
Biblical sources dictate routine ritual circumcision for Jew-
ish boys at eight days of age. The practice is widely accept-

ed in the Jewish population. Suctioning of the blood immedi-
ately after cutting the foreskin is usually performed by a tube (a 
pipette). In a minority of cases, oral suction, called Metzitzah 
Be'Peh (MBP), is performed by the circumciser (the Mohel).

In general, circumcision carries many medical advantages 
including reduced risk of urinary tract infections in infants and 

young boys. In addition, virtually all sexually transmitted dis-
eases are reported to be less common in circumcised men [1-3]. 
Nevertheless, several cases of herpes simplex virus 1 (HSV-1) 
infection following MBP are reported each year. 

HSV-1 infection places the affected neonates at high risk for 
developing fatal disease [1,4,5]. Most Mohalim undergo training 
and are certified through a joint committee of the Chief Rabbin-
ate of Israel and the Israeli Ministry of Health and are instructed 
not to perform MBP if they have any kind of oral lesions. Still, 
HSV-1 can be present in saliva without signs of lesions or symp-
toms [6]. Although the use of a mucus extractor device instead 
of MBP has been authorized by some rabbis, the practice re-
mains controversial among ultra-Orthodox Jewish groups, with 
some rabbis claiming that MBP harbors religious significance 
and should therefore not be replaced by other means [7]. 

The aim of this study was to find a strategy that would be 
compatible with the religious aspects of circumcision and, at 
the same time, reduce or even eliminate the risk of infection 
due to MBP. We sought an oral rinse solution that can be used 
just before MBP to efficiently prevent the infectivity of HSV-1 
in saliva, eliminating the risk of infection. This solution is not 
intended to replace the use of a mucus extractor device or to 
approve MBP in the event of an oral lesion, but only to provide a 
means of reducing the risk of infection when MBP is performed 
in the absence of oral lesion because of religious justification.

Monkey Kidney Vero cells (Cat. no. ccl-81; American Type Cul-
ture Collection, Manassas, VA, USA) were grown in Eagle's min-
imum essential medium with non-essential amino acids (MEM-
NAA) supplemented with 10% heat-inactivated fetal bovine 
serum (FBS), streptomycin 0.8 mg/ml, penicillin 800 U/ml, and 
mycostatin 50 U/ml. The cells were cultured at 37°C in a humid-
ified incubator containing 5% CO2.

All reagents (medium and serum) were purchased from Bio-
logical Industries Israel Beit-Haemek, Ltd. (Kibbutz Beit Hae-
mek, Israel). HSV-1 (VR3 strain) was provided by Dr. A. Nah-
mias (Emory University School of Medicine, Atlanta, GA, USA).



Different Listerine® products sold under the Listerine® label, 
including Cool Mint, Total Care, Fresh Burst, Green Tea, and 
Zero (Johnson & Johnson, Pomezia, Italy); Corsydil (Purna 
pharmaceuticals LTD, Puurs, Belgium); Decapinole (Sinclair 
Pharma, London, UK); Tantum Verde (Aziende Chimiche Ri-
unite Angelini Francesco, Ancona, Italy); and Gingigel (Ricer-
farma s.r.l., Milan, Italy) were purchased from a local pharmacy 
and stored at room temperature.

A confluent Vero cell monolayer was infected with HSV-1 (VR3 
strain) at a multiplicity of infection (MOI) of 0.01. At 96 hours 
post-infection, when significant cytopathic effects (CPE) were 
observed, the cell culture was frozen at -80°C, for 24 hours and 
then thawed; supernatant was collected and centrifuged at 400 × g 
for 10 minutes. The cleared supernatant was aliquoted and stored 
at -80°C. The stock was titrated using a standard plaque assay.

Vero cells were seeded in 96-well plates, at a density of 2 × 104 
cells per well. One day later, cells were incubated with medium 
supplemented with 10% FBS containing Listerine® (different 
products) at escalating concentrations up to 12% v/v in medi-
um supplemented with FBS 10% for 1 hour, washed once and 
then covered with fresh medium supplemented with 10% FBS. 
Cytotoxicity was assessed 16 hours after exposure using the 
LDH-Cytotoxicity Assay Kit, according to the manufacturer's 
instructions. Each concentration was tested in five wells. The 
average O.D. value of each concentration was taken for calcu-
lating the percent of cytotoxicity according to a formula provid-
ed by the manufacture.

HSV-1 (108 plaque-forming units [pfu]/ml) was diluted 1:100 
in different oral rinse solutions and incubated for 30 seconds. 
Cell medium supplemented with 2% FBS served as a control 
solution. Immediately after, viruses were further diluted up to 
10-7 in cell medium supplemented with 2% FBS and 0.1 ml of 
each dilution was used to infect Vero cells that had been seeded 
one day earlier, at a density of 3 × 105 cells per well in 24-well 
plates. Infected cells were incubated for 1 hour, with constant 
shaking, in a CO

2
 supplemented incubator, at 37°C. Cells were 

then rinsed once with cell medium and covered with cell medi-
um supplemented with 2% FBS and 2% carboxymethyl cellu-
lose (CMC) and incubated for another 72 hours in a CO

2 
supple-

mented incubator, at 37°C until plaques developed. Cells were 
washed twice with PBS and then fixed and stained with 20% 
ethanol fixation solution containing 1% Gentian Violet. Plates 
were photographed to enable visual evaluation of virus cyto-
pathic effect.

HSV-1 (108 pfu/ml) was diluted 1:100 in different products of 
Listerine® oral rinse solutions or in 24% ethanol w/w in cell 
medium supplemented with 2% FBS and incubated for 30 sec-
onds. Cell medium supplemented with 2% FBS served as a con-
trol solution. Immediately after, viruses were further diluted up 
to 10-7 in cell medium supplemented with 2% FBS and 0.4 ml of 
each dilution was used to infect Vero cells that had been seeded 
one day earlier at a density of 106 cells per well in 6-well plates. 
Infected cells were incubated for 1 hour with constant shak-
ing in a CO2 supplemented incubator at 37°C. Next, cells were 
rinsed once with cell medium and covered with cell medium 
supplemented with 2% FBS and 2% carboxymethyl cellulose 
(CMC) and incubated for another 72 hours in a CO2 supple-
mented incubator at 37°C until plaques developed. Cells were 
washed twice with PBS and then fixed and stained with 20% 
ethanol fixation solution containing 1% Gentian Violet. Plates 
were photographed and plaques were counted over a light box.

Treatment of stock virus with either Corsodyl, Decapinol, or 
Listerine® (product named Fresh Burst) totally inhibited plaque 
formation while few plaques appeared after incubating stock 
virus with Gengigel or Tantum Verde [Figure 1]. Due to the ob-
served effectiveness of Listerine®, which aligned with its previ-
ously reported virucidal effect on HSV, both in vitro and in vivo 
[8,9,10], its worldwide distribution, and kosher certification, we 
chose to focus subsequent analyses on this specific oral solution 
and analyze the efficacy of different Listerine® products.

As indicated by Johnson & Johnson, the active ingredients in 
Listerine® are four essential oils named eucalyptol, menthol, 
thymol, and methylsalicylate. Ethanol serves only as a vehicle 
for dissolvent since essential oils are hydrophobic. Some Lister-
ine® products do not contain ethanol as solvent. A comparison 
of five different products, with or without ethanol, all containing 
four essential oils (named Cool Mint, Total Care, Fresh Burst, 
Zero, and Green Tea) demonstrated that all products, equally 
and fully inhibited virus infectivity, while 24% ethanol solution 
alone had no effect [Figure 2] and Table 1.

The active components in Listerine® are essential oils, which 
can be irritating to injured epithelia and should not meet injured 
tissue [11]. Therefore, a second rinse with water immediately 
after the oral rinse with Listerine® should be generally per-



formed before MBP. To confirm the safety of residue that might 
remain in the saliva even after rinsing with water, we analyzed 
the cytotoxicity of all tested Listerine® products by exposing 
cell coulters to various low concentrations of each product in 
cell medium containing 10 FBS for 1 hour [Figure 3]. Cyto-
toxicity was measured 16 hours post exposure as detailed in 
material and methods. As shown in Figure 3, none of the oral 
solutions proved toxic at concentrations up to 7% v/v in cell cul-
ture growth medium. However, ethanol-free Listerine® prod-
ucts showed a significant cytotoxic effect at concentrations of 
10% v/v, while ethanol-containing products were not cytotoxic 
at 12% v/v. Taken together, we recommend using the products 
containing ethanol since the possibility of having harmful resi-
dues in saliva after a second rinse with water is negligible.



The goal of this study was to identify a practice to reduce HSV-1 
infection rates in neonates following MBP performed during a 
traditional circumcision procedure and be accepted by all sec-
tors in Judaism.

The risk of acquiring the virus by this route in Israel is  rel-
atively rare, with only several cases reported each year. An ep-
idemiological 6-year multi-center study, conducted at Wolfson 

Medical Center, found 22 cases of neonatal herpes simplex virus 
infection with only 7 cases due to ritual circumcision [12]. Its 
low incidence is due to the rare practice of MBP; most Moha-
lim today use an appropriate suction device, such as amucus ex-
tractor. In addition, HSV-1 antibodies are prevalent in the adult 
population. An epidemiological study of the Israeli population 
showed 50% HSV-1 seropositivity by the age of 14 years [13]. 
Neonates born to HSV-1-positive mothers might be protected 
by antibodies transferred to them during pregnancy. Taken to-
gether, only when the mother is HSV-1-negative, and the Mohel 



asymptomatically sheds HSV in saliva and performs MBP, can 
infection occur. Still, the risk of developing life-threatening dis-
ease following HSV-1 infection warrants preventative actions. 
Before performing MBP, the Mohel places wine in his mouth, 
which generally contains 7–10% ethanol. However, the pres-
ent observations demonstrated that even 24% ethanol failed to 
curb virus infectivity. In contrast, we found that several over-
the-counter oral rinse solutions efficiently destroy HSV-1 infec-
tivity. We focused specifically on Listerine® due to a published 
in vivo study indicating its efficacy in eliminating contagious 
HSV-1 from saliva after a 30-secondsoral rinse [8]. Indeed, 
Listerine® reduced the infectivity of spiked virus by more than 
4 orders of magnitude. The five different products of Listerine® 
assessed were all equally effective in eradicating the infectivity 
of HSV-1. Eucalyptol, methyl salicylate, thymol and menthol 
essential oils are listed as the active ingredients of Listerine®.

A recent comprehensive review of the antiviral effect of essen-
tial oils against HSV indicated that many essential oils act against 
HSV and other enveloped viruses by inhibiting their attachment 
or by demonstrating a virucidal effect [14, 15]. Astani et al. [16] 
found that essential oils from eucalyptus and thymol, both includ-
ed in Listerine®, reduced HSV-1 infectivity by > 96% [16]. There-
fore, use of Listerine® immediately before performing MBP will 
inactivate most of viral particles in the saliva and hopefully will 
reduce events of infection. This study is primarily based on in vitro 
studies and imply only to inactivation of virus particles already ac-
cumulated in saliva, therefore clinical recommendations regarding 
prevention or treatment of cold sores are irrelevant to this study.

To prevent harm to the wound by direct contact with Lister-
ine® residues, we recommend a second oral rinse with water 
immediately after the Listerine® wash. After the second rinse, 
the probability of Listerine® residues in the saliva at concentra-
tion exceeding 7% v/v, is negligible. The proposed solution is 
consistent with the most stringent Jewish law and can be adopt-
ed by all the Mohalim that are obligated to perform MBP. The 
time to perform these two oral rinses is critical to its effective-
ness, as virus shedding is an ongoing process, and it can return 
to pre-rinse levels within 60 minutes [8]. Thus, it should be per-
formed not earlier than few minutes before MBP. It is important 
to empathize that this procedure cannot guarantee protection 
against infection to the same degree as a suction device and is 
therefore not intended as a replacement for the mucus extractor 
device or as an approval to practice MBP when an oral lesion is 
present. The Mohel should not perform MBP if he has any oral 
lesion (sore) or any infectious disease that can be transmitted 
via saliva and to rinse the mouth with Listerine cannot abrogate 
this strict order. This solution is intended to help reduce the risk 

of infection in cases when the Mohel and the newly born child's 
parents feel obligated to perform MBP. 

Adopting the practice of careful mouth washing with Lister-
ine® may prevent cases of herpes infections. We hope that the 
use of Listerine® will indeed become part of the procedure of 
performing MBP in the years to come.


