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Background: Airborne transmission of pathogenic resistant bacteria is well recognized as an important 
route for the acquisition of a wide range of nosocomial infections in hospitals. The aim of this study was 
to determine the prevalence of airborne vancomycin and gentamicin (VM and GM) resistant bacteria in 
different wards of four educational hospitals.
Materials and Methods: A total of 64 air samples were collected from operating theater (OT), Intensive Care 
Unit (ICU), surgery ward, and internal medicine ward of four educational hospitals in Isfahan, Iran. Airborne 
culturable bacteria were collected using all glass impingers. Samples were analyzed for the detection of 
VM‑ and GM‑resistant bacteria.
Results: The average level of bacteria ranged from 99 to 1079 CFU/m3. The highest level of airborne bacteria 
was observed in hospital 4 (628 CFU/m3) and the highest average concentration of GM‑ and VM‑resistant 
airborne bacteria were found in hospital 3 (22 CFU/m3). The mean concentration of airborne bacteria 
was the lowest in OT wards and GM‑ and VM‑resistant airborne bacteria were not detected in this ward 
of hospitals. The highest prevalence of antibiotic‑resistant airborne bacteria was observed in ICU ward. 
There was a statistically significant difference for the prevalence of VM‑resistant bacteria between hospital 
wards (P = 0.012).
Conclusion: Our finding showed that the relatively high prevalence of VM‑ and GM‑resistant airborne 
bacteria in ICUs could be a great concern from the point of view of patients’ health. These results confirm 
the necessity of application of effective control measures which significantly decrease the exposure of 
high‑risk patients to potentially airborne nosocomial infections.
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INTRODUCTION

Hospital‑acquired infections (HAIs) are the major 
causes of death and increased morbidity among 
hospitalized patients.[1] However, antibiotic‑resistant 

bacteria are involved in many of these infections 
(about 70%).[1,2] Antibiotic‑resistant bacteria 
have been a significant health concern during 
recent decades[3,4] and have been described as 
“nightmare bacteria” that “pose a catastrophic 
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threat” to people worldwide.[4] Vancomycin‑resistant 
enterococci (VRE) and methicillin‑resistant 
Staphylococcus aureus (MRSA) are the most 
prevalent resistant Gram‑positive bacteria that 
are responsible for HAI. Among nosocomial 
Gram‑negative pathogens, extended‑spectrum 
beta‑lactamase (ESBL)‑producing Enterobacteriaceae, 
multidrug‑resistant Pseudomonas aeruginosa, and 
multidrug‑resistant Acinetobacter baumannii are 
the most common.[1] There is evidence that the 
hospital environment may play a significant role 
in the spread of bacteria, including those that are 
resistant to antibiotics. Most of the bacteria released 
from patients can disperse in hospital environment by 
air currents and finally can be inhaled by susceptible 
individuals.[5] Today, airborne transmission of 
pathogenic bacteria is well recognized as an 
important route for the acquisition of a wide range 
of nosocomial infections.[6] Various studies estimate 
that 10% of nosocomial infections are airborne, and 
16% of Intensive Care Unit (ICU) infection results 
from airborne pathogen transmission.[7] Airborne 
bacteria could result from a range of ward activities. 
Previous studies have been shown that bed making 
and mechanical floor cleaning release large numbers 
of bacteria into the air.[6]

Furthermore, airborne transmissions of some 
pathogens such as MRSA lead to an increase in the 
spread of antibiotic‑resistant genes.[4] Therefore, 
identification of airborne bacteria potentially harmful 
to patients is a key parameter in control and effective 
prevention of HAI.

Vancomycin and gentamicin (VM and GM) are two 
important antibiotics used commonly in the treatment 
of some infections. VM is the standard treatment for 
MRSA infections and GM as an aminoglycoside most 
often used because of its low cost and dependable 
activity against Gram‑negative bacteria.[8] According 
to the results of study by Askari et al., the number 
of vancomycin‑resistant S. aureus (VRSA) reported 
in Iran is extremely high.[9] Several studies have 
shown the prevalence of MRSA and VRSA in Iran, 
and also, some results indicated to the existence of 
vancomycin‑intermediate S. aureus, MRSA and even 
VRSA in our hospitals.[9‑11]

However, the emergence of resistant bacteria 
against these antibiotics has led to a global concern 
about the treatment of these infections.[12] There 
has been a tenfold increase in the prevalence of GM 
resistance enterococci during 2003–2008 as reported 
by Norwegian surveillance system for antimicrobial 
resistance.[13] There are several studies which describe 
the role of VM‑ and GM‑resistant bacteria in HAI. 

However, these investigations have been mostly 
directed toward clinical isolates, and there are very 
few studies for airborne strains of these resistant 
bacteria.[14,15]

Therefore, this study was carried out to determine 
the prevalence of airborne VM‑ and GM‑ resistant 
bacteria in different wards of four educational 
hospitals (including Kashani, Amin, Alzahra and Noor 
hospitals) of Isfahan, Iran.

MATERIALS AND METHODS

Sampling sites and sample collection
The study was  per formed from March to 
December 2014 in four educational hospitals of 
Isfahan University of Medical Sciences, Isfahan, Iran. 
Airborne cultureable bacteria were collected using all 
glass impinger (AGI) in four locations in each hospital 
including operating theater (OT), ICU, surgery ward, 
and internal medicine ward. Approximately, 3000 L 
of air at a flow rate of 12.5 L/min was drawn into AGI, 
which contained 10 ml of phosphate buffer solution. 
Sampling was conducted at a height of 1.5 m above 
the ground level to simulate the breathing zone. 
A total of 64 samples were analyzed for the presence 
of airborne resistant bacteria. During sampling, 
temperature, and relative humidity were also 
recorded by use of a portable weather station (Kimo) 
at each sampling site and were about 26 ± 2.3°C and 
%28 ± 5.7, respectively. All samples were transferred 
to the laboratory in an insulated box with cooling 
packs and were processed immediately after arrival 
at the laboratory.

Detection of vancomycin‑ and gentamicin‑resistant 
airborne bacteria
For detection of VM‑ and GM‑resistant bacteria, 
aliquots of each impinger collection medium after 
a vigorous shaking were plated onto Tryptic Soy 
Agar (TSA) containing VM (16 mg/l) and GM (10 mg/l) 
according to Clinical and Laboratory Standards 
Institute recommendations.[16] Simultaneously, 
aliquots of each sample were plated onto TSA 
without any antibiotic to evaluate the total counts 
of airborne bacteria. All plates were incubated at 
35°C for 2–3 days. For quality control, standard 
strains of Escherichia coli  (ATCC 25922), and S. 
aureus (ATCC 25923) were used. Colonies growing on 
TSA with and without antibiotics were enumerated 
and calculated as colony‑forming units per cubic 
meter (CFU/m3). Prevalence of antibiotic resistance 
airborne bacteria (ARAB) was calculated as the counts 
of bacteria growing on TSA along with antibiotics 
divided by the numbers of bacteria growing on TSA 
without antibiotics.
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Statistical analysis
Statistical analysis was performed with SPSS 20.0 
for windows. Kolmogorov–Smirnov normality tests 
were performed for recognition the use of parametric 
or nonparametric tests. The Kruskal–Wallis test 
was used to compare the concentration differences 
of airborne bacteria among the sampling sites. 
Differences were considered significant when P values 
were smaller than 0.05.

RESULTS

The average concentration of airborne bacteria and 
ARAB in various wards of hospitals is shown in Table 1. 
The total airborne bacteria count in hospital 4 was 
higher than in other hospitals and the highest average 
concentration of GM‑ and VM‑resistant airborne 
bacteria were found in hospital 3. Nevertheless, 
statistically, significant differences were not found 
among the four hospitals (P > 0.05). The mean 
concentration of airborne bacteria was the lowest in 
OT wards and GM‑ and VM‑resistant airborne bacteria 
were not detected in this ward of hospitals [Table 1]. 
The prevalence (percentage of ARAB with respect 
to total airborne bacteria) of GM‑ and VM‑resistant 
airborne bacteria in different hospitals and hospital 
wards are presented in Figures 1 and 2, respectively. As 
results show, the prevalence of VM‑resistant bacteria 
was higher than GM‑resistant bacteria in investigated 

hospitals [Figure 1]. The highest prevalence of ARAB 
was observed in ICU ward of hospitals [Figure 2]. 
There was a statistically significant difference in the 
prevalence of VM‑resistant bacteria between hospital 
wards (P = 0.012).

DISCUSSION

Airborne‑resistant bacteria pose a considerable threat 
to human health, and this is, especially important 
for vulnerable groups of inpatients such as people 
with weakened immune systems. The hospital 
environment could act as a vast reservoir for resistant 
microorganisms and their resistance genes.[11] This 
study showed that there were fluctuations in airborne 
bacterial concentrations with hospitals and different 
wards from 99 to 1079 CFU/m3 [Table 1] which were 
comparable with the results obtained by others.[17,18] 
However, the average concentration of airborne 
bacteria (464 CFU/m3) was higher compared to those 
by others.[14,19] The various environment factors such 
as hospital design, the type of ventilation system, 
temperature, relative humidity, population density, 
and disinfection methods can influence the levels of 
airborne bacteria in different wards.[6,17]

The concentration of airborne bacteria in OT wards 
was low when compared to other hospital wards. This 

Table 1: Average concentration of airborne bacteria and antibiotic‑resistant airborne bacteria (CFU/m3) in different wards of hospitals
Location Hospital 1 Hospital 2 Hospital 3 Hospital 4

ICU OT SW IM ICU OT SW IM ICU OT SW IM ICU OT SW IM
Airborne bacteria 335 351 337 518 699 284 149 99 354 119 919 740 208 693 532 1079
VM 5 0 0 17 0 0 0 10 21 0 6 9 10 0 19 5
GM 14 0 7 6 18 0 0 18 14 0 32 4 14 0 28 0
ICU: Intensive Care Unit, OT: Operating theater, SW: Surgery ward, IM: Internal medicine, VM: Vancomycin, GM: Gentamicin
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Figure 1: Prevalence of antibiotic-resistant airborne bacteria isolated 
from investigated hospitals. GM: Gentamicin, VM: Vancomycin, 
ARAB: Antibiotic resistant airborne bacteria
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Figure 2: Prevalence of antibiotic-resistant airborne bacteria isolated 
from air samples of hospital wards. ICU: Intensive Care Unit, OT: 
Operating theater, SW: Surgery ward, IM: Internal medicine, GM: 
Gentamicin, VM: Vancomycin, ARAB: Antibiotic-resistant airborne bacteria
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can be because of the high level of health standards, 
as well as proper disinfection and air purification 
systems such as ultraviolet light, in this ward.[20] The 
average concentration of airborne bacteria in hospital 
4 was higher than in other hospitals. However, the 
concentration of ARAB was the highest in hospital 
3. Some studies have showed that various factors 
such as architectural design, in particular, the source 
of ventilation air, density of patients, and patient 
activity does influence the diversity and composition 
of airborne bacteria in hospital.[17,20] This study also 
showed that about 13% of airborne bacteria isolated 
from ICU wards were found resistant to both VM 
and GM [Figure 2]. On the other hand, the highest 
concentration of ARAB was observed in ICUs. ICUs 
are an important hospital ward for the emergence 
of antimicrobial resistance due to the frequent 
use of a wide range of antibiotics; high density of 
patients within relatively small specialized areas; 
the presence of more chronically and acutely ill 
patients who require prolonged hospitalization, and 
often harbor antibiotic‑resistant bacteria.[21] Other 
factors that affect the level of ARAB in ICUs might be 
weakly maintained or operated ventilation systems, 
insufficiently disinfection program, and lack of trained 
nursing staff and other support staff due to economic 
pressures.

Ventilator‑associated pneumonia which caused by 
Gram‑ or Gram‑negative bacteria, and line‑associated 
bacteremia (principally by Gram‑positive) are 
the two most common nosocomial infections of 
ICUs.[22] There is an increased mortality rate in 
patients with ventilator‑associated pneumonia caused 
by multidrug‑resistant organisms.[22]

In this study, the higher level of VM‑resistant airborne 
bacteria may be due to selective pressure caused by 
continuous use of VM in hospitals for any S. aureus 
infection.[23] Aligholi et al. showed that of the 356 S. 
aureus clinical isolates from the Imam Khomeini 
Hospital in Tehran, 149 S. aureus strains were 
resistant to methicillin and two strains of MRSA were 
VRSA strains.[11]

Xu et al.[24] also detected 32 VRE strains from a 
Tertiary Care Hospital of Beijing, China. For many 
years, VM has been considered as the alternative for 
MRSA infections but after a report of transfer of the 
vanA gene from VRE to MRSA and creating MRSA 
with high‑level resistance to VM, concerns about this 
transfer were increased.[25] Rossi et al.[23] reported the 
case of a bloodstream infection caused by MRSA that 
was susceptible to VM but during treatment with 
antibiotic became resistant to VM and vanA gene was 
detected in it.

Although VRE strains are commonly transmitted by 
direct contact with infected persons or indirect contact 
with contaminated environments,[26] evidence suggests 
that airborne dispersal and transmission may also 
be important.[27] Muzslay et al.[15] have showed that 
VRE may be inhaled in hospital wards. Therefore, 
the prevalence of VRE in hospital environments may 
create a reservoir of mobile resistance genes for other 
nosocomial pathogens.[28]

High level of resistant bacteria to aminoglycosides, 
in particular to GM, has been reported worldwide.[29] 
In our study, the average prevalence of GM‑resistant 
airborne bacteria in four hospitals ranged from 4% to 
7%. By contrast, a study in Iran has reported a high 
level (about 52%) prevalence of GM‑resistant strains in 
clinical samples.[30] Some studies have been reported the 
concurrent resistance of bacteria to GM and VM.[29,31] 
The incidence of high‑level GM‑/VM‑ resistance has 
been reported in many Enterococcus species.[32] Study of 
Tomita et al.[29] demonstrated that GM plasmid might 
co transfer VM‑resistance plasmids.

CONCLUSION

ARAB can survive in the various hospital environments 
and remain suspended in the air for long periods of 
time. The results of this study also showed that the 
relatively high prevalence of VM‑ and GM‑resistant 
airborne bacteria in ICUs could be a great concern 
from the point of view of patients’ health.

These results confirm the necessity of application of 
effective control measures which significantly decrease 
the exposure of high‑risk patients to potentially 
airborne nosocomial infections.

Acknowledgments
The authors wish to thanks from the vice‑chancellery 
for research of Isfahan University of Medical Sciences 
and hospital personnel for their help.

Financial support and sponsorship
This research was conducted with funding support 
from the vice‑chancellery for research of Isfahan 
University of Medical Sciences (Research Project 
Number 392542) as a part of Ph.D. dissertation thesis.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Mirhoseini SH, Nikaeen M, Khanahmad H, Hatamzadeh M, Hassanzadeh A. 
Monitoring of airborne bacteria and aerosols in different wards of 
hospitals – Particle counting usefulness in investigation of airborne bacteria. 
Ann Agric Environ Med. 2015;22:670‑3.



Mirhoseini, et al.: Airborne vancomycin‑ and gentamicin‑resistant bacteria

Advanced Biomedical Research | 2016 5

2. Ahmed Z, Saeed Khan S, Khan M. In vitro trials of some antimicrobial 
combinations against Staphylococcus aureus and Pseudomonas 
aeruginosa. Saudi J Biol Sci 2013;20:79‑83.

3. Chambers HF, Deleo FR. Waves of resistance: Staphylococcus aureus in 
the antibiotic era. Nat Rev Microbiol 2009;7:629‑41.

4. Bockstael K, Van Aerschot A. Antimicrobial resistance in bacteria. Cent Eur 
J Med 2009;4:141‑55.

5. Fiegel J, Clarke R, Edwards DA. Airborne infectious disease and the 
suppression of pulmonary bioaerosols. Drug Discov Today 2006;11:51‑7.

6. Tang JW, Li Y, Eames I, Chan PK, Ridgway GL. Factors involved in the 
aerosol transmission of infection and control of ventilation in healthcare 
premises. J Hosp Infect 2006;64:100‑14.

7. Dürmaz G, Kiremitçi A, Akgün Y, Oz Y, Kasifoglu N, Aybey A, et al. The 
relationship between airborne colonization and nosocomial infections in 
intensive care units. Mikrobiyol Bul 2005;39:465‑71.

8. Jana S, Deb JK. Molecular understanding of aminoglycoside action and 
resistance. Appl Microbiol Biotechnol 2006;70:140‑50.

9. Askari E, Zarifan A, Pourmand MR, Naderi‑Nasab M. High‑level 
vancomycin‑resistant Staphylococcus aureus (VRSA) in Iran: A systematic 
review. J Med Bacteriol 2012;1:53‑61.

10. Saderi H, Owlia P, Shahrbanooie R. Vancomycin resistance among clinical 
isolates of Staphylococcus aureus. Arch Iran Med 2005;8:100‑3.

11. Aligholi M, Emaneini M, Jabalameli F, Shahsavan S, Dabiri H, 
Sedaght H. Emergence of  h igh‑ level  vancomycin‑resistant 
Staphylococcus aureus in the Imam Khomeini Hospital in Tehran. Med 
Princ Pract 2008;17:432‑4.

12. Rice LB. Antimicrobial resistance in gram‑positive bacteria. Am J Infect 
Control 2006;34 5 Suppl 1:S11‑9.

13. Rosvoll TC, Lindstad BL, Lunde TM, Hegstad K, Aasnaes B, Hammerum AM, 
et al. Increased high‑level gentamicin resistance in invasive Enterococcus 
faecium is associated with aac(6’) Ie‑aph(2’’) Ia‑encoding transferable 
megaplasmids hosted by major hospital‑adapted lineages. FEMS Immunol 
Med Microbiol 2012;66:166‑76.

14. Gilbert Y, Veillette M, Duchaine C. Airborne bacteria and antibiotic resistance 
genes in hospital rooms. Aerobiologia 2010;26:185‑94.

15. Muzslay M, Moore G, Turton JF, Wilson AP. Dissemination of 
antibiotic‑resistant enterococci within the ward environment: The role of 
airborne bacteria and the risk posed by unrecognized carriers. Am J Infect 
Control 2013;4:57‑60.

16. CLSI. Performance Standards for Antimicribial Sucseptibility Testing 
Twenty – Second Informational Supplement. Wayne, PA: CLSI Document 
M100‑S22; 2012.

17. Beggs CB. The airborne transmission of infection in hospital buildings: Fact 
or fiction? Indoor Built Environ 2003;12:9‑18.

18. Nourmoradi H, Nikaeen M, Amin MM, Hatamzadeh M. An investigation on 

bio‑aerosol concentrations in the different wards of hospitals of Isfahan 
university of medical sciences. J Isfahan Med Sch 2011;29:1028‑36.

19. Ortiz G, Yagüe G, Segovia M, Catalán V. A study of air microbe levels in 
different areas of a hospital. Curr Microbiol 2009;59:53‑8.

20. Hoseinzadeh E, Samarghandie MR, Ghiasian SA, Alikhani MY, 
Roshanaie G. Evaluation of bioaerosols in five educational hospitals wards 
air in Hamedan, during 2011‑2012. Jundishapur J Microbiol 2013; 6:e10704.

21. Carlet J, Ben Ali A, Chalfine A. Epidemiology and control of antibiotic 
resistance in the intensive care unit. Curr Opin Infect Dis 2004;17:309‑16.

22. Varley AJ, Williams H, Fletcher S. Antibiotic resistance in the intensive care 
unit. Contin Educ Anaesth Crit Care Pain 2009;9:114‑8.

23. Rossi F, Diaz L, Wollam A, Panesso D, Zhou Y, Rincon S, et al. Transferable 
vancomycin resistance in a community‑associated MRSA lineage. N Engl 
J Med 2014;370:1524‑31.

24. Xu HT, Tian R, Chen DK, Xiao F, Nie ZY, Hu YJ, et al. Nosocomial spread 
of hospital‑adapted CC17 vancomycin‑resistant Enterococcus faecium in a 
tertiary‑care hospital of Beijing, China. Chin Med J (Engl) 2011;124:498‑503.

25. Hiramatsu K, Katayama Y, Matsuo M, Sasaki T, Morimoto Y, Sekiguchi A, 
et al. Multi‑drug‑resistant Staphylococcus aureus and future chemotherapy. 
J Infect Chemother 2014;20:593‑601.

26. Otter JA, Yezli S, French GL. The role played by contaminated surfaces in 
the transmission of nosocomial pathogens. Infect Control Hosp Epidemiol 
2011;32:687‑99.

27. Savini V, Gherardi G, Astolfi D, Polilli E, Dicuonzo G, D’Amario C, et al. 
Insights into airway infections by enterococci: A review. Recent Pat Antiinfect 
Drug Discov 2012;7:36‑44.

28. Willems RJ, Top J, van Santen M, Robinson DA, Coque TM, Baquero F, 
et al. Global spread of vancomycin‑resistant Enterococcus faecium from 
distinct nosocomial genetic complex. Emerg Infect Dis 2005;11:821‑8.

29. Tomita H, Pierson C, Lim SK, Clewell DB, Ike Y. Possible connection between 
a widely disseminated conjugative gentamicin resistance (pMG1‑like) 
plasmid and the emergence of vancomycin resistance in Enterococcus 
faecium. J Clin Microbiol 2002;40:3326‑33.

30. Feizabadi MM, Maleknejad P, Asgharzadeh A, Asadi S, Shokrzadeh L, 
Sayadi S. Prevalence of aminoglycoside‑modifying enzymes genes among 
isolates of Enterococcus faecalis and Enterococcus faecium in Iran. Microb 
Drug Resist 2006;12:265‑8.

31. Gad GF, Mohamed HA, Ashour HM. Aminoglycoside resistance rates, 
phenotypes, and mechanisms of Gram‑negative bacteria from infected 
patients in upper Egypt. PLoS One 2011;6:e17224.

32. Simonsen GS, Småbrekke L, Monnet DL, Sørensen TL, Møller JK, 
Kristinsson KG, et al. Prevalence of resistance to ampicillin, gentamicin and 
vancomycin in Enterococcus faecalis and Enterococcus faecium isolates 
from clinical specimens and use of antimicrobials in five Nordic hospitals. 
J Antimicrob Chemother 2003;51:323‑31.


