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ABSTRACT

Background: We previously documented that 0.12% chlorhexidine oral rinse and
oropharyngeal spray could eliminate oropharyngeal SARS-CoV-2 which might prevent
COVID-19 infection and also prevent SARS-CoV-2 spread from a patient to other
people. We currently further investigated such application of chlorhexidine might also
decrease mortality of COVID-19 infection.

Methods: We reviewed electronic medical records on patients we previously did
study for chlorhexidine to eliminate oropharyngeal SARS-CoV-2 and determine
whether chlorhexidine treatment influencing the mortality rate. We also repeated the
same study in different period of COVID-19 infection to further confirm the efficiency
of chlorhexidine in the management of COVID-19 infection. 0.12% of chlorhexidine
was given oral rinse plus oropharyngeal spray for the initial 4 days of hospitalization.
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We also evaluated the possibility of persistence of SARS-CoV-2 in the oropharynx
influencing the prognosis of COVID-19 infection.

Findings: The 1 study period for the year of 2020 through early 2021, 215 patients
were enrolled in the study. The 2" study was for the period of late 2021 through
early 2022, 45 patients entered the study. They were divided into no chlorhexidine
treated and chlorhexidine treated group. The study showed chlorhexidine treatment
significantly cut the COVID-19 mortality to about half. For the study of SARS-CoV-2
persistence effect on the mortality, we demonstrated that disappearance of SARS-
CoV-2 from oropharynx in 4 days after hospitalization significantly cut mortality to
61.9% in the group without chlorhexidine treatment which is statistically significant
but only 28.8% in the chlorhexidine treated group which is not statistically significant.
Interpretation: Our previous and current chlorhexidine study provides that 0.12%
chlorhexidine oral rinse and oropharyngeal spray may play an important role in
preventing the COVID-19 infection and also reduce mortality of COVID-19 infection.
The persistence of oropharyngeal SARS-CoV-2 is an ominous sign for the prognosis of
COVID-19 infection.

Materials and Methods

Study-1 method

We reviewed medical record for the patients in our previ-
ously published study [1]. Those patients were seen from
2020 through the early period of 2021.

The retrospective chart review for those patients was
labeled as study 1: There were 215 patient charts avail-
able for review through Electronic Health Records (EHRs).
The EHRs recorded that 117 patients were treated with
0.12% chlorhexidine via oral rinse (13 ml to 15 ml) and na-
sopharyngeal spray (2 ml) twice a day. There were 98 pa-
tients in a randomized control group who did not receive
the treatment of chlorhexidine.

Introduction

We previously published a paper demonstrating
that chlorhexidine acts as an antiviral agent in erad-
icating SARS-CoV-2 from the oropharynx [1]. The
study was conducted with the purpose of using ch-
lorhexidine to prevent COVID-19 infection through
contagious exposure and to prevent the further
spread of SARS-CoV-2 from infected patients to oth-
ers. Recently, we undertook a further investigation
to review the potential effect of chlorhexidine in
the management of COVID-19 infection. The study
focused on the effect of chlorhexidine treatment in
reducing the mortality rate of COVID-19 patients.
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The charts were further reviewed to determine the pa-
tients’ status upon discharge. Deaths caused by COVID-19
infection were identified and mortality was calculated.
There was no outpatient follow-up available regarding
subsequent fatalities following discharge due to COVID-19
infection.

Study-2 methods

Patients from November 2021 through January 2022:
In our study focused on the efficacy of chlorhexidine in
eradicating oropharyngeal SARS-CoV-2, there were in-
stances where certain patient data were not included in the
initial publication. These specific patient records pertained
to cases that emerged subsequent to the conclusion of the
primary study. To address this, a retrospective review was
conducted on the unpublished patient data, which has
been designated as “Study 2

The study for those patients with COVID-19 infection were
from November 2021 through January 2022 when the
Delta and Omicron variants were dominant. The method
of study was the same as the previous one for patients in
2020 and 2021, during which the dominant circulating vi-
ruses were the initial one from Wuhan, China and the Del-
ta variant from India [1]. We checked whether chlorhexi-
dine could also significantly reduce the mortality rate for
COVID-19 infection during this period.

Disclosures: The study was conducted according to the
guidelines of the declaration of Helsinki and approved by
the ethics committees of the Pipeline Health (El Segundo,
CA) and AHMC Healthcare (Alhambra, CA) hospital sys-
tems. All participating patients were given an explanation
of the study and signed consent forms.

Patients: Patients were referred to us for infectious diseas-
es consultation from Los Angeles Metropolitan Hospitals.

Patientshad alaboratory-confirmed diagnosis of COVID-19,
based upon a positive COVID-19 test by Nucleic Acid Am-
plification Test (NAAT), positive rapid antigen test and/or
PCR test [2] with clinical evidence of pulmonary infiltration
and hypoxia to justify hospitalization.

The testing materials for both the antigen test and NAAT
were supplied by Abbott Laboratories. Certified hospital
technologists administered these tests. The PCR test was
performed using the real-time Reverse Transcriptase-Poly-
merase Chain Reaction (rRT-PCR) method, employing the
cobas 6800 SARS-CoV-2 test from Roche Molecular Sys-
tems in Branchburg, NJ. The PCR testing was conducted at
WestPac Labs in Los Angeles, CA. Most of our patients (67
out of 70 patients) received oxygen therapy and steroids.
Only 9 patients received remdesivir. All patients received
anticoagulants and antibiotics [3-5].

The age range of patients was from 23 to 85 years old. De-
mographically, the majority of patients were of either His-
panic or Asian ethnic background. There was a total of 70

patients enrolled in this study. An alternative randomized
control was used for this study, with 32 patients in the ch-
lorhexidine treatment group and 38 patients in the control
group. The study excluded patients demonstrating a men-
tally altered state or patients who were on either respirato-
ry intubation or nasopharyngeal tubes, or BIPPA. As previ-
ously detailed, 13-15 ml of 0.12% chlorhexidine was given
by oral rinse and 2 ml of 0.12% chlorhexidine was given
through nasopharyngeal spray [1].

The efficacy of chlorhexidine in eradicating SARS-CoV-2
from the oropharynx was evaluated. The efficacy of chlor-
hexidine in reducing the mortality of COVID-19 infection
was also calculated. Persistence of oropharyngeal SARS-
CoV-2 and mortality of COVID-19 infections. We also eval-
uated the effect of a persistent viral presence in the oro-
pharynx on mortality. This study compared the difference
in mortality between viral eradication or persistence in the
oropharynx, with or without chlorhexidine application.

Statistical methodology

All relevant statistical analysis was performed in
Microsoft Excel (version 2103). In examining the
data gathered from each of our two independent
studies, we performed a two-proportion z-test to
analyse the data provided by both the test and con-
trol groups to fit a standard normal distribution. In
doing so, we utilized a benchmark p-value of p <
0.05 to determine the statistical significance of our
findings. All data was rounded to two significant
figures.
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Quality control of the study

Our study complied with the equator network guideline
(22).

Results

Study-1 results

Chlorhexidine treatment influence on COVID-19 mor-
tality from 2020 through the early period of 2021: The
data indicates that 117 patients were treated with chlor-
hexidine and 22 of those patients died due to COVID-19
infections, resulting in a mortality rate of 18.8%. In the con-
trol group, 98 patients were not treated with chlorhexidine
and 40 of those patients died due to COVID-19 infections,
resulting in a mortality rate of 40.82%. Therefore, the ef-
ficacy of chlorhexidine in reducing COVID-19 deaths for
inpatients was 53.93%. Overall, patient mortality was sig-
nificantly lower when they were given chlorhexidine treat-
ments compared to when they were not. The difference be-
tween the chlorhexidine treatment group and the control
group was statistically significant (p < 0.05) (Table 1).

Am J Prev Med Public Health ¢ 2023 ¢ Vol 9 ¢ Issue 9



Chlorhexidine as a Therapeutic Agent for COVID-19 Infection

Table 1. 1% study of chlorhexidine influence on COVID-19
mortality (January 2020 through the early period of 2021).

Mortality in Chlorhexidine treated group is 7/32 (21.9%).
Mortality in control group is 17/38 (44.7%). Efficiency
of chlorhexidine in reducing COVID-19 mortality is (1-
21.9/44.7)=52%.

Table 2. 2" study of chlorhexidine influence on COVID-19
mortality (November 2021 through January 2022).

Patients Total Number of | Mortality
number | death rate

Chlorhexidine 117 22 18.80%

treated

Control 98 40 39.70%

Mortality in chlorhexidine treated group is 22/117 (18.8%).
Mortality in control group is 40/98 (39.7%). Efficiency
of chlorhexidine in reducing COVID-19 mortality is (1-
18.8/39.7)=52.65%.

Statistical analysis: The mortality difference between the
chlorhexidine treatment group and control group was sig-
nificantly different (p < 0.05).

Study-2 results

Chlorhexidine influence on COVID-19 mortality from No-
vember 2021 through January 2022.

Eradication of SARS-CoV-2 from oropharynx: We at-
tempted to evaluate the efficacy of chlorhexidine in eradi-
cating SARS-CoV-2 from the oropharynx. The chlorhexidine
treatment group had 32 patients and the control group,
which did not receive chlorhexidine treatment, had 38 pa-
tients. In the treatment group, 22 patients, representing
68.75% of the sample, tested negative for COVID-19 after four
days of treatment with chlorhexidine. In the control group,
8 patients, representing 21% of the sample, tested negative
for COVID-19 after four days of hospitalization. As such, the
percentage of patients testing negative for COVID-19 after
four days was significantly higher in the group that received
chlorhexidine treatments compared to the group that did
not. The difference in the results between the chlorhexidine
treatment group and the control group was statistically sig-
nificant (p < 0.05).

Chlorhexidine effect on the mortality of COVID-19 infec-
tion (November 2021 through January 2022): The data
indicates that 32 patients were treated with chlorhexidine
and 7 of those patients died due to COVID-19 infections, re-
sulting in a mortality rate of 21.9%. In the control group, 38
patients were not treated with chlorhexidine and 17 of those
patients died due to COVID-19 infections, resulting in a mor-
tality rate of 44.7%. Therefore, the efficacy of chlorhexidine
in reducing mortality of inpatient COVID-19 infected pa-
tients was 51%. Overall, patient mortality was significantly
lower when they were given chlorhexidine treatments com-
pared to when they were not (p < 0.05).

A further point to note is that the correlation between
COVID-19 vaccination status and mortality was also evalu-
ated. Among the 32 patients in the chlorhexidine treatment
group, 2 of the 12 vaccinated individuals died (Table 2). Fur-
thermore, among the 38 patients in the control group, 5 of
the 15 vaccinated individuals died (Figure 1).
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Patients Total Number of | Mortality
number death rate

Chlorhexi-| 32 7 21.90%

dine treated

Control 38 17 44.70%

166 Patients with COVID-19 Infection

96 Patients Excluded
30 with symptoms onset 2 7 days.
32 placements of nasogastric or endotracheal tube
22 unable to follow command

12 early discharges from the hospital

38 Patients randomized
to the Control Group

Figure 1. The assessment also included an examination of
COVID-19 vaccination status and its correlation with mortality.

32 Patients randomized
to the chlorohexidine
treated Testing Group

Statistical analysis: The mortality difference between the
chlorhexidine treated and control group was significantly
different (p < 0.05) (Table 3).

Table 3. COVID-19 vaccination status and mortality rates.

Groups Vaccinated | Number of | Mortality
patients deaths rate

Treatment |12 2 16.67%

Group

Control 15 5 33.33%

Group

The effect of mortality by SARS-CoV-2 persistence in the oro-
pharynx group without chlorhexidine treatment: There were
151 patients in the control group who did not receive treat-
ment with 0.12% chlorhexidine. Of this group, 25 patients
tested negative for COVID-19 four days after admission. Four
deaths were reported, resulting in a mortality rate of 16%.
In contrast, 126 patients tested positive for COVID-19 four
days after admission and 53 deaths were reported, result-
ing in a 42% mortality rate. Therefore, there is a reduction
of mortality if virus disappeared from the oropharynx: (1-
16/42)=61.9%. The difference in mortality rates between
the two groups is statistically significant (p < 0.05).

Group with chlorhexidine treatment: There were 161
patients in the treatment group who received four days of
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treatment with 0.12% chlorhexidine. Of this group, 125
patients tested negative for COVID-19 four days after-treat-
ment. There were 20 deaths, resulting in a mortality rate of
16.0%. In contrast, 36 patients tested positive for COVID-19
four days after treatment and there were 8 deaths, resulting
in a 22.2% mortality rate. Therefore, there is a reduction
of mortality if virus disappeared from the oropharynx: (1-
16/22.2)=28.8%. However, the difference in mortality rates
between the two groups is not statistically significant. The
effect of chlorhexidine on SARS-CoV-2 persistence in the
oropharynx and associated mortality were given in (Tables
4 and 5).

Table 4. Group without chlorhexidine treatment: 151 pa-
tients.

Control Number of | Number of | Mortality
Virus 126 53 42.06%
persisted

Virus 25 4 16%
subsided

Table 5. Group without chlorhexidine treatment: 151 pa-
tients.

Treatment | Number Number Mortality
group of survivors | of deaths | rate
Virus 36 8 22.22%
persisted

Virus 125 20 16%
subsided

Note: Reduction of mortality if virus disappeared from
the oropharynx: (1-16/22.22)=28.8%

The difference in mortality rate is not statistically signif-
icant.

Discussion

We previously demonstrated that chlorhexidine can
be used as a powerful agent in eradicating SARS-
CoV-2 from the oropharynx, which, if administered
to patients in a timely manner, could help prevent
COVID-19 infections [1]. In our current study, we re-
peated this study to further confirm the effectiveness
of chlorhexidine in eradicating SARS-CoV-2 from the
oropharynx.

Our current study further suggests that chlorhexi-
dine is able to reduce COVID-19 inpatient mortality
by about half. The vaccination status does not appear
to interfere with our study, as the vaccinated and un-
vaccinated groups were of equal size.

In our current study, we also demonstrated that the
disappearance of SARS-CoV-2 in the oropharynx
significantly reduces COVID-19 mortality. However,
with the added chlorhexidine treatment, there was
no statistically significant difference in mortality
rates between the absence or persistent presence of
the virus in the oropharynx. This further supports
the benefit of chlorhexidine as an agent in reducing
the mortality of COVID-19 infection. However, if the
number of patients in the study were to increase, we
may see a statistical significance in mortality even
with the addition of chlorhexidine.

As aresult, continued monitoring of SARS-CoV-2 test
results in the oropharynx can be used as an indica-
tor to predict the prognosis of the disease. A recent
study indicated that higher upper respiratory and
serum SARS-CoV-2 viral load or antigen levels had
a higher mortality from COVID-19 infection [6,7].
This might explain why persistent oropharyngeal
SARS-CoV-2 results in higher mortality in our study
and highlights the importance of eradicating SARS-
CoV-2 from the oropharynx. If chlorhexidine treat-
ments fail to completely eliminate SARS-CoV-2 in
the oropharynx, we still recommend continuing ch-
lorhexidine treatments since mortality in the chlor-
hexidine-treated group tended to be lower than the
group without the treatment of chlorhexidine.

We performed this study during different viral out-
break periods, including the original Wuhan SARS-
CoV-2 viral outbreak of 2020 through early 2021 and
the Delta and early Omicron viral outbreaks in late
2021 through early 2022. The results were similar,
indicating that chlorhexidine is also effective even if
there is a viral mutation.

Our study was limited to the initial four days of hos-
pitalization, which covers the highest viral load peri-
od of SARS-CoV-2 during hospitalizations [8,9]. The
potential further benefit of chlorhexidine beyond
the initial four days of hospitalization is unknown at
present. However, we recommend continuing chlor-
hexidine treatment during the entire hospital course,
as chlorhexidine has no significant side effects.

The application of chlorhexidine in our study was
limited to oral rinse and oropharyngeal spray. For
maximal efficacy, nasal instillation of the drug should
also be considered [10].

In our experience, the administration of a chlorhexi-
dine oropharyngeal spray in addition to an oral rinse
could lead to improved results. If an oropharyngeal
spray is not available, we suggest a thorough chlor-
hexidine rinse of the oropharyngeal area by gargling.
We also recommend that providers instruct patients
not to ingest chlorhexidine into their stomach.
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The recently developed oral antimicrobial agents,
nirmatrelvir/ritonavir and molnupiravir, have been
used to prevent mild or moderately severe COVID-19
infections from progressing to severe infections.
However, these antimicrobial agents are used for
outpatient treatment and should only be used with-
in the first 5 days of initial sickness. Additionally,
nirmatrelvir/ritonavir and molnupiravir have po-
tential side effects and drug-drug interactions. The
possibility of SARS-CoV-2 developing resistance to
these drugs is also a concern [11-14]. Nirmatrelvir/
Ritonavir and molnupiravir are effective in the early
stage of the disease, specifically during an upper re-
spiratory infection. Similarly, chlorhexidine has been
found to eradicate the virus in the upper respiratory
tract, which may partially explain its effectiveness in
reducing COVID-19 mortality.

Another agent used in treating COVID-19 infections
is remdesivir. However, it should be noted that this
drug is mainly effective in the early stages of the dis-
ease.

Chlorhexidine has been used to prevent aspiration
pneumonia [15,16] and as a treatment for dental in-
fections [17]. Peri-implant mucositis [18], as well as
a pre-operative agent to prevent surgical infections
[19]. Accounting for the high mortality in our control
group despite following the generally recommended
treatment for COVID-19 infection might be due to
more severe cases of COVID-19 infection in our hos-
pitals. Moreover, during the most intense stages of
the pandemic in Los Angeles, there was a mass short-
age of available beds in metropolitan hospitals across
the county. As a result, the hospitals where we based
our experiments transformed their parking lots into
temporary COVID-19 wards. Patients referred to us
for infectious disease consultation were usually sick-
er patients. Milder cases were not referred to us. We
also had criteria for selecting patients for the study,
such as patients with NG tube, or not able to follow
command to take chlorhexidine which might have
influenced the mortality rate of the study patients.
Other confounding factors in mortality include the
patient’s racial background [20,21] and insurance
status. Since our study was a randomized control
study, this results of our study.

Conclusion

Our previous study indicated that chlorhexidine can
eradicate SARS-CoV-2 from the oropharynx, which
potentially prevents the spread of disease to others.
The current study shows that the use of 0.12% chlor-
hexidine via oral rinse and oropharyngeal spray can
also reduce the mortality rate of COVID-19 infected
patients by half. Furthermore, we also found that the

www.ajpmph.com

persistence of SARS-CoV-2 in the oropharynx beyond
four days is an ominous sign for disease prognosis.
Finally, we conclude that chlorhexidine is a useful
prophylactic and therapeutic agent for the treatment
of outpatients and inpatients with COVID-19.

Limitation

The study is a randomized control study instead of a
double blind control study. We have not completed
control clinical study to prove chlorhexidine in pre-
venting SARS-CoV-2 infected patients from spread-

ing to other people. We did not have enough patients
to do the study on vaccinated patients.
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