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An unexpected route for otolaryngology bacterial 
contamination with a Venturi atomizer* 

Abstract 
Background: The Venturi-principle atomizer is a commonly used device in otolaryngology practices. The purpose of this study 
is to evaluate the possible route of bacterial contamination from the nasal vestibule to the atomizer tip through the jet airflow 
created during the use of the Venturi atomizer.

Methods: Thirty nostrils from 15 enrolled volunteers were tested. The aerosols generated by spraying sterilized saline into the 
nostrils were collected using a specially made aerosol-collecting nozzle cap. The collected samples were sent for bacterial culture, 
and nasal vestibular swab cultures were performed for comparison.  

Results: In the aerosol-exposed group, 18 out of 30 samples (60%) were positive for bacterial growth, confirming the bacterial 
contamination from the nasal vestibule to the atomizer tip through the reverse jet airflow. The bacteria species in 8 of the 18 
positive samples were identical to those from the nasal swab culture results from the same nostril. 

Conclusion: In ordinary otolaryngology practices, there are significant risks for bacterial contamination from the nasal vestibule 
to the tip of the Venturi atomizer even without direct contact. Clinicians must be more aware of this pattern of contamination, 
which has not been reported in the existing literature.
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Introduction
In common otolaryngology practices, Venturi-principle atomi-
zers are often used to apply topical anesthetics, vasoconstric-
tors, or other topical medications to the mucous membranes of 
the nose, throat, and oral cavity (1-4). The principles of this atomi-
zer rely on compressed air to aerosolize medications. It possess 
the advantage of having a large capacity reservoir for the de-
sired medication and is able to hold multiple applications before 

the medication must be replaced. Another major advantage of 
the device is due to the use of compressed air. This enables the 
driving force of the delivery to be generally higher compared 
with hand-driven atomizers and is thus ideal for carrying the 
medication into narrowed or deep channels and cavities that are 
faced in common otolaryngology practices.

The major concern for the use for Venturi-principle atomizers 
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has been the risk of contamination. The device was designed to 
be multiple-use, and many of the components of the device are 
made of plastic and rubber, preventing it from being autoclaved. 
Some studies have claimed that there is no risk of cross-conta-
mination of patients with the use of the Venturi system atomizer 
(5,6). However, many studies have revealed that after a period of 
use, bacteria tend to colonize many parts of the Venturi device (7-

10), which has raised the issue of cross-contamination. Southwick 
et al. even reported that a contaminated atomizer may have 
caused a cluster of tuberculosis infections in North Carolina (11). 
Therefore, some researchers have proposed the use of single-
use or specially designed positive displacement atomizer. The 
use of such atomizers has greatly reduced the bacterial colo-
nization on these devices (9). Nevertheless, we have observed a 
new route of bacterial contamination during the use of Venturi 
atomizers. We noticed that when the medication was sprayed 
into a narrowed space, such as the nasal cavity, the jet of the 
compressed air was very strong and tended to rebound while 
it reached the narrowed cavity. This rebound airflow, combined 
with the aerosol, easily contacted the tip of the atomizer, poten-
tially contaminating the device. The purpose of this study is to 
evaluate the possibility of the reverse jet flow created by using 
the Venturi atomizer to carry bacteria from the nasal cavity, 
thereby contaminating the atomizer tip.

Materials and methods
Atomizer nozzle tip cap
A specially designed cap to be attached to the atomizer tip was 
made by removing the anterior half of a pipette tip, as shown in 
Figure 1. This shortened tip can be attached over the tip of the 
atomizer nozzle, and the opening of the anterior end remained 
large enough without interrupting the spray jet while the atomi-
zer was used. All caps were autoclave-sterilized before use. 

Reverse jet contamination
Fifteen healthy subjects were enrolled in the study, and each 
nostril was regarded as a separate sample. A total of 30 samples 
were tested and collected. Before the test began, the Venturi 
atomizer (Nagashima Medical Instruments, Tokyo, Japan) was 
sterilized by immersion in 70% alcohol for 10 minutes before 
each use. The reservoir was filled with sterile saline. The sterile 
nozzle caps were attached before each spray and then collected 
immediately after each spray. The caps along with the collected 
aerosol particles were placed in a test tube for further bacterial 
culture. The first spray was aimed at the lumen of a sterile 5 ml 
syringe, and the results of the cap cultures were regarded as 
negative controls. Following the first spray, a new sterile nozzle 
cap was used, and the following 3 sprays were aimed at one side 
of the nasal cavity of an enrolled test subject. After the spray, the 
cap along with the collected aerosols were immediately placed 
into the culture medium and sent for culture.

Nasal vestibule swab culture
Immediately following the spray experiment, nasal vestibule 
swab cultures were collected from the test subject as bacterial 
references for the previous experiments. 

Droplet depositions carried by the reverse jet airflow
In the demonstration of droplet deposition pattern resulted 
from the reverse jet airflow, a 3 ml syringe lumen was used as a 
target representing  the nasal cavity. A cotton ball soaked with 
black ink was placed in the syringe lumen. The simulated target 
was then struck by the compressed air using the atomizer at a 
distance of 1 cm for 0.5 seconds. The depositions of the genera-
ted ink droplets under atomizer air pressure settings of 0.3, 0.6, 
and 0.9 Mpa were recorded with grid papers.

Results
As shown in Table 1, all 30 samples from the control group were 
negative for bacterial growth, and all of the samples from the 
nasal vestibule swab culture group were positive for bacterial 
growth. In the nasal swab group, Staphylococcus epidermidis and 
Staphylococcus aureus were most commonly found (11/30 and 
6/30, respectively). Other species, such as those from the Kleb-
siella, Corynebacterium, Enterobacter, and Citrobacter families, 
were also noted. 

Reverse jet contamination
In the reverse jet tip culture group, 18 out of 30 samples (60%) 
were positive for bacterial growth, confirming the bacterial con-
tamination from the nasal vestibule to the atomizer tip through 
the reverse jet airflow. All of the microorganisms in this group 

Figure 1. The Venturi atomizer and the specially made nozzle tip cap.

The specially designed cap to be attached to the nozzle of the Venturi 

atomizer was made by removing the anterior half of a pipette tip. 
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belong to the Staphylococcus family. The bacteria species in 8 of 
the 18 positive samples were identical to those in the nasal swab 
culture results from the same nostril.

Droplet depositions carried by the reverse jet airflow
As shown in Figure 3, under the atomizer air pressure settings 
of 0.9 Mpa, a significant number of the ink droplets carried by 
the reverse jet airflow were deposited more than 10 cm away 
from the struck nasal cavity target (arrow head). The amount of 
these depositions decreased when the pressure declined to 0.6 
Mpa. When the pressure was set to 0.3 Mpa, most of the droplet 
depositions were found to be within the 10 cm range from the 
target.

Discussion
The results of our study showed a new route of bacterial conta-
mination that has not been reported in the existing literature. 
We have demonstrated that the use of a Venturi atomizer 
towards a narrowed space, such as the nasal cavity, can possibly 
dislodge bacteria in the narrow cavity by the force of the spray, 
with the bacteria carried backward to contaminate the nozzle 
tip. Moreover, the particles carried by the reverse airflow were 
able to contaminate a fan-shaped area with its size proportional 
to the compressed air pressure of the atomizer.

Before performing examinations, such as a transnasal fiberscopy, 
or procedures, such as foreign body removal, in the practice of 
otolaryngology, topical anesthetics and vasoconstrictive agents 
are usually sprayed into the nares or the throat to improve pa-
tient comfort. In many institutions, especially in Asian countries, 

this treatment is accomplished with a positive-pressure Venturi 
system atomizer. 
The Venturi system atomizer is based on pressure-volume-flow 
dynamics: compressed air is forced into/across a liquid reservoir 
that houses an outlet tube that allows for the expression of a 
mist of anesthetic and/or vasoconstrictive agents. The standard 
method of administering solutions into the nasal fossae has 
been through the use of one of a variety of atomizers, which 
incorporates a hand-held bellows and works on the Venturi 
principle. The nozzle of an atomizer consists of a fine-bore inner 
tube contained within a larger outer tube, which is connected to 
the hand-held bellows. The inner tube is placed into the liquid 
within the reservoir of the atomizer, which is drawn up and ex-
pelled from the tip of the nozzle as a fine spray on compression 
of the bellows. 

Since the development of the Venturi atomizer, many resear-
chers have noticed potential contamination problems while 
using this device. Most of the studies have focused on the 
bacterial colonization on the device during a period of use. The 
concerns appeared to be obviously logical as the Venturi ato-
mizer device is not designed to be disposable after a single use. 
Coakley et al. first raised this concern in 1993 and stated that 
the Venturi nasal sprays have the disadvantage of suck-back, 
which makes them unhygienic for use in more than one patient 
(12). The authors even claimed to have developed a disposable 
nasal spray system, which, however, did not become universally 
popular. As mentioned by Sraggs et al., “the devices are rarely 
cleaned, nor is the cocaine in the reservoir changed between 
patients”. Although there have been some reports suggesting 

Figure 2. Venturi atomizer nasal applications. During the spray process, 

remarkable aerosols were noted traveling backwards through the 

reversed jet flow and attaching to the nozzle tip. 

Figure 3. Droplet depositions carried by the reverse jet airflow. The 

deposition of ink droplet under the atomizer air pressure settings of 

0.3, 0.6, and 0.9 Mpa. When the pressure was set to 0.3 Mpa, most of the 

aerosol depositions were found to be within the 10 cm range from the 

nasal cavity target. Arrow: position of the simulated target and direction 

of the reverse jet airflow. Arrow head: representative ink droplets.
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that Venturi-type atomizers may not have a high potential 
contamination risk and possibly do not pose an infectious risk of 
bacterial transmission between patients, the risk of contaminati-
ons cannot be ignored (5,6,13).

New devices, such as positive displacement atomizers, have 

been developed and proved to be superior to Venturi atomizers 
in reducing bacterial contamination (9). These devices shared the 
common features of adopting a closed reservoir design and a 
hand-driven fluid dispersal mechanism. Although these designs 
stay away from the use of external compressed air and minimize 
the “suck-back” phenomenon associated with a Venturi atomizer, 

Case Number  Control Spray nozzle Vestibular tip culture

1 no growth Staphylococcus epidermidis Staphylococcus aureus

2 no growth no growth Klebsiella pneumonia

3 no growth no growth Corynebacterium urealyticum

4 no growth Staphylococcus epidermidis Staphylococcus hominis

5 no growth Staphylococcus paseruri; hominis Klebsiella pneumonia; Staphylococcus capitis/epidermidis 

6 no growth Staphylococcus aureus Staphylococcus aureus

7 no growth Staphylococcus aureus Staphylococcus aureus

8 no growth Staphylococcus epidermidis Klebsiella pneumonia; Staphylococcus capitis/epidermidis

9 no growth no growth Klebsiella pneumoniae; Staphylococcus aureus

10 no growth Staphylococcus capitis/hominis Enterobacter aerogenes/Staphylococcus epidermidis

11 no growth no growth Citrobaceter freundii

12 no growth Staphylococcus schleiferi ssp coagulans Escherichia coli; Staphylococcus epidermidis

13 no growth Staphylococcus aureus Klebsiella pneumonia; Staphylococcus aureus

14 no growth Staphylococcus epidermidis Staphylococcus epidermidis

15 no growth Staphylococcus epidermidis Enterobacter aerogenes; Staphylococcus hyicus

16 no growth Staphylococcus epidermidis Klebsiella oxytoca; Staphylococcus aureus

17 no growth no growth Enterobacter cloacae; Staphylococcus aureus

18 no growth Staphylococcus epidermidis Enterobacter aerogenes; Staphylococcus epidermidis

19 no growth Staphylococcus epidermidis Enterobacter aerogenes; Staphylococcus saprophyticus

20 no growth no growth Staphylococcus epidermidis

21 no growth no growth Staphylococcus capitis

22 no growth no growth Staphylococcus lugdunensis

23 no growth no growth Klebsiella pneumonia; Staphyloccus epidermidis

24 no growth no growth Staphylococcus aureus

25 no growth Staphylococcus epidermidis Staphylococcus hominis

26 no growth Staphylococcus epidermidis Enterobacter gergoviae; staphylococcus simulans

27 no growth no growth Enterobacter gergoviae; staphylococcus simulans

28 no growth Staphylococcus epidermidis Staphylococcus epidermidis

29 no growth Staphylococcus epidermidis Staphylococcus epidermidis

30 no growth no growth Klebsiella pneumoniae; Staphylococcus epidermidis

Table 1. Bacterial culture data from the control, reverse jet, and nasal swab culture groups.
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the force needed to disperse and carry the desired medication 
into deep cavities is greatly reduced. Moreover, when the hand-
driven compressing mechanism is used on an atomizer, keeping 
the nozzle precisely aimed towards a small cavity while trying 
to compress the atomizer bottle by hand at the same time is 
difficult. 
If a compressed air-driven force is to be used to deliver the 
medication for the desired distance, the bacterial aerosols 
resulting from the relatively strong airflow must be taken into 
consideration. During the spray process, as shown in Figure 2, 
remarkable aerosols were noted traveling backwards through 
the reversed jet flow and attaching to the nozzle tip. Bacterial air 
contamination has often been discussed in the field of dentistry 
as this problem increases during dental treatments. Klyn et al. 
recommended the use of a suction-type aerosol reduction de-
vice to significantly reduce the bacterial contamination during 
ultrasonic scaling (14). Nevertheless, little attention has been paid 
to this issue in the field of otolaryngology. 

For the first time, we have shown that even without direct 
contact, bacteria can translocate from the nares to the tip of 
the Venturi atomizer. We believe that this contamination results 
from the air contamination generated by the compressed air jet 
flow striking the surface of the nares. In a recent study con-
ducted in Japan, the researchers concluded that the detected 
bacteria contaminating the atomizer had originally colonized 
the nares (7). Their results also implied that the route of this con-
tamination was directly from the nose to the atomizer tip, which 
are compatible with the findings of our study. One of the limi-
tations of our study is that we did not prove that the bacteria 
attached to the nozzle tip were able to be further transmitted 
by the following sprays or to spread backwards into the device 
or the reservoir.  Although low numbers of bacteria do not 
necessarily result in clinical significance, the potential threats of 
this contamination were noteworthy especially with hazardous 
pathogens such as Mycobacterium tuberculosis or certain viruses. 
It is known that many pathogens can be transmitted through 
aerosols (15-17). There is already evidence that M. tuberculosis can 
be transmitted through the nasal-only route (18,19). The aerosol 
transmission of influenza A virus has also been well addressed 
(20). Furthermore, the results in our study also raised a serious 
concern that during the use of the Venturi atomizer, we were in 
fact creating an outspread flow of droplets and aerosols contai-
ning particles from the nares of the patient, which may expose 
the patient  as well as the health-care workers to potential 

threats.  

For the device sterilization, some researchers have suggested 
that wiping the device with isopropyl alcohol can eliminate 
microbial growth for a 2-week interval (8). Aydin et al. proposed 
additional precautions, such as the use of protective punched 
caps or rinsing the bottle tip with alcohol (21). As to the airborne 
infection control, Simonds et al. suggested that during droplet-
aerosol producing procedures, health-care workers working 
within 1 m distance of an infected patient should have a higher 
level of respiratory protection (22). Respiratory and facial protecti-
ons were also highly recommended (23). According to our current 
findings, sterilization of the outside surface of the atomizer tip 
might  not be sufficient for patient safety. A re-design of the 
Venturi atomizer with disposable nozzles along with aerosol 
reduction devices was encouraged, and before the new device 
becomes available, we recommend the device sterilization 
procedure to be performed throughout the outer surface of the 
atomizer and even thoroughly immersing the entire atomizer 
tip into 70% alcohol to sterilize the inner chamber of the tip 
after each use. The pressure of the compressed air delivered 
by the atomizer was also recommended to be maintained at a 
minimum applicable level to reduce the generated droplets and 
aerosols.

Conclusion 
In ordinary otolaryngology practice there are significant risks 
for bacterial contaminations from the nasal vestibule to the tip 
of a Venturi atomizer even without direct contact. The contami-
nation may be related to the reversed jet airflow created during 
the atomizer use. Clinicians must be more aware of this pattern 
of contamination, which has not been reported in the existing 
literature.
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