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Abstract

Purpose: Adenoviral conjunctivitis is the most common cause of conjunctivitis worldwide with no approved
antiviral treatment. Benzalkonium chloride (BAK) is a common preservative in ophthalmic medications and is
the active ingredient in some skin disinfectants and hand sanitizers. BAK is known to be effective in killing
bacteria and enveloped viruses; however, its activity against ocular types of nonenveloped adenoviruses (Ads)
is unknown. The goal was to determine whether BAK is an effective antiviral agent against common human
ocular types of adenovirus in vitro.
Methods: The direct inactivating activity of BAK was determined by incubating several human adenovirus
types with BAK concentrations of 0.001%, 0.003%, 0.005%, 0.01%, 0.1%, and 0% for 1 h at 33�C. Resulting
adenovirus titers were determined after treatment. Decreases in titers of ‡3 Log10 were considered virucidal,
while decreases in titers of <1 Log10 were considered ineffective.
Results: BAK 0.1% was virucidal for Ad3, Ad5, Ad7a, Ad19/64, and Ad37, while it reduced titers >1 Log10,
but <3 Log10 for Ad4 and Ad8. Decreases in titers >1 Log10 were demonstrated for BAK 0.003%, 0.005%, and
0.01% for Ad5 only. Decreases in titers for the other adenovirus types for those concentrations were £0.53
Log10. 0.001% BAK produced minimal decreases in titers for all types.
Conclusions: BAK, at 0.01% or less was not consistently effective as an antiviral against adenovirus, but higher
concentrations, such as 0.1%, should be further investigated as a possible topical treatment for adenoviral ocular
infections, providing ocular toxicity is not an issue.
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Introduction

Adenoviral conjunctivitis is the most common cause
of red eyes worldwide.1 At present, there is no FDA or

EMA approved treatment for adenoviral conjunctivitis, al-
though several promising antivirals have been evaluated in
preclinical trials in animal models.2–8 Recently, antivirals
that have direct inactivating mechanisms of killing of ade-
novirus (Ad) have been evaluated in human clinical trials of
viral conjunctivitis.9 Specifically, povidone-iodine and
NVC-422 have been evaluated in clinical trials of adenoviral
conjunctivitis,10,11 while a combination of 0.6% povidone-
iodine and 0.1% dexamethasone is currently under clinical
evaluation (NCT02998554, NCT02998541).

This trend in evaluating direct inactivating antivirals for
the treatment of adenoviral conjunctivitis led us to speculate

whether another preservative/antiseptic used in ophthalmol-
ogy could be used as an antiviral for this purpose. Benzalk-
onium chloride (BAK) is a preservative used in many
ophthalmic medications up to concentrations of 0.01%. It is
also used in alcohol-free hand sanitizers at concentrations of
0.1% or higher. BAK is known to be effective in killing
bacteria and some viruses, fungi, yeasts, and protozoa.12 It is
a member of a family of compounds that are classified as
quaternary ammonium compounds. They are commonly used
as antiseptic agents because of their cationic amphiphilic
property, having a distinct hydrophobic and hydrophilic re-
gion.12 The mechanism of action of quaternary ammonium
compounds against bacterial cells is thought to involve a
general disruption of the bacterial membranes.13 Such action
leads to a generalized and progressive leakage of cytoplasmic
contents out of bacterial cells resulting in cell death.13

The Charles T. Campbell Ophthalmic Microbiology Laboratory, UPMC Eye Center, Ophthalmology and Visual Sciences Research
Center, Department of Ophthalmology, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania.

JOURNAL OF OCULAR PHARMACOLOGY AND THERAPEUTICS
Volume 35, Number 5, 2019
ª Mary Ann Liebert, Inc.
DOI: 10.1089/jop.2018.0145

311



The antiviral activity of BAK, at concentrations contained
in common ophthalmic medications, against common ocular
types of adenovirus, a nonenveloped virus, remains un-
known. Its antiviral activity against some enveloped and
nonenveloped viruses, including the nonocular adenovirus
types 25 (Ad25) and 20 (Ad20), has been evaluated previ-
ously.14,15 The results from a study demonstrated that
BAK possessed antiviral activity against enveloped viruses
(HSV-1, HIV-1) but not against Ad25.14 A second study
demonstrated high antiviral activity against the enveloped
viruses HSV-2 and CMV and demonstrated intermediate
antiviral activity against Ad20.15 No ocular adenovirus
types were tested in either of these studies.

Since BAK is present in many ophthalmic medications,
such as antibiotics, corticosteroids, and NSAIDs, could
these medications, already being used by some to treat ad-
enoviral conjunctivitis, be providing antiviral activity
against these infections? This led us to the current study, in
which the goal was to determine whether BAK, at concen-
trations contained in ophthalmic medications as well as skin
disinfectants and hand sanitizers, was effective in reducing
titers of common human ocular types of adenovirus in vitro.

Methods

Viruses and cells

Clinical ocular isolates of human adenovirus types Ad3,
Ad4, Ad5 (n = 2), Ad7a, Ad8 (n = 2), and Ad19/64 (this type
was formerly designated type 19, but now is designated type
64) were recovered from patients at the Department of
Ophthalmology, University of Pittsburgh School of Medi-
cine. The types of the Ad isolates were determined using
serum neutralization. No clinical isolates of Ad37 were re-
covered, so the ATCC (American Type Culture Collection,
Manassas, VA) reference strain of Ad37 was used. The ra-
tionale for the adenovirus types used was as follows: Ad8,
Ad19/64, and Ad37 are the adenovirus types that cause
epidemic keratoconjunctivitis; Ad3, Ad4, Ad5, and Ad7a
are the adenovirus types that produce follicular conjuncti-
vitis; and Ad5 is the adenovirus type that is used in the Ad5/
NZW rabbit ocular model.2–7,16,17

A549 human lung carcinoma cells were used to prepare the
stock adenoviruses and for the determination of adenoviral
titers following treatment. The cells were grown in Eagle’s
MEM with Earle’s salts, and 10% fetal bovine serum (FBS)
from Sigma Cell Culture Reagents (St. Louis, MO).

Benzalkonium chloride

BAK (B6295) was obtained from Sigma-Aldrich (St.
Louis, MO).

In vitro log reduction assay

The study design was based on 2 previous studies.2,18

This assay was conducted in duplicate using *103 to 106

PFU/mL (plaque-forming units per milliliter) of the ade-
noviral types. In brief, 50mL of each of the test viruses were
added to 450mL of BAK concentrations of 0.11%, 0.011%,
0.0055%, 0.0033%, 0.0011%, and 0% prepared in sterile
water. This produced final BAK concentrations of 0.1%,
0.01%, 0.005%, 0.003%, 0.001%, and 0% (negative con-
trol). The virus/BAK mixtures were incubated at 33�C to

mimic the temperature of the ocular surface. After 60 min of
incubation, 500mL of tissue culture media was added to the
mixtures.

Plaque assay to determine the viral titers
after treatment

Immediately following the addition of the tissue culture
medium to the tubes, the samples were serially diluted in
tissue culture medium containing 10% FBS for five 10-fold
dilutions to dilute the BAK and stop the reaction. One
hundred microliters of the samples were inoculated onto
duplicate A549 cell monolayers in 24-well multiplates.
After 3 h of adsorption, 1 mL of tissue culture medium
containing 0.5% methylcellulose was added to each well
that did not contain the Ad8 samples. Wells with Ad8
samples were filled with normal tissue culture medium. The
plates were incubated for 7–10 days at 37�C in 5% CO2.
Following incubation, the media was removed, and the cells
were fixed with formalin and stained with 0.5% gentian
violet. The plates were dried, and the number of plaques was
counted under a dissecting microscope (25 · ). The viral
titers were calculated and presented as PFU/mL.

Data analysis

The viral titers +1 (PFU/mL +1) were converted to Log10,
and the Log10 decreases in titers compared with the negative
control were determined for each trial. The mean – standard
deviation (SD) Log10 decrease in titer for each BAK con-
centration and virus was determined from the data of the 2
trials. The results are displayed as Log10 differences in titer
compared to the negative control for each virus and BAK
concentration. Mean decreases in titer of 3 Log10 (99.9%) or
more were considered virucidal decreases, mean decreases
in titer less than 3 Log10 but greater than 1 Log10 were
considered effective decreases, while decreases in titers of
less than 1 Log10 were considered ineffective decreases.

Results

Table 1 depicts the decreases in titers of the different Ad
types to the different concentrations of BAK. The decreases
are presented as the mean – SD Log10 reductions in titer for
each BAK concentration and Ad isolate. Concentration-
dependent antiviral activity was produced in this study.
BAK 0.1% produced mean virucidal decreases in titers for
Ad3, Ad5, Ad7a, Ad19/64, and Ad37, while it reduced titers
more than 1 Log10 but less than 3 Log10 for Ad4 and Ad8.
However, the decreases in titers produced by BAK 0.1% for
the Ad8 isolates were 1–4 Log10 less than the other Ad types
tested.

Greater than 1 Log10 mean decreases in titers were pro-
duced for Ad5 by BAK 0.003%, 0.005%, and 0.01%. Mean
decreases in titers for Ad types other than Ad5 were £0.53
Log10 for those concentrations, which by our definition were
considered ineffective. BAK 0.001% produced minimal to
no decreases in titers for all Ad types.

Discussion

Based on the results of the current study, it appears un-
likely that BAK, at concentrations used to preserve common
ophthalmic medications, would be effective as an antiviral
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in patients with adenoviral conjunctivitis. The highest con-
centration of BAK used in ophthalmic medications, 0.01%,
demonstrated minimal antiviral activity against Ad types
other than Ad5 at 1 h of incubation, which is much longer
than the residence time of most ophthalmic medications on
the ocular surface. Furthermore, it appears that the BAK
could be ineffective for reducing the amount of adenovirus
in multidose bottles of medications if the solutions became
contaminated. We previously demonstrated that adenovirus
could survive for several weeks in multidose bottles of
fluorescein.19 These results do not suggest that BAK is an
ineffective preservative. The United States Pharmacopeia
(USP) Antimicrobial Effectiveness Testing evaluates the
preservative’s efficacy against 3 bacterial species (Staphy-
lococcus aureus, Pseudomonas aeruginosa, and Escherichia
coli) and 2 fungal species (Candida albicans and Asper-
gillus niger).20 Efficacy testing of the preservatives against
adenovirus is not included in these tests.

In contrast, BAK at 0.1% demonstrated virucidal antiviral
activity against a number of Ad types. However, the in vitro
antiviral activity demonstrated against Ad8, the most com-
monly occurring adenovirus type seen in human conjuncti-
vitis cases, was not virucidal. The decreases in viral titers with
the Ad8 isolates were 1–4 Log10 less than the other Ad types
tested but were still considered effective by our stated criteria.
Therefore, hand sanitizers containing at least 0.1% BAK may
be effective in reducing adenovirus from the hands of ade-
novirus patients. It is very important to sanitize the hands of
these patients to prevent transmission of the virus to unin-
fected patients. Our laboratory has shown that 46% of patients
with adenoviral conjunctivitis had infectious adenovirus on
their hands.21 It may be prudent to have all patients sanitize
their hands when entering an ophthalmology practice.

The current study demonstrated differences in the efficacy
of BAK against the Ad types tested. BAK was deemed ef-
fective at 0.01%, 0.005%, and 0.003% against Ad5 and
ineffective against the other Ad types tested. As described
above, BAK was not as active against Ad8 at 0.1% as the
other types tested. The original study design included only 1
Ad5 isolate (Ad5 isolate MC) and 1 Ad8 isolate (Ad8 isolate
ED). After these results were produced, a second isolate
each of Ad5 (Ad5 isolate MA) and Ad8 (Ad8 isolate CR)
were added to the study to determine whether these effects
were isolate dependent. The second isolates confirmed the
activity of BAK against Ad5 and Ad8 that was demonstrated
with the first isolates. We concluded that BAK produced
type-dependent activity against adenovirus. This study
supports a previous finding, in which our group demon-
strated that 50 ppm (50mg/mL) of polyhexamethylene bi-
guanide was effective against multiple adenovirus types, but
was ineffective against Ad8.18

Further in vitro studies with BAK 0.1% evaluating shorter
times of incubation and concentrations between 0.01% and
0.1% would build upon this preliminary study to determine
whether BAK has the potential as an antiviral against ade-
novirus. This is contingent upon ocular toxicity evaluation.
Ocular toxicity is commonly attributed to BAK contained in
ocular medications.22–26

In conclusion, BAK, at concentrations used in common
ophthalmic medications, was not consistently effective as an
agent against adenovirus, but higher concentrations could be
further investigated as a topical treatment for adenoviral
ocular infections, as long as ocular toxicity is not an issue.
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15. Béleca, L., Tevi-Benissana, C., Bianchic, A., et al. In vitro
inactivation of Chlamydia trachomatis and of a panel of
DNA (HSV-2, CMV, adenovirus, BK virus) and RNA
(RSV, enterovirus) viruses by the spermicide benzalkonium
chloride. J. Antimicrob. Chemother. 46:685–693, 2000.

16. Gordon, Y.J., Romanowski, E.G., and Araullo-Cruz, T. An
ocular model of adenovirus type 5 infection in the NZ
rabbit. Invest. Ophthalmol. Vis. Sci. 33:574–580, 1992.

17. Romanowski, E.G., Roba, L.A., Wiley, L.A., Araullo-Cruz,
T., and Gordon, Y.J. The effects of corticosteroids on ade-
noviral replication. Arch. Ophthalmol. 114:581–585, 1996.

18. Romanowski, E.G., Yates, K.A., O’Connor, K.E., et al. The
evaluation of polyhexamethylene biguanide (PHMB) as a
disinfectant for adenovirus. JAMA Ophthalmol. 131:495–
498, 2013.

19. Kowalski, R.P., Romanowski, E.G., Waikom, B., and Gor-
don, Y.J. The survival of adenovirus in multidose bottles of
topical fluorescein. Am. J. Ophthalmol. 126:835–836, 1998.

20. Tu, E.Y. Balancing antimicrobial efficacy and toxicity of
currently available topical ophthalmic preservatives. Saudi
J. Ophthalmol. 28:182–187, 2014.

21. Azar, M.J., Dhaliwal, D.K., Bower, K.S., Kowalski, R.P.,
and Gordon, Y.J. Possible consequences of shaking hands
with your patients with epidemic keratoconjunctivitis. Am.
J. Ophthalmol. 121:711–712, 1996.

22. Cha, S.H., Lee, J.S., Oum, B.S., et al. Corneal epithelial
cellular dysfunction from benzalkonium chloride (BAC)
in vitro. Clin. Exp. Ophthalmol. 32:180–184, 2004.

23. Burstein, N.L. Preservative cytotoxic threshold for ben-
zalkonium chloride and chlorhexidine digluconate in cat
and rabbit corneas. Invest. Ophthalmol. Vis. Sci. 19:308–
313, 1980.

24. Pfister, R.R., and Burstein, N. The effects of ophthalmic
drugs, vehicles, and preservatives on corneal epithelium: a
scanning electron microscope study. Invest. Ophthalmol.
15:246–259, 1976.

25. Gasset, A.R., Ishii, Y., Kaufman, H.E., et al. Cytotoxicity
of ophthalmic preservatives. Am. J. Ophthalmol. 78:98–
105, 1974.

26. Wilson, W.S., Duncan, A.J., and Jay, J.L. Effect of ben-
zalkonium chloride on the stability of the precorneal tear film
in rabbit and man. Br. J. Ophthalmol. 59:667–669, 1975.

Received: December 6, 2018
Accepted: February 21, 2019

Address correspondence to:
Mr. Eric G. Romanowski
The Eye & Ear Institute

Room 1020
203 Lothrop Street

Pittsburgh, PA 15213

E-mail: romanowskieg@upmc.edu

314 ROMANOWSKI ET AL.


