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Inhibition of Clinical Nosocomial Bacteria by Chlorine Dioxide
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Namseoul University, Cheonan-city, Choongnam 31020, Korea

Chlorine dioxide is an effective chemical to inhibie growth of bacteria and viruses or to disiniefected areas. In
this study, the effects of chlorine dioxide on salkacteria in hospitals were analyz&ifioiococcus otitis, Kocuria rosea,
Leuconostoc mesenteroides spp. andtaphylococcus lentus as gram-positive bacteria aAdinetobacter Iwoffii, Aeromonas
salmonicida, Brucella melitengis, Oligella ureolytica as gram-negative bacteria were done for the ignibanalysis. The
growth and morphology of the bacteria were analygeplacing a plastic stick which was called "FaFale (medistick/
Puristic)" provided by Purgofarm, co, Ltd. to rale&IQ (13 ppmv/hr) next to the plate where the bacteeee incubated
for 24 hours. Less than 10 bacterial colonies weeaduated as having 99% inhibitory effect. Thaahhacterial culture
concentration of 0.5 McFaland turbidity was goaddinalyzing the chlorine dioxide inhibitory effeél bacteria could
be easily counted post 24 hr co-incubation with, Dt A. otitisandA. Iwoffii without CIQ gas were not countable due
to very dispersed colony types which were not ggfibfor result analysis. As shown in this studeg, FlarmeTok plastic
stick, which discharges chlorine dioxide at 13 pgrheur, was evaluated to be sufficient to supptesabove bacteria
in the hospital. Bacteria existing in the cliniclsas this hospital will be used as a data to iirthié growth of bacteria by
using CIQ, and molecular biology analysis using the genleaateria will be possible in the future rather thnibiting
the growth of bacteria itself.
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Chlorine dioxide, CIg is water-soluble gas of a strong spectrum (Gomez-Lépez et al., 2009; Wang et all6R0

oxidative activity (Moran et al., 1953; Fukayamalet1986;
Chung et al., 2018), and it is thought to havehittiy or
disinfective effects to bacteria, yeast, moldsdngses (Sy
et al., 2005; Morino et al., 2009; Lowe et al., 20Kim et
al., 2016; Chung et al., 2018). Chlorine dioxid&Gstimes
more soluble in water than sodium hypochlorite,clvhis
less reactive with organics and used as a disarfedbr

food (Jung et al., 2019). Cj@as is an effective disinfectant

agent with strong oxidization ability and a broadcklal

Sanekata et al. (2010) reported that chlorine dexias
treated at a concentrations of 1 to 100 ppm foselfonds
and it had a powerful antiviral function that inaated more
than 99% of the virus. In addition, the treatméntidorine
dioxide inhibited the growth of bacteria in cropgls as
blueberries (Wu and Kim, 2007; Xu et al., 2016) pagrika
(Kim and Song, 2017).

In our previous study, microorganisms isolated frayso-
comial environment, e.flicrococcus luteus, Granulicatella
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adiacens, Saphylococcus caprae, etc, were inhibited upto
99% by a plastic stick releasing chlor ine dioxi@es pro-
vided by Purgofarm company.

In this study, clinical nosocomially shown bactewiaich
had little infection case and no report until noergvevalu-
ated by the effects of ClQgas for inhibition tests. Four
gram- positive bacteria and four gram-negativedsizctvere
applied. Briefly,Alloiococcus otitis, Kocuria rosea, Leuco-
nostoc mesenteroides spp. andSaphylococcus lentus as
gram-positive bacteria artinetobacter Iwoffii, Aeromonas
salmonicida, Brucella mditenss, Oligella ureolytica as
gram-negative bacteria were done for the inhibitiest.
Briefly, O. ureolytica is an aerobic gram-negative bacillus
in human urinary tracts bt rosea has also been found to
cause urinary tract infections in patients with kesed
immune systemd.. mesenteroides is associated with slime
production.A. ctitis is a species of bacteria first isolated
from human middle-ear fluid, ar&llentusandA. lwoffii are
seen as normal flora of skif. salmonicida is an etiological
agent for furunculosis which causes sepsisBamHitensis
is a bacterium to cause ovine brucellosis. Theyevpee-

viously isolated from nosocomial environment (Samgl
Jung, 2017). The isolated bacteria were subcultimted
other tryptic soy agar (TSA, MB cell, Korea) plate37C
and were confirmed by Gram-staining procedures (&im
al., 1988).

All bacterial strains were stated belovotitis, K. rosea,
L. mesenteroides spp. ands lentus as gram-positive bacteria
andA. Iwoffii, A. salmonicida, B. melitens's, O. ureolytica
as gram-negative bacteria were done for the imntnibiest.
Prior to the inhibition test, single bacterial cués were
adjusted to 0.5 of McFaland turbidity, diluted wilt85%
NaCl to form approximate 1.5 1C to 1.5 < 1 colony
forming units (CFU)/mL (Song and Jung, 2017). Thetéria
were cultured with TSA medium for the next procedur
Bacteria plates were applied with a plastic stizkmely,
"FarmeTok (medistick/Puristic) kindly provided byrgo-
farm, co, Ltd. (Hwasung, Gyeonggi-do, Korea)" todace
CIO, (13 ppmv/hr) (Song and Jung, 2017). In order to
observe the growth and culture of bacteria, badttplates
were placed in a plastic clear chamber (258\350D X<
200H) at a 3T incubator and observed for 24 hr.

Table 1. The number of bacterial colonies

Gram

Initial numbers

Numbers after 24 hr Growth inhibition rate

staining Bacteria Groups (CFU/mL) (CFU/mL) (%)’
+ A. otitis Control 15x% 1¢° Uncountablé -
+ A. otitis clo, 15 x 1¢° 0 99.9
+ K. rosea Control 1.5x 108 43 -
+ K. rosea clo, 15 % 1¢° 0 99.9
+ L. mesenteroides spp. Control 1.5< 10 Uncountablé -
+ L. mesenteroides ssp. clg 15 x 10 0 99.9
+ S lentus Control 15x% 10 Uncountablé -
+ S lentus clo, 15 % 10 9 99.9
- A. Iwoffii Control 15x 1¢° Uncountablé -
- A. lwoffii clo, 15 x 1P 0 99.9
- A. salmonicida Control 15% 10 330 -
- A salmonicida clo, 15 x 10 1 99.9
- B. melitensis Control 15% 10 420 -
- B. melitensis Clo, 15 % 10 0 99.9
- O. ureolytica Control 1.5x 10 Uncountablé -
- O. ureolytica Clo, 15 x 10 0 99.9

* 100 - (Numbers after 24 hr / Initial numbers) 100

** Uncountable indicated bacterial colonies to beteasily counted due to very high numbers of theinbers
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ClO,-treated ClOo-treated
None for 24 hr None for 24 hr

A. otitis

K. rosea

L. mesenteroides spp.

S. lentus O. urelytica

Fig. 1.Bacterial plates treated by chlorine dioxide gas f®24 hr. Four gram-positive (A) and four gram-negative &dat(B) were applied.

The number of bacterial colonies formed after 2dréio  Ralstonia solancearum (Yao et al., 2010). In our study, the
with the plastic stick next to the bacterial plates calculated plastic stick of FarmeTok released GIQ3 ppmv/hr) gas
(Table 1). The number and morphology of the bateri and was sufficient to inhibit the bacterial growth.
colonies formed were visually analyzed, with ldsmnt10 Analysis of the efficiency and safety of chloririexide
bacterial colonies estimated to be 99% inhibited e  showed that chlorine dioxide concentrations of & 26
0.5 of McFaland turbidity used was sufficient taalgme  ppm, respectively, were sufficient to inhibit theogth of
inhibition by CIQ gas. Fig. 1 showed bacterial colonies by bacteria and fungi by 98.2%. Some bacteria carppled
the treatment of Clggas. All bacteria could be easily coun- in specific condition and environments. Chlorinexitie
ted, butA. otitis and A. Iwoffii without CIQ, gas were not  concentrations of 385 ppm have been safely maadaim
countable due to very dispersed colony types whielre  hospitals of large facilities (Lowe et al., 2013).
not affected for result analysi. otitisandK. rosea forming The inhibition mechanism of CiGs unclear, but the
1.5 % 10° CFU were inhibited with 99% of no colony in action of CIQ is only known as inhibition. For porcine re-
treated with CI@ gas. Taken together, FarmeTok releasingproductive and respiratory syndrome virus (PRR&(],
ClO, gas was very effective to inhibit bacterial growth could inhibit the first stage of viral life, whicimhibited

This study could give the information of uncommén-c  binding itself to cells where PRRSV was not intépeal
ical bacteria and effectiveness of chlorine dioxigleasing  and released (Zhu et al., 2019).
plastic stick to prevent bacterial growth. Eighttesaa in The plastic stick releasing CI@13 ppmv/hr) gas was
this study were almost completely inhibited forwtlo by ~ enough to inhibit the bacterial growth with 99%th&lugh
the CIGQ gas. CIQ at concentration of 1.3 and 13 mg/L the pathogenicity of bacteria is not known to iiththe
killed against these pathogens, eegwinia carotovoraand  growth of chlorine dioxide, the concentration ofiocime
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dioxide must be treated higher to inhibit the glowef
methicillin-resistant aureus (MRSA) andK. pneumoniae,
which are potent pathogenic. According to a re$epaper
by different concentration of Cf(dHsu et al., 2016), after
40 weeks of ClQuse by 0.30.5 mg/L, the overall non-
fermented gram negative bacillus colonies decresigadi-
cantly (hot water: 1668143 vs 2t4 cfu/mL).

Bacteria existing in the clinic such as this hagpitill
be used as a data to inhibit the growth of bacbsriasing
chlorine dioxide, and molecular biology analysi;ngghe
gene of bacteria is possible in the future rathen tnhibiting
the growth of bacteria itself.
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