial cells, inhibiting pulmonary TMPRSS2 with BRH could
represent a prophylactic strategy against the airborne transmission of SARS-CoV2 [57].

It should be noted that the dependence on TMPRSS2 is different for the different subspecies of
IAV. It is bigger for HIN1/1918 and H13, while recombinant IAVs carrying H12 or H17 were not
affected by TMPRSS2 knockdown [58]. TMPRSS2 activates also the HA in IAV subtypes H2, H3, H5,
He, H8, H10, H11, H14, and H15 [59].

Several trials have been conducted to determine BRH efficacy, however, its usefulness remains
controversial [17,20,37,38,60-64].

In our experience, administration of inhaled BRH is beneficial in both outpatient and inpatient
settings [19]. This will be more or less effective, but in no case decisive to avoid possible
complications. As we have already noted, only inhibition of the hyperactivated NLRP3
inflammasome can save the patient from cytokine storm (CS), multiorgan damage and death [65].
BRH is most effective when given prophylactically over the course of a month during the peak of
viral spread or by inhalation as post-exposure prophylaxis [Table 4].

Table 4. Rules for acceptance of BRH - Lessons from COVID-19 prevention.

In What Cases Reception Mode Result [*]
Prophvlaxi BRH is taken in tablet form duringprevents infection to a large extent
rophylaxis
y COVID-19/flu season EEE

Post-exposure prophylaxis After contact, inhale immediately ~ Prevents disease to a large extent
Edd

Use in illness Taken by inhalation Inhibits spread and replication
%

Use in inpatients Taken by inhalation Makes breathing easier

*

[*] - degree of efficacy.

Many hopes were placed on the TMPRSS2 inhibitor Camostat Mesylate (CM), previously used

for treatment of pancreatitis and reflux oesophagitis, now for the treatment of COVID-19 [41]. At least
12 prestigious clinical trials have been launched to investigate the effectiveness of CM in COVID-19.
Despite high expectations, the results are disappointing [66].
These results can be easily predicted, for the following reasons: SARS-CoV-2 used two distinct routes
to enter cells, one fast ("10 min) (TMPRSS2-mediated virus uptake), and one slower (40-50 min),
corresponding to cathepsin L priming (endosomal uptake) [67]. The mean incubation period for
COVID-19 onset was estimated to be 5.1 days, and most cases develop symptoms after 14 days [68].
Due to this fact, inhibiting TMPRSS2 after the virus has long since entered the cell, replicated, and
infected other cells is doomed to failure. The conclusion is that successful prevention can be expected
if TMPRSS2 is inhibited preventively (Table 4).

This means that long-term use of an inhibitor should be safe. BRH is exactly like that! Unlike furin,
very little is known about the physiological role of the TMPRSS2 [69], but it is not required for normal
development and does not cause pathological changes as demonstrated in TMPRSS2 knockout mice [56].
In addition, BRH may reach in pulmonary and bronchial epithelial cells concentrations 4 to 6-fold higher
than those found in the plasma - high enough to inhibit TMPRSS2 [70].
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Very recently, cases of elderly women with severe comorbidities were published, who after long-
term prophylaxis with BHH, practically did not get sick with COVID-19, although their families
became seriously ill [18].

Our study aims in part to be a proof-of-concept, and in part to initiate wider dialogue within the
scientific community of the benefits associated with continued use of BRH during peak influenza
season, particularly in susceptible populations. Our finding that concurrent use of BRH led to no
correlation between age and infection probability indicates a potential use in elderly, who are known
to be at a higher risk of complications [71].

A limitation to this is that the influenza statistic was self-reported and not laboratory confirmed.
Future research aims to rectify this by requesting country-wide laboratory data through the freedom
of information act (FOIA) in Bulgaria.

5. Conclusions

Influenza incidence among individuals taking BRH prophylactically was significantly lower
compared to national data. Longer use of BRH was associated with a modest reduction in risk.

The number of comorbidities remained the strongest predictor of influenza occurrence.

Age had no significant impact among those using BRH prophylactically.

The model demonstrated good discriminative ability but limited calibration, and the results
should be interpreted cautiously.
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