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Abstract 
Infection control in hospitals is the key strategy for prevention of nosocomial infections by breaking 
down the transmission rout of infection from the source to susceptible patient by using of suitable 
disinfectants. Chlorine Dioxide Gas and Chlorine Gas are promising alternative to other chlorine-
releasing disinfectants. Sixty-five samples were collected from clinical and environmental sources of 
Babylon Hospital for Pediatric and Gynecology and Al-Hilla General Teaching Hospital through a 
period from September 2018 to March 2019. An antibacterial efficacy test of ClO2 and Cl2 was 
performed against Streptococcus pneumoniae, Klebsiella pneumoniae, Enterobacter aerogenes, 
methicillin resistant Staphylococcus aureus (MRSA), Pseudomonas aeruginosa, Escherichia coli, 
Bacillus sp. and Staphylococcus epidermidis. The results indicated that both of ClO2 and Cl2 revealed 
a remarkable antibacterial potency against all of tested bacteria but ClO2 was more active compared 
with Cl2. This antibacterial activity was a variable with the concentration and the type of bacteria. 
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INTRODUCTION 

It is known that some hospitalized patients, 

particularly those patients in the Intensive Care 

Unit(ICU), are at risk for dying not only because of their 

critical health conditions but also because of other 

nosocomial infections which are acquired in the hospital 

after 48 hours of admission, usually associated with 

immunosuppression, the severity of underlying disease, 

invasive medical interventions. Nosocomial Infections 

included bacteremia, septicemia, Urinary Tract Infection, 

Nosocomial Pneumonia, ventilator-associated 

pneumonia, etc. (Horan, et al. (2004. Patwardhan, et 

al.2008. Rahim, et al. 2011) Frequently, Nosocomial 

Infections are caused by bacteria have resistance 

against most common antibiotics such as Methicillin 

Resistant Staphylococcus aureus (MRSA), Multi-Drug 

Resistant Gram-negative bacilli, and Vancomycin 

Resistant Enterococcus faecalis,VRE.(Al-Sa’ady, et al. 

2016. Al-Sa’ady, 2019.) On the other hand, Nosocomial 

Pneumonia caused by S. pneumoniae, Klebsiella 

pneumoniae,Enterobacter sp., S. aureus, P. aeruginosa, 

Haemophilus influenzae, E. coli, and 

anaerobes.(Patwardhan, et al.2008. Al-Sa’ady, Amal 

Talib, 2019. Depuydt & Vogelaers. 2007) All evidences 

were indicating that increasing bacterial antibiotic 

resistance is accompanied with the high rate of 

morbidity, mortality and high cost of health care facilities. 

Moreover, many nosocomial pathogens may not be 

eliminated by the usual cleaning, thus, can survive for 

extended periods on hospital, indoor air and surfaces, 

and contribute to the transmission of infections.(Al-

Sa’ady; et al. 2018. Kramer, et al.2006. Boyce, et 

al.2008) In a study by Otter and French (Jaiswal, et 

al.2018). Resistance of nosocomial bacteria 

Acinetobacter sp., MRSA, K. pneumoniae, C. difficile, 

and VRE and bacterial spores against the 

decontamination by Hydrogen Peroxide Vapor (HPV) 

was reported. Beyond Urinary Tract Infection, 

Pneumonia ranks at the second stage as a most 

common nosocomial infection. Ventilator-associated 

pneumonia (VAP) is the pneumonia associated with 

mechanical ventilation and represented 86% of 

nosocomial pneumonia (Otter1, et al. 2009. Warrenet al. 

2003) Several good chances to reduce the occurrence 

of VAP are available instead of Ventilation may be most 

simple, effective and lest cost, but ventilation is still an 
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important protocol in critically ill patients. 

(Nieuwenhoven,et al.2004. Kollef, 2004). 

The control of indoor air quality has a main task in 

the prevention of nosocomial infections in order to create 

protective conditions for both patients and health care 

workers.(Dodek, et al. 2004. ASHRAE, 2001. Aysa, 

Noor Hadi;A. et al. 2015a)Thus, special control 

strategies of the indoor air quality system must design 

and implement in hospitals, especially for critical areas, 

such as a patient’ s room, delivery room, Intensive care 

unit, operating theatre, the isolation room (Infectious or 

Protective isolation), Laboratories and medical 

equipment. The present study suggests the evaporation 

(fumigation) with ClO2 and/or Cl2 as alternate strategy 

for hospital decontamination. 

Chlorine gas and chlorine dioxide gas are strong 

oxidizing agents. Both have the reaction of the proteins 

and amino acids in the bacterial cell structure and alter 

their chemical characteristics which destroy bacterial 

cell and disintegrate it. Despite, Cl2 and ClO2 have a 

common name, but their chemistry are completely 

different. ClO2 will not produce environmentally 

dangerous chlorinated organics because ClO2 can’t 

react with many organic compounds, whereas Cl2 has 

the ability for attaching with organic compounds to form 

a chlorinated highly toxic compounds that persist in the 

environment long after it is produced.(Körtvélyesi, 2004. 

Aysa, Noor Hadi;A. et al. 2015a; Manan et al., 2019). 

Many studies demonstrated that, very low 

concentrations of ClO2 gas(sub-toxic levels) have 

adequate safety for using as a decontamination agent in 

places of human activities without evacuation. If the 

potent antimicrobial activity of ClO2,at sub-toxic levels, 

was shown, it would be applicable in the prevention of 

respiratory infection transmission in many public places 

without evacuating, such as hospitals, schools, offices, 

airport buildings and theatres without interrupting their 

normal activities.(Gray, Nicholas 2014. Ogata, & 

Shibata, 2008. Aysa, et al. 2015b) 

Aim of Study: The study aimed to use the chlorine 

dioxide gas and chlorine gas in sub-toxic levels to 

decontaminate the hospital’s environments by 

fumigation as novel and suitable strategy for 

decontamination and disinfection to control the 

distribution of bacteria causing nosocomial infections.  

MATERIALS AND METHODS 

Bacterial Isolation and Identification 

Sixty-five samples were collected from different 

sources included: blood, urine, sputum, skin infection, 

wound infection, burn infection, the mask of the 

mechanical ventilator in the emergency unit, cannula, 

Intensive Care Unit (INCU), disinfectant, fluid sucker, the 

catheter, operating theatre in Babylon Hospital for 

Pediatric and Gynecology and Al-Hilla General Teaching 

Hospital. The bacterial isolates have diagnosed by 

VITEK 2 Compact System. 

Antibacterial Activity Test of ClO2 gas and Cl2 

gas 

The bacterial suspension has prepared of turbidity 

equal to McFarland standard tube. Muller-Hinton plate 

has inoculated by streaking with the bacterial. A lower 

bottom of a plane tube(diameter 12 mm) was cut and 

sterilized by two methods, Ultra-Violate and flame of 

burner and placed at the center of inoculated plate in 

order to use it as a container for gas production. The first 

substance was added in the sterilized plane tube 

bottom, then, the second substance was added to it 

carefully. The cover of plate was closed quickly in order 

to keep the produced gas inside. The addition done with 

three different concentrations as shown in Tables 1 and 

2. control plate was inoculated with bacteria for each 

species without any addition. The Incubation was done 

at 37°C for 24hrs. After incubation, the absence of 

growth(no growth) indicated a positive result and the 

produced gas has antibacterial activity. 

RESULTS AND DISCUSSION 

Bacterial Isolation and Identification 

A total of 35 bacterial isolates from different clinical 

sources, as detailed in Table 3, included: Pseudomonas 

 

Fig. 1. Lower bottom of plane tube was cut and sterilized 
in order to use as a container for gas production 

Table 1. Substances were used to produce ClO2 Gas in 
three Different Concentrations 

Concentration 
First substance: 

NaClO2(25%) solution(µl) 
Second substance: 

HCl(35%) In µl 

First Concentration 70 60 

Second Concentration 60 50 

Third Concentration 50 50 
 

Table 2. Substances were used to produce Cl2 Gas in four 
Different Concentrations 

Concentration 
First substance: CaClO2 

powder (gm) 
Second substance: 

HCl (35%) In µl 

First Concentration 0.015 60 

Second Concentration 0.012 50 

Third Concentration 0.006 50 

Fourth Concentration 0.003 50 
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aeruginosa, Methicillin Resistant Staphylococcus, 

Streptococcus pneumoniae, Klebsiella pneumoniae, 

Enterobacter aerogenes, aureus(MRSA), Escherichia 

coli, Bacillus sp., Staphylococcus epidermidis. 

The Antibacterial Activity Test 

The isolating between the hospital environment and 

the sources of infection is most basic procedure to 

Prevent nosocomial infections which can be done by 

breaking down the transmission rout of infection and 

isolating the source of infection from the hospital 

environment, in addition, improving the patient ‘s 

resistance against infection. Using of a suitable 

disinfectant which is one of the key strategies of infection 

control in the hospitals. ClO2 and Cl2 are promising 

alternative to other chlorine-releasing disinfectants. So, 

their antibacterial activity should be understood. 

In the present study, the antibacterial activity test 

was performed for chlorine dioxide gas ClO2 and 

chlorine gas Cl2 gas against 8 species of bacteria 

included nosocomial pathogens and bacteria causing 

pneumonia: Pseudomonas aeruginosa, Streptococcus 

pneumoniae, Klebsiella pneumoniae, Escherichia coli, 

Enterobacter aerogenes, methicillin resistant 

Staphylococcus aureus(MRSA), Bacillus sp., 

Staphylococcus epidermidis. The results of this study 

showed that, both ClO2 and Cl2 have clear antibacterial 

effectiveness against all studied bacterial species with 

some variation, as detailed in Tables 4 and 5. 

These results are accordance with other studies who 

described chlorine dioxide(ClO2) as a strong oxidizing 

agent because it has free radicals and unpaired 

electrons and has broad spectrum of potent 

antimicrobial activities must be studied.(WHO, 2016. 

Eleraky, et al. 2002). Studies by Ogata (Eleraky, et 

al.2002) and Ogata and Shibata(Gray, 2014). 

emphasized that the antimicrobial efficacy of ClO2 is 

ascribable to it’ s ability of protein denaturation resulting 

from the covalent oxidative modification and have shown 

that ClO2 denatures the viral envelope’ s proteins which 

decreased it’ s infectiveness. 

1. Chlorine(Cl2) has used widely in water treatment or 

surface disinfection since 19th century. As a result of his 

deodorizing and disinfecting properties, today, most 

people are very familiar with chlorine as disinfectant due 

to it is a strong oxidizing agent that is highly reactive with 

bacterial cell components such as DNA, proteins, lipids 

and carbohydrates. It is noteworthy that, chlorine is 

readily degenerate of the environment to oxygen and 

chloride which reduces the chance to develop resistance 

against it by pathogen.(Ogata, 2007.Windf, 2011. 

Gilberto, & Eloisa, 2015) 

These findings were in agreement with many studies 

who described chlorine-releasing agents as excellent 

environmental disinfectants have the ability to inhibit 

many kinds of microorganisms such as Gram positive 

and Gram negative bacteria, viruses both enveloped 

and non-enveloped in the low-concentrations and 

reducing the risk of nosocomial infections (Gilberto, & 

Eloisa, 2015. Saheem, et al. 2017. Morino, et al. 

2011.Sanekata, et al. 2010) 

The Antibacterial Activity Test of chlorine 

dioxide gas ClO2 

In the present study, Controlled-Releasing Chlorine 

Dioxide Gas(ClO2) was tested as antibacterial agent 

against 8 bacterial species in vitro. The results 

emphasized that chlorine dioxide gas has absolute 

antibacterial activity against all studied bacterial species 

in all concentrations, Table 4. All studied bacterial 

Table 3. Bacterial Isolates and Their Sources in the Present Study 
No. The Source of Isolation The Bacterial Isolates 

1 Blood (Septicemia) K. pneumoniae; Methicillin Resistant S. aureus 

2 Urine (UTI) K. pneumoniae; Enterobacter aerogenes E. coli 

3 Sputum (Pneumonia) Streptococcus pneumoniae; K. pneumoniae; P. aeruginosa 

4 Skin Infection(Nosocomial) Methicillin Resistant S. aureus; Staphylococcus epidermidis 

5 Wound Infection(Nosocomial) Enterobacter aerogenes; Methicillin Resistant S. aureus; P. aeruginosa; E. coli 

6 Burn Infection( Nosocomial) Methicillin Resistant S. aureus; E. coli; Bacillus sp; Staphylococcus epidermidis 

7 Mask of Mechanical Ventilator in Emergency Unit (Nosocomial) Streptococcus pneumoniae; P. aeruginosa; Bacillus sp. 

8 Cannula(Nosocomial) Methicillin Resistant S. aureus; Bacillus sp.; P. aeruginosa 

9 Intensive Care Unit(ICU)(Nosocomial) P. aeruginosa; Bacillus sp.; Staphylococcus epidermidis 

10 Fluid Sucker(Nosocomial) Methicillin Resistant S. aureus; P. aeruginosa; Bacillus sp. 

11 Catheter(Nosocomial) Methicillin Resistant S. aureus; P. aeruginosa 

12 Operating Theatre (Nosocomial) E. coli; Bacillus sp.; Staphylococcus epidermidis 

13 Disinfectant(Nosocomial) P. aeruginosa 
 

Table 4. Antibacterial activity for three concentrations of Chlorine Dioxide Gas 

Bacterial isolates Source of Isolate 
Concentration 

First Conc* Second Conc Third Conc 

S. pneumonia Sputum No growth No growth No growth 

K. pneumonia Sputum No growth No growth No growth 

E. aerogenes Urine No growth No growth No growth 

Methicillin Resistant S. aureus Wound Infection No growth No growth No growth 

P. aeruginosa Disinfectant No growth No growth No growth 

E. coli Operating Theatre No growth No growth No growth 

Bacillus sp. Mask of Mechanical Ventilator No growth No growth No growth 

S. epidermidis Catheter No growth No growth No growth 

Conc*= Concentration 
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isolates have high sensitivity with no growth after the 

treatment by chlorine dioxide gas under controlled 

conditions as shown in Fig. 2. 

The results in the present study are in agreement 

with many studies who described ClO2 gas as an 

excellent disinfectant has a broad spectrum of 

antimicrobial efficacy (Aysa, et al. 2015a, Gilberto, & 

Eloisa, 2015, Sanekata, et al. 2010.  

Chlorine dioxide is a water-soluble gas and has been 

known as an antimicrobial agent has been used in 

wastewater treatment and water purification because it 

reveals fast kill a broad range of microbes by oxidation, 

penetration and killing of bacterial cell through reaction 

with essential amino acids in the protoplasm. Because 

of it’ s fungicidal and sporicidal activity in solutions, ClO2 

is considered the most effective on hard surfaces 

compared to other disinfectants.(Young, 2016.Sun X1, 

et al.2014). 

Antibacterial Activity Test of chlorine gas Cl2 

gas 

In the present study, Antibacterial Activity of Chlorine 

Gas(Cl2) was tested under controlled conditions against 

8 bacterial species, in vitro. The results emphasized that 

chlorine gas has antibacterial activity against all studied 

bacterial species, but, this activity varies with various 

concentrations and with various bacterial species. As 

detailed in Table 5, antibacterial activity decreased with 

the decreasing in concentration, in the lower tow 

concentrations(third and fourth) three species of studied 

bacteria (Bacillus sp., K. pneumoniae, P. aeruginosa) 

have growth at the inner perimeter of the petri dish as 

shown in Fig. 3. Depending on their virulence factors, 

various bacteria differ in their susceptibility to 

   
(a)          (b)          (c) 

   
(d)          (e)          (f) 

  
(g)          (h) 

Fig. 2. Antibacterial Activity of Chlorine Dioxide Gas (ClO2) in the present study a: Antibacterial activity of ClO2 gas against 
MRSA b: Antibacterial activity of ClO2 against S. epidermidis c: Antibacterial activity of ClO2gas against Bacillus sp. d: 
Antibacterial activity of ClO2 gas against S. pneumoniae e: Antibacterial activity of ClO2 gas against E. coli f: Antibacterial 
activity of ClO2 gas against P. aeruginosa g:Antibacterial activity of ClO2 gas against E. aerogenes h: Antibacterial activity 
of ClO2 gas against K. pneumoniae 
A: Control without treatment by chlorine dioxide gas 
B: No growth after the treatment by chlorine dioxide gas(full inhibition) 

Table 5. Antibacterial activity for three concentrations of chlorine gas 

Bacterial isolates Source of Isolate 
Concentration 

First Conc* Second Conc Third Conc Fourth Conc 

S. pneumoniae Sputum No growth No growth No growth No growth 

K. pneumoniae Sputum No growth No growth Partial Growth** Partial Growth 

E. aerogenes Urine No growth No growth No growth No growth 

MRSA Wound Infection No growth No growth Partial Growth Partial Growth 

P. aeruginosa Disinfectant No growth No growth No growth No growth 

E. coli Operating Theatre No growth No growth No growth No growth 

Bacillus sp. 
Mask of Mechanical Ventilator 

 
No growth No growth Partial Growth Partial Growth 

S. epidermidis Catheter No growth No growth No growth No growth 

Conc*=Concentration;  Partial Growth** = Growth at the inner perimeter of the petri dish 
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disinfectants. Bacillus sp., is Gram positive spore 

forming bacteria. The survival of these bacteria in the 

present test may be ascribable to it’ s ability of spore 

formation because spores are highly resistant for hard 

chemical and physical conditions and make it is difficult 

to eliminate(Weaver-Meyers, et al. 2000). P. aeruginosa 

and K. pneumoniae are Gram-negative rods have ability 

to produce fully established biofilms. The survival of 

these bacteria in the present test may ascribable to it’ s 

ability of biofilm formation which increases the 

resistance to antibiotic therapy, disinfection and 

phagocytosis, as well as other parts of the immune 

system and cause chronic infections. In the present 

study, P. aeruginosa and K. pneumoniae have high 

sensitivity for chlorine dioxide gas more than chlorine 

gas which may ascribable to the ability of chlorine 

dioxide to penetrate the biofilm and effectively remove it. 

While, chlorine is not able to do this.(Zhang, 2007.Block, 

2004. Van Laer, et al. 2008.Rasamiravaka, et al. 2015) 

All reviewed evidences in the present study were 

indicating that chlorine gas has antibacterial activity less 

than those of chlorine dioxide gas. This result was in 

agreement with the fact that, at equivalent doses, 

chlorine dioxide has 4-7 times more effective as a 

biocidal agent than chlorine and it is more powerful has 

clear antibacterial effectiveness. In addition, chlorine 

dioxide has a broad spectrum of environmental 

advantages and safety more than chlorine and other 

antibacterial agents. On the other hand, chlorine dioxide 

does not produce halogenated, carcinogenic by-

products which may be produced when chlorine is used. 

additionally chlorine dioxide keeps it’ s activity under a 

wide range of pH about 1-10, while the efficacy of 

chlorine may be significantly reduced above neutral or 

basic pH(Morino, et al. 2011). In a study by Sadeghi et 

al(Vuotto et al. 2017) the developed self-releasing sheet 

was used for releasing ClO2 at suitable concentrations 

in order to maintain the quality of cherry tomatoes and 

prolong it’ s postharvest life by inactivation of microbial 

growth and recommended that it can be used for medical 

or industrial applications. 

CONCLUSION  

● Chlorine dioxide gas(ClO2) and chlorine gas (Cl2) 

were releasing in the laboratory under controlled 

conditions. 

● Although, both revealed clear antibacterial 

effectiveness against pathogenic nosocomial bacteria 

either Gram-negative or Gram-positive, ClO2 gas has 

antibacterial activity more than those of Cl2 gas. 

● ClO2 gas and Cl2 gas in nontoxic concentrations can 

be used in the different medical applications for 

disinfection and sanitization. 

   
(a)          (b)          (c) 

   
(d)          (e)          (f) 

  
(g)          (h) 

Fig. 3. Antibacterial Activity of Chlorine Gas in the Present a: Antibacterial activity of chlorine gas against MRSA b: 
Antibacterial activity of chlorine gas against S. epidermidis c: Antibacterial activity of chlorine gas against Bacillus sp. d: 
Antibacterial activity of chlorine gas against S. pneumoniae e: Antibacterial activity of chlorine gas against E. coli f: 
Antibacterial activity of chlorine gas against P. aeruginosa g: Antibacterial activity of chlorine gas against E. aerogenes h: 
Antibacterial activity of chlorine gas against K. pneumoniae 
A: Control without treatment by chlorine gas 
B: No growth after the treatment by chlorine gas(full inhibition) 
C: Growth at the inner perimeter of the petri dish after the treatment by chlorine gas(partial inhibition 
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