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Abstract 

This study aims to evaluate the effect of the protocol for the preparation of oxygen-moisturizing chamber on the 
count of its bacteria. 

This study is a double- group clinical trial before and after intervention, which was carried out in the neurology 
ward of an educational hospital in Esfahan from July to December 2015. In this study, 64 oxygen humidifying 
chambers were studied in terms of number and type of microorganisms in two groups of 32 during three phases, 
before, immediately after, and 6 hours after its intervention. In order to identify the microorganisms, the samples 
were cultured on the blood agar and EMB (Eosin Methylene Blue). Then, the routine laboratory methods were 
used to identify the types of microorganisms. Data were analyzed using SPSS 18, Wilcoxon, Mann-Whitney, 
chi-square and Friedman statistical tests. 

The results showed that before intervention, 71.9% (46/64) of oxygen-moisturizing chambers were contaminated 
with microorganisms. The extent of microbial contamination was from 0 to 105 CFU. Most of the contamination 
was with microorganisms such as Lactobacillus spp 23.4% (15/64), Bacillus sp17.2% (11/64), Pseudomonas 
aeruginosa 10.9% (7/64), Coagulase-negative staphylococci 7.8% (5/64), Acinetobacter baumannii 3.1% (2/64), 
Sphingomonas spp 3.1%(2/64), Escherichia coli 1.6% (1/64), Streptococcus spp 3.1% (2/64), Fungus spp 3.1% 
(2/64). However, immediately after the intervention and 6 hours after connecting oxygen-moisturizing chamber 
to the patient, the infection rate was substantially reduced and reached zero (p<0/001). 

With regard to the fact that the contamination of oxygen-moisturizing chamber was significantly reduced after 
the implementation of care protocol, the implementation of this Protocol can be one of the effective measures in 
reducing the transmission of nosocomial infections. 

Keywords: oxygen, oxygen-moisturizing chamber, microbial count 

1. Introduction 

Nosocomial infections have always been one of the major problems, which have imposed heavy costs on the 
health care system (Hajibagheri & Afrasiabian, 2006), in health care centers since the past decades. These 
infections are an important cause of mortality worldwide, which are annually responsible for 42 to 98 thousand 
deaths in the United States of America, and between 17 and 19 million dollars are allocated for controlling these 
infections (Nguyêñ et al., 2000) each year. The incidence of nosocomial infections have been reported to be more 
than 25% in Iran (Abdollahi et al., 2003). They could lead to death, permanent complications, increased length 
duration of hospitalization, increased healthcare costs and dissatisfaction of patients and their entourage. In spite 
of this, a significant proportion of these infections are preventable (Medina et al., 1996). 

One of the most important nosocomial infections is that of the respiratory system, which includes about 15 to 20 
percent of nosocomial infections (Brooks, 2001). Respiratory system infection is created and transmitted in 
different ways, one of which is through providing patients with oxygen. Water tanks are connected to the device 
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in order to moisten the oxygen; however, these water reservoirs may be contaminated with germs and may 
transfer the germs to patients by suspended particles (Sanner, Fluerenbrock, & Kleiber, 2001; Taheri & Jokar, 
2007). 

The study conducted by Rood Dehghan et al. in 2006 showed that the performance of all nurses before the 
oxygen therapy, with regard to the correctness equipment and cleaning water-oxygen tanks in two conducted 
visits, was 0% and weak since only 14.8% of nurses had used sterile distilled water in the moisturizing chamber 
of oxygen (Rood-dehghan et al., 2011). Findings of Brokaksiet al. titled errors and mistakes during oxygen 
therapy of patient hospitalized in Greece showed that 88 percent of nurses stated that there were no protocols for 
oxygen therapy in their wards and special errors and mistakes had been made in prescriptions, controlling, 
cleaning, monitoring and cutting oxygen therapy (Brand, 2010). A study carried out by Aslani et al. in 2009 
revealed that out of 24 samples prepared from oxygen monometers, 17.5% had microbial contamination (Aslani 
et al., 2009). Moreover, the study conducted by Olia et al. in Tehran in 2003 revealed that out of 130 water 
samples taken from oxygen-moisturizing chambers, 90% had microbial contamination (Owlia et al., 2001). 

Existence of sufficient knowledge and awareness about the direct and indirect ways of transmission of 
infection-creating agents is considered one of the essential factors in providing daily care for patients. Since 
providing oxygen is a fundamental activity in nursing practice and nurses are responsible for safe care of patients, 
existence of adequate knowledge and awareness enables nurses to have an important role in prevention, 
detection, treatment and restricting the spread of infectious diseases, especially those transmitted from 
oxygen-moisturizing chambers (Luckman & Sorensen,1987; Bergogne-Berezin, 1995; Seigel & Romo, 1990). 

Therefore, in this study, efforts have been made to study the impact of care protocol for the preparation of 
researcher-made oxygen-moisturizing chamber on the bacterial count in oxygen-moisturizing chambers. 

2. Materials and Methods 

2.1 Sampling, Separation, Diagnosis and Determination of Colony Count of Microorganisms 

This study is of the three-stage double-group clinical trial type. The study population consisted of 
oxygen-moisturizing chambers in the hospital, which was prepared from neurology wards of one of the 
educational hospitals in Esfahan for 6 months from July to December 2015. Culture samples were selected from 
64 oxygen-moisturizing chambers in the internal and neurosurgery wards, which were randomly assigned in two 
groups of 32, control and test groups totally from 64 oxygen-moisturizing chambers. 160 water samples were 
collected by the researcher during two stages, before connecting to the oxygen device and 6 hours after the 
connection to the oxygen device, and were immediately taken to the laboratory by the very same research. The 
samples were selected from normal oxygen-moisturizing chambers that had the ability to separate and rinse. In 
the stage before intervention, Oxygen-moisturizing chambers were filled with sterile water up to the point 
marked, and then water was given contact to all surfaces within the chamber by swab, after that, 5 ml of this 
water was taken with a sterile syringe and was poured into capped sterile tubes, and were immediately 
transported to the laboratory. 

In the 32 chambers of the test group, samples were collected in three stages before, immediately after and 6 
hours after the implementation of the protocol, which were attached to the oxygen device, and were transported 
to the laboratory (Owlia et al., 2001). In the 32 oxygen-moisturizing chambers of the control group, no 
intervention was done before and 6 hours after the chambers were connected to the patient, and the samples were 
collected using the same method and they were immediately sent to the laboratory. 

Water samples sent to the laboratory were centrifuged at 3000 rpm for 10 minutes, and then 10 micro liters of 
sediments were taken in capped pipes sampled by the laboratory expert with a calibrated loop and were cultured 
on the blood agar and EMB medium. Culture media were incubated at 35 to 37°C for 24 to 72 hours, and then 
they were evaluated for microorganism growth. After that, the isolated microorganisms were identified by 
conventional microbiological methods including gram stain, catalase, urease, oxidase, MR, VP tests. Finally, by 
considering the dilution coefficient of 100, the number of colonies was counted and recorded. The obtained data 
were analyzed using statistical-descriptive and analytical software SPSS version 18 and Wilcoxon, 
Mann-Whitney, chi-square and Friedman statistical tests. 

3. Results 

In the present study, out of 160 water samples taken from oxygen-moisturizing chambers, 64 samples are related 
to before the implementation of the care protocol phase. Out of these 46 chambers, 71.9% (46.64) were 
contaminated with microorganisms, and the range of microbial contamination was from 0 to 105 CFU/ml (Table 
1). The average rates of microorganisms in the oxygen-moisturizing chambers were 26588 CFU/ml and 0 
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CFU/ml in before and after intervention respectively (Table 1). The most contaminations with microorganisms 
were Lactobacillus spp 23.4% (15/64), Bacillus spp 17.2% (11/64), Pseudomonas. aeruginosa 10.9% (7/64), 
Coagulase-negative staphylococci 7.8% (5/64), Acinetobacter baumannii 3.1% (2/64), Sphingomonas spp 3.1% 
(2/64), Escherichia coli 1.6% (1/64), Streptococcus spp 3.1% (2/64), and Fungus spp 3.1% (2/64), (Table 2). The 
most common microbial agents that cause respiratory infections in patients were Pseudomonas aeruginosa, 
Acinetobacter baumannii and Escherichia coli, which were also identified and isolated in the present study 
(Connie, Donald, & George, 2011). 

However, in the samples that were taken and collected immediately after the intervention and 6 hours after 
connecting the oxygen-moisturizing chamber to the patient, the infection rate was substantially reduced and 
reached zero (p<0/001). 

 

Table 1. Mean standard deviation and median of the number of colonies of bacteria in the oxygen-moisturizing 
chamber in the control and test groups before, time zero and 6 hours after intervention 

Statistical index 

Control Test 

Before study 
(CFU/ml) 

6 hours after 
study (CFU/ml) 

Before 
intervention 
(CFU/ml) 

Time 
zero 
(CFU/ml) 

6 hours after 
intervention (CFU/ml)

Mean 25612 25769 26588 0 0 

Standard 
deviation 

41188 41156 40157 0 0 

Median 5500 5500 6500 0 0 

 

The results in Table 1 showed that no significant difference was noticed in the test and control groups before 
intervention as far as the number of microorganisms in the oxygen-moisturizing chamber was concerned 
(p=0.29). Nor was any significant difference noticed between the number of microorganisms present in the 
oxygen-moisturizing chamber before the study and 6 hours after attaching the chambers with oxygen in the 
control group (p=0.65). After the implementation of care protocol (time zero) and even 6 hours after attaching 
the oxygen-moisturizing chamber to the oxygen, the intensity of microbial contamination was greatly reduced 
and became zero (p<0.001). 

 

Table 2. Distribution of bacteria in the oxygen-moisturizing chamber in test and control groups before the 
intervention 

Type of bacteria 
Control Test (Before intervention) Total

No % No % No %

Coagulase negative Staphylococci 4 12.5 1 3.1 5 7.8

Bacillus spp 6 18.8 5 15.6 11 17.2

P. aueroginosa 2 6.2 5 15.6 7 10.9

Sphingomonas spp 2 6.2 0 0 2 3.1

Acinetobacter baumannii 2 6.2 0 0 2 3.1

Lactobacillus spp 7 21.9 8 25 15 23.4

Streptococcus sp. 0 0 1 3.1 1 1.6

Escherichia. coli 0 0 1 3.1 1 1.6

Fungus spp 0 0 2 6.2 2 3.1

No grow 9 28.1 9 28.1 18 28.1

Total 32 100 32 100 62 100

 

As shown in Table 2 regarding the frequency distribution of bacteria and with regard to the fact that there was a 
quite random selection of samples and at every stage, sampling had been taken from oxygen-moisturizing 
chamber only once, no significant difference was observed between the test and control groups before 
intervention in terms of number microorganisms (p=0.11).In the control group, and 6 hours after the chambers 
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were attached to the oxygen, the same number of bacteria was observed with insignificant difference in bacterial 
count, which was not put in the above Table. However, in the test group, no bacteria were found immediately 
after the implementation of the protocol and 6 hours after the connection to the patient. 

4. Discussion 

One of the important ways of transmission of microorganisms to patients is the oxygenation process. Water tanks 
connected to the device are used to moisturize the oxygen. These water tanks may be contaminated with 
microorganisms and transfer the microorganisms to patients in the form of suspended particles (Sanner, 
Fluerenbrock, & Kleiber, 2001; Taheri & Jokar, 2007). In the current study, the microbial contamination of 
oxygen-moisturizing chamber was studied. The highest microbial contamination was related to Lactobacillus spp 
23.4% (15/64), Bacillus 17.2% (11/64), Pseudomonas aeruginosa 10.9% (7/64), Coagulase-negative 
staphylococci 7.8% (5/64). From among bacterial factors, Staphylococci, Enterococci and Pseudomonas 
aeruginosa have been introduced as the most important organisms that contaminated medical equipment and 
many internal and external surfaces of many hospital wards (Culver et al., 1991; Edmond & Wenzel, 1995; Pena 
et al., 2003). In the studied conducted by Yoosefi et al., most of contaminations were the Bacillus spp (23.1), 
coagulase negative staphylococci (19.2) and coagulase positive staphylococci (17.6), which is in agreement with 
the results of the current study, and slight differences in the type of bacteria have been related to the sampling of 
various medical equipment in addition to the oxygen manometers (Aslani et al., 2009). In the study carried out 
by Jadhav et al. on oxygen-moisturizing chambers in different wards in a hospital in India in 2011, 61% 
microbial contamination, 39% fungal contamination, 42% gram negative cocci and 19% gram positive cocci 
were extracted (Jadhav et al., 2012). Various studies conducted regarding the identification of microbial factors 
in oxygen-moisturizing chambers causing respiratory infection, it was shown that microbial factors, which could 
cause respiratory infection in early days of hospitalization were Streptococci, Staphylococci, Haemophilus 
influenza and Moraxella catarrhalis. Factors causing respiratory infection 5 to 6 days after hospitalization were 
Pseudomonas spp and Acinetobacter spp, and after 10 days of hospitalization were Enterobacteriaceae and 
Pseudomonas aeruginosa (Phillips & Spencer, 1965; Ringrose et al., 1968; Gandham et al., 2012). 

The presence of microorganisms such as Pseudomonas spp and Enterobacteriaceae in the recent study is 
indicative of lack of adequate washing even in past 10 days, and different types of microorganisms identified in 
various studies from the present research result from difference in sampling wards. 

After the implementation of the care protocol for the preparation of oxygen-moisturizing chambers, it was 
evident that the microbial contamination of these chambers had approached zero. After initial sampling from 
oxygen-moisturizing chambers and determination of microbial and fungal contamination, Jadhav et al, too, 
washed the chambers with water and soap and then disinfected them with ethanol 70% and used distilled water 
to fill them. After the disinfection, they took samples again and noticed that the fungal contamination had 
reached 15% and microbial contamination had reached 12% (Jadhav et al., 2012). Considering the fact that 
high-level disinfecting materials have not been used in the study conducted by Jadhav et al, the difference in 
microbial contamination observed in both studies is justifiable. With regard to various studies conducted by 
researchers from 1979 to 2011, the necessity to use distilled water, change it quickly and even use disposable 
moisturizing chambers in order to decrease the colonization of contaminating bacteria was studied and 
confirmed. To meet this necessity, this study, too, has been considerably effective in decreasing the microbial 
contamination transmitted from these chambers by implementing the care protocol for the preparation of 
moisturizing chambers. 

5. Conclusion 

With regard to the moisture in the oxygen chambers and lack of adequate cleaning, these chambers provide 
favorable conditions for microbial growth. Providing care protocol for the preparation of these chambers could 
prevent the formation and colonization of microorganisms. Therefore, it could greatly reduce the secondary costs 
of treatment of diseases caused by the microbial contamination transferred to patients from these chambers, and 
increase patients’ satisfaction in hospital cares. Hence, it is necessary to pave the way for better implementation 
of this strategy and care protocol in hospitals by establishing constant control and supervisory systems, securing 
financial and human resources, and the required physical space.  

Considering time constraints, microbial sampling tests were not performed from oxygen-moisturizing chambers 
at 12, 24, 48 and 72 hours after the implementation of care protocol so that maximum useful time or 
re-implementation time is determined for this protocol for these chambers. Therefore, further supplementary 
studies should be carried out in a larger time span so that supplementary results are offered to the medical 
community for the implementation of this care protocol. 
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