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Abstract

Background: Low concentrations of hypochlorous acid (HOCI) have proven antipruritic, anti-inflammatory, and antimicro-
bial effects without toxicity, although the mechanism has not been fully elucidated.

Objective: The aim of this study was to evaluate the effectiveness of HOCI nasal irrigation to reduce allergic rhinitis (AR)
symptoms compared with saline nasal irrigation.

Methods: This was multicenter, randomized, double-blind, placebo-controlled study. Initially, 139 patients with perennial AR
were enrolled; however, 25 did not successfully complete the study. Patients were randomly assigned to the nasal irrigation
with low-concentration HOCI (n =55) or normal saline (n=59) treatment groups for the 4-week study period. Participants
completed the Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ) at every visit (baseline, Weeks 2 and 4), and Total
Nasal Symptom Score (TNSS) was determined before and after nasal irrigation every morning and evening.

Results: We found that RQLQ scores significantly decreased after 4 weeks in the HOCI and placebo groups, but the dec-
rement of the RQLQ score was similar between the 2 groups. Additionally, TNSS improved in both groups between baseline
and Week 4, whereas there were no significant differences in the change of TNSS between the 2 groups. The HOCI group did
not show any clinical side effects related to nasal irrigation.

Conclusion: Allergic symptoms significantly decreased with low-concentration HOCI nasal irrigation, without significant
adverse events. However, HOCI showed no additional improvement in symptoms compared with saline nasal irrigation
for patients with perennial AR.
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however, the disease remains underestimated. Therefore, a
considerable number of patients with AR are still under-
diagnosed and undertreated.

Among treatment modalities for AR, saline nasal irrigation
(SNI) has been used as an effective method to reduce the
symptoms.*> The primary mechanism of action is mechanical
clearance of nasal secretion, air contaminants, allergens, and
inflammatory mediators.® This can help to reduce not only
nasal obstruction but also allergic reactions of the nasal
mucosa. Additionally, SNI hydrates the sol layer of the
mucus blanket, enhancing mucociliary clearance. This method
is relatively simple, inexpensive, and has few side effects.
However, in patients with severe symptoms, control of
severe allergic reactions is limited with SNI. Therefore,
there have been several attempts to use SNI in combination
with other treatments, such as budesonide, to treat AR

Hypochlorous acid (HOCI) is a weak acid that forms when
chlorine dissolves in water and, in low concentrations, has
proven antibacterial, antiviral, and antifungal effects without
toxicity to the human body.” A previous report highlighted
that low-concentration HOCI is produced by electrolysis
with sodium chloride (NaCl) added to normal saline.'®
Recently, its antipruritic and anti-inflammatory properties and
antimicrobial effects have also been reported, which has led
to its use in the treatment of skin wounds, diabetic ulcers, and
some inflammatory skin disorders.'*1? However, studies
have not yet investigated the efficacy of HOCI nasal irriga-
tion in patients with AR. We, therefore, aimed to compare
the effects of allergic symptom relief in patients with AR
who were treated with saline and HOCI nasal irrigation.

Materials and Methods

This was a clinical phase II, multicenter, randomized, double-
blind, placebo-controlled trial on the effectiveness of low-
concentration HOCI nasal irrigation administered for 4
weeks to treat subjective symptoms in patients with perennial
AR. Eligible patients were randomly divided into 2 groups:
the placebo control group and the HOCI group. This study
was approved by the Institutional Review Board of Asan
Medical Center (2019-0504), Eulji University School of
Medicine (EMCS 2018-01-023), and Hallymm University
College of Medicine (CHUNCHEON 2018-05-006). Written
informed consent was obtained from all participants before
any protocol-specific procedures were undertaken.

Study Subject

The inclusion criteria were as follows: (1) age >19 years,
(2) diagnosed with perennial AR on the multiple allergen
simultaneous test, (3) >1 allergic symptom(s) per year in
the past 2 years, (4) nonsmoker, (5) agreed to no alcohol con-
sumption during the 4-week study period. Patients were
excluded if they had (1) a history of acute sinusitis within
1 month of the study, chronic sinusitis, or asthma; (2) a history

of nasal surgery; (3) a severe anatomical problem regarding
nasal obstruction; (4) were pregnant or breastfeeding;
(5) involved as a participant of other clinical trials within
3 months; (6) had taken prohibited allergic medication
(topical or oral corticosteroid within 1 month, topical cro-
molyn sodium within 2 weeks, topical or oral decongestant
within 3 days, topical or oral antihistamines within 3 days,
loratadine within 10 days, or antidepressants within 3 months).
A total of 204 patients volunteered for this study, and 139 were
included and randomized. Sixty-nine and 70 patients were
included in the HOCI and placebo groups, respectively.
Twenty-five patients were excluded during the 4-week study
period because of consent withdrawal (n=16), follow-up
loss (n=15), taking prohibited medication (n=3), or adverse
events (epistaxis; n=1). Finally, 114 patients were included
in the final analysis (Figure 1).

Study Design

Enrolled patients visited the outpatient clinic 3 times (baseline,
Week 2, and Week 4). We performed the nasal cavity exami-
nation on all participants at every visit to evaluate the presence
of nasal discharge or mucosal swelling. A PNS x-ray series
(Waters, Caldwell, and skull lateral view) was also per-
formed at the initial visit to determine the presence of
sinusitis. All enrolled patients were asked to complete the
Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ) at
every hospital visit and also reported a Total Nasal Symptom
Score (TNSS) before and 30 min after nasal irrigation every
morning and evening for the duration of the study period.

Procedure

At the baseline visit, we educated all participants about the
nasal irrigation delivery method. Sixty-nine patients in the
HOCI group underwent nasal irrigation 3 times daily with
35 mL of low-concentration HOCI, produced by electroly-
sis of normal saline using a Salicid device (AlleVita).
After adding 315 mg of NaCl to the Salicid device contain-
ing 35 mL of tap water, the device was shaken 10 times
before the electrolysis button was activated. The concentra-
tion of HOCI in the irrigation solution was approximately
3.5 ppm. If the patient attempted to operate electrolysis
more than once, the device warned against reoperation to
prevent the production of high-concentration HOCI (over
6-7 ppm). HOCI was generated just before each nasal irriga-
tion. The patients in the placebo group performed nasal irri-
gation with a sham Salicid device in the same manner, in an
upright position with the head tilted back, maintained for
approximately 10 s.

Efficacy and Safety Assessment

To evaluate the efficacy, we compared the patients’ allergic
symptoms using RQLQ and TNSS. The RQLQ consisted
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Figure 1. Study flow and patient arrangement. A total of 204 patients were enrolled, and | 14 completed this study. Patients were randomly

allocated to the hypochlorous acid (HOCI) or placebo group.

of 5 categorized symptoms and 24 items: daily activities
(3 items), sleep problems (3 items), nose symptoms (4 items),
eye symptoms (4 items), nonnose/eye symptoms (7 items),
and practical problems (3 items). The patients checked a
5-point scale (0 =not impaired at all, 4 =severely impaired)
for each item. High scores reflected a lower quality of
life. TNSS consisted of 4 symptom categories: rhinorrhea,
nasal obstruction, nasal itching sensation, and sneezing.
Each symptom category has a 4-point scale (0=none,
1 =mild, 2 =moderate, 3 = severe). Additionally, investigators
conducted vital signs and endoscopic nasal cavity examinations
at every hospital visit to ensure patient safety. Troublesome
symptoms or adverse events were also monitored throughout
the study.

Statistical Analysis

Statistical analyses were performed with SAS version 9.4
software (SAS Institute Inc., Cary, NC, USA), using the
Student’s t-test, Wilcoxon’s rank-sum test, and chi-square
test. The significance level was set at a value of 0.05
(*P<.05, **P<.010, and ***P <.001).

Results

A total of 114 patients (38 males, 76 females) with a mean
age of 36.5 years (range: 20-71 years) were enrolled in this
study. Of the 114 patients, 55 and 59 (48.2%, 51.8%) were
allotted to the HOCI and placebo groups, respectively.
General patient characteristics are presented in Table 1.

Table I. Demographic characteristics of study participants.

HOCI (n=55) Placebo (n=59) P value

Age (years)

Mean +SD 358+ 125 27.1 £ 13.1 0.60
Min.-max. 20-67 20-71
Gender
Female 36 (65.5) 40 (67.8) 0.99
Male 19 (34.5) 19 (32.2)
BMI 233+3.6 23.1+34 0.71
RQLQ score at baseline 42.6 +15.9 42.0+18.2 0.72
TNSS at baseline 239+ 1.85 222+ 1.72 0.80

Data are represented as the mean +SD or n (%). P values are from the
chi-square test (categorical variables) or Student’s t-test (quantitative
variables). Abbreviations: BMI, body mass index; HOCI, hypochlorous acid;
RQLQ, Rhinoconjunctivitis Quality of Life Questionnaire; TNSS, Total Nasal
Symptom Score; Min., minimum; max., maximum.

Wilcoxon’s rank-sum test and chi-square test were performed
between the 2 groups. There were no significant differences
in sex, age, body mass index, RQLQ, or TNSS at baseline.

Evaluation of Efficacy for Hypochlorous Acid Nasal
Irrigation on Allergic Rhinitis

We compared the RQLQ and TNSS scores to investigate
whether HOCI could reduce allergic symptoms in patients
with AR. We found that RQLQ scores in the HOCI group
significantly decreased over 4 weeks compared with baseline
(P<.001). Additionally, RQLQ score in the placebo group
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Figure 2. Comparison of RQLQ score in the placebo group and
the HOCI group. (A) RQLQ score decreased significantly after 4
weeks of nasal irrigation in both groups. (B) The changes in RQLQ
scores were similar between the placebo and HOCI groups.
Abbreviations: RQLQ, Rhinoconjunctivitis Quality of Life
Questionnaire; HOCI, hypochlorous acid. *P<.001.
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Figure 3. Comparison of TNSS 30 min after nasal irrigation in
placebo and HOCI group. (A) TNSS after nasal irrigation was
significantly reduced after 4 weeks of nasal irrigation in both
groups. (B) The changes of TNSS after nasal irrigation between the
placebo and HOCI groups were not statistically significant.
Abbreviations: TNSS, Total Nasal Symptom Score; HOCI,
hypochlorous acid. *P<.0l, **P<.001.
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Figure 4. Comparison of TNSS before nasal irrigation. (A) Daily
total TNSS was significantly decreased after 4 weeks of nasal
irrigation in the placebo and HOCI groups. (B)There were no
significant differences in the 4-week change of morning, evening,
and daily total TNSS before nasal irrigation between placebo and
HOCI groups. Abbreviations: TNSS, Total Nasal Symptom Score;
HOCI, hypochlorous acid. *P<.01, **P<.001.

significantly decreased at Week 4 compared with baseline
(P<.001). However, there was no significant difference in
the RQLQ score between the HOCI group and placebo
group at baseline and Week 4 (P = .42) (Figure 2). The sum-
mation of morning and evening TNSS after irrigation

significantly decreased after 4 weeks in HOCI and placebo
groups compared with baseline (P<0.01). However, after
irrigation, the changes of TNSS were similar in HOCI and
placebo groups (Figure 3). The daily total TNSS before
nasal irrigation also decreased significantly in both groups
(HOCI group, P<.001; placebo group, P<0.01).
However, there were no statistically significant differences
morning, evening, and daily TNSS before nasal irrigation
in both groups across the study period (Figure 4).

Evaluation of Safety for Hypochlorous Acid Nasal
Irrigation on Allergic Rhinitis

We found that neither group experienced any serious adverse
events throughout the study. However, some patients reported
minor adverse events. One patient developed epistaxis after
nasal irrigation in the placebo group, and a second patient in
the HOCI group experienced blepharospasm. Blepharospasm
occurred once within 1 min and did not match temporally
with nasal irrigation, so a causal link to the study could not be
determined. Meanwhile, 1 case dropped out because of steroid
injection for urticaria while undertaking a contrast-enhanced
abdominal CT scan. No other patients complained of discomfort
related to nasal irrigation in both groups.

Discussion

To the best of our knowledge, this is the first study comparing
HOOCI nasal irrigation and SNI for the treatment of AR. We
found that HOCl nasal irrigation reduced allergic nasal symp-
toms and quality-of-life related to AR significantly improved
within the study period (P <.001, P<.001, respectively).
Additionally, no participants experienced any adverse
events in the HOCI group, compared with 1 patient in
the placebo group who had an epistaxis event. However,
a superior symptom-relieving effect of HOCI compared
with SNI could not be demonstrated.

AR is a disease prevalent worldwide, with burdensome
symptoms that can greatly impair quality of life. Medical
spending to treat AR costs approximately 24.8 billion
dollars per year.'’> The management of AR includes the
avoidance of allergens as well as pharmacologic therapy
and immunotherapy. Pharmacotherapy includes various
classes of medications, including antihistamines, intranasal
corticosteroids, and antileukotrienes. Patients may experi-
ence side effects such as drowsiness, dry mouth, difficulty
urinating, and constipation when taking oral antihista-
mines.'* These symptoms were augmented in elderly
patients. Intranasal glucocorticoid spray is the first-line treat-
ment for AR with intermittent moderate-to-severe symptoms
or persistent symptoms as per the current guidelines.'> Nasal
steroid spray is considered a safe treatment modality;
however, it is contraindicated for glaucoma and
tuberculosis.'®
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SNI, also known as nasal douching, washing, or lavage, is
an alternative therapy for AR. Recently, a meta-analysis
reported that SNI could effectively reduce patients’ allergic
symptoms compared with no saline irrigation in both adults
and children with AR.*> To date, SNI can be performed
with sprays, pumps, or squirt bottles, and its solutions can
usually be isotonic or hypertonic. Additionally, this
therapy is available without a prescription and can be used
alone or added to other pharmacological treatments for
AR, such as intranasal steroids and oral antihistamines.
Thus, SNI is thought to be an adjunctive treatment for patients
with AR with severe allergic symptoms. However, since SNI
alone has limitations in treating patients with severe AR
symptoms, several attempts have been made to add a corti-
costeroid to saline for nasal irrigation. One randomized
placebo-controlled trial reported that budesonide mixed
SNI showed a great improvement in AR symptom score
compared with SNI alone.”

HOCl is a major component of bleaching agents and deter-
gents and is also used as an active sanitizer for swimming
pools and tap water.'” It is generated in activated neutrophils
by myeloperoxidase-mediated peroxidation of chloride ions
in the human body and contributes to the destruction of bacte-
ria.'"® HOCI can be produced by electrolysis of NaCl solution.
To date, some studies have shown that HOCI nasal irrigation
has antimicrobial effects and low toxicity on the nasal
mucosa.'®!'? One study revealed that bactericidal and fungi-
cidal activity was noted for all species, except for Candida albi-
cans, and the reduction of human influenza A was detected on
nasal mucosa after HOCI treatment without cytotoxicity.'”
Another study reported that HOCI nasal irrigation significantly
inhibited human rhinovirus-induced secretion of IL-6 and IL-8,
and significantly reduced viral titer.'> Moreover, a randomized
controlled trial has suggested that low-concentration HOCI
nasal irrigation may be an effective adjuvant treatment com-
pared with normal isotonic saline in pediatric chronic rhinosi-
nusitis.” This concentration is within the World Health
Organization safety standard for drinking water of 5 mg/L."

Recently, several studies have described the antipruritic
and antiinflammatory effects of HOCI in atopic dermatitis
(AD).""" Interestingly, 1 study showed that HOCI treatment
reduced inflammatory cytokine secretion in affected skin
tissue and significantly decreased IL-12 production in the
marrow-derived dendritic cells of AD mice.?' These findings
suggest that there is a possibility that HOCI nasal irrigation
could improve AR symptoms more effectively than SNI. In
this study, we found that patients with AR showed effective
symptom control and few complaints of irrigation-related
discomfort using low-concentration HOCI nasal irrigation;
however, HOCI nasal irrigation had no additional AR
symptom-relieving effect compared with SNIL

There are some limitations of this study. First, patients with
mild-to-moderate symptoms were predominantly enrolled
during this clinical trial. Patients with severe allergic
symptoms could not endure the wash-out period of

pharmacotherapy, so their participation in this study was
challenging. Our outcomes, therefore, do not reflect the
actual effect of HOCI nasal irrigation in patients with AR
who were symptomatically severe. Second, approximately
24.6% of patients participated in this clinical trial during the
COVID-19 outbreak, during the first and second quarters of
2020. Most of the participants wore masks during that
period. Wearing masks can help to avoid airborne allergens
and air pollutants. It also can keep humidity and reduce tem-
perature variation of the nasal cavity. These factors may have
influenced the outcomes of our study as possible confound-
ers.?? Thirdly, seasonal variation was not considered as the
result of this study. However, Korea’s climate is characterized
by 4 distinct seasons; the duration of this trial was 21 months
(October 2018 to June 2020). The daily temperature range is
usually wide, particularly during the spring and fall. Thus, this
diurnal temperature change could have affected the severity of
the allergic symptoms in this study.?® Lastly, we only adopted
the changes in subjective symptoms in the relatively short
time frame as an outcome measure of this study. Future
study showing the changes in the biomarkers such as cytokine
levels of nasal lavage fluids would provide a better insight on
this subject.

Conclusions

Symptoms of AR were significantly reduced with low-
concentration HOCI nasal irrigation without major adverse
effects. However, HOCI did not show a superior symptom-
relieving effect compared with SNI for patients with
perennial AR.
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