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Abstract. Background and aim: Surgical site infection (SSI) is a major complication following surgery associ-
ated with increased morbidity and mortality, as well as increased health and not health costs. A variety of 
factors affect airborne contamination in operating theatres (OT). Following the Medical Research Council 
study showing a correlation between microbial air contamination and SSI incidence in prosthetic joint sur-
gery ultraclean OTs have been recommended for this type of surgery, while OTs supplied by turbulent airflow 
plants are recommended for other types of surgery. The aim of this study was to illustrate the studies on this 
topic. Methods: Scopus was considered for articles published until January 2023 on OTs and air contamina-
tion in article title or abstract or keywords. Many issues were deepened: “microbial”, “bacterial”, “fungi”, 
“viruses”, “surgical site/wound infection”, “monitoring/sampling”, “air changes”, “behaviour”, “door openings”, 
“particles”, turbulent flow”, “unidirectional flow”. Result: Total papers published were 907 and 249 papers 
faced monitoring/sampling. A total of 313 papers investigated airborne bacterial contamination and 63 pa-
pers investigated fungal air contamination. There were 218 papers that have evaluated particle contamination 
in OTs. Many other issues were deepened. Conclusions: This study shows a picture of the studies on biological 
air contamination in OTs and related issues over time. We think that the results of our study will provide 
a useful tool to increase awareness towards a better sharing of aims, approaches, and results, above all in the 
interest of the patients, but also of the health services of the different countries. (www.actabiomedica.it)
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Introduction

Worldwide, 313 million surgical procedures are 
performed each year (1). Surgical site infection (SSI) 
is a major complication following surgery and is as-
sociated with increased morbidity and mortality, as 
well as increased health and not health costs (2-4). 
Microbial contamination of the surgical site is a neces-
sary precursor of SSIs and the air in operating theatres 
(OTs) represents an important vehicle for SSI-related 
microorganisms which can fall directly into the wound 

or land on exposed surfaces and subsequently be 
transferred into the wound (5-17).

Understanding factors that lead to compromised 
air quality in OTs and improving surgical safety is an 
ongoing challenge of high importance. A variety of 
risk factors affect the contamination level of the air in 
OT including types of medical procedures performed, 
occupancy levels, foot traffic, clothing, behaviour, and 
restoration in close environments (18-21).

Building design considerations also play a role in-
cluding placing the OT in areas that are progressively 
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less contaminated. Additionally, OTs are typically un-
der positive pressure as a preventive measure to inhibit 
the entrance of contaminants from less clean areas to 
cleaner areas. Airflow patterns in OT setting can be 
thwarted by door openings (22).

Following the Medical Research Council study 
showing a correlation between microbial air contami-
nation and SSI incidence in prosthetic joint surgery ul-
traclean OTs have been recommended for this type of 
surgery, while OTs supplied by turbulent airflow plants 
are recommended for other types of surgery (23).

High-volume unidirectional air flow (UDAF) 
systems complying with DIN 1946-4:2016 stand-
ards (24) for the airflow rate and ceiling diffuser size 
unconditionally achieve ultra-clean air close to the 
wound site. Different studies show that high-volume 
UDAF systems perform as ultra-clean air systems and 
are superior to turbulent systems in reducing airborne 
bacteria levels close to the wound site (25-30). How-
ever, the protective role of UDAFs in reducing the 
rate of SSI is debated and World Health Organization 
(WHO) panel suggests, as conditional recommenda-
tion, that unidirectional ventilation systems should 
not be used to reduce the risk of SSI for patients un-
dergoing total arthroplasty surgery (11). Most studies 
highlight air quality of the whole space in OTs, and 
only a few studies focused on the zone close to the 
wound. A recent study highlights the importance of 
specific risk zone close to the surgical wound bounded 
by the surgeons, the patient, and the surgical lights as 
the operating microenvironment (31).

Guidelines for the design and ventilation of 
OTs have been published, and threshold values have 
been proposed for both ultraclean and turbulent OTs 
(32-44). Preventive controls have been designed and are 
being improved upon to help OTs maintain clean air 
including filtered air changes, germicidal lamps, port-
able units containing HEPA, carbon filters (45-49). In 
addition, the monitoring of air quality in OTs is a use-
ful tool to manage heating, ventilation air conditioning 
plants (HVAC) and to verify effectiveness of cleaning 
procedures and surgical team behaviours (50-54).

However, there is no international consensus 
on tolerable limits of microbial air contamination, 
and there are no generally accepted methods and 
frequencies for air sampling. Moreover, the usefulness 

of microbiological air monitoring methods is contro-
versial (55-66).

The aim of this study was to illustrate the studies 
of interest over time on air contamination in OTs and 
its facets providing a picture of the spread of this topic 
among the scientists.

Methods

Based on our recent study (67), we searched Sco-
pus for articles published until January 9, 2023, us-
ing the string [TITLE-ABS-KEY (operating AND 
theatres OR rooms AND air AND contamination)].

Precisely due to the nature of the topic and 
related issues of our study not exclusively reserved for 
the medical environment, only Scopus was considered 
as it covers a wider range of journals, aiding in both 
keyword research and citation analysis (68). Articles 
written in all languages were included. Many issues 
involving OT and air contamination were deepened 
crosschecking with i.e., “microbial”, “bacterial”, “fungi”, 
“viruses”, “surgical site/wound infection”, “monitoring/
sampling”, “air changes”, “behaviour”, “door openings”, 
“particles”, turbulent flow”, “unidirectional flow”.

According to the case, the following variables 
were considered: years and related number of articles, 
sources of publications, subject areas, type of document 
published, type of journal, nationalities of the authors, 
institutions to which the authors belonged.

Results

The papers published were 907, the first in 1945, 
occasionally until 1962. A first increase of papers dur-
ing the ’70s and a new great increase during the last 
three years was observed. The last increase could be 
due to the COVID-19 pandemic that has contributed 
even more in highlighting this issue (Figure 1).

The top five countries of scientists that published 
papers on this topic in the order were United States, 
United Kingdom, Italy, Germany, Sweden, and France. 
The other countries were more detached (Figure 2). 
From pale brown to deep brown countries, the figure 
shows the countries with at least one author who have 
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published at least one article on microbial air contami-
nation in operating theatres.

Figure 3 shows the authors more involved in mi-
crobial air contamination in operating theatres studies.

Figures 4, 5 and 6 show the number of papers for 
each institution, the journals where papers were pub-
lished and the subject areas, respectively.

Out of 907 papers published corresponding to 
the characteristics searched, 759 were original articles, 
69 conference papers and 41 reviews (Figure 7).

A total of 249 papers faced monitoring or sampling 
from 1962, with only one paper until 1972 (Figure 8). The 
first five countries of the authors per number of papers 
were United States, Italy, Sweden, United Kingdom, 
and Germany (Figure 9). Among the 28 authors with at 
least 3 papers, 23 were Italians (Figure 10).

A total of 313 papers investigated air bacterial 
 contamination; the trend of papers by year (data not 
shown) overlaps the trend of the Figure 2. A  total 
of 63 papers investigated air fungal contamination 
(Figure 11), with the first study published in 1968; 
only since 2001 this issue has been addressed regularly 
every year.

There were 218 papers that evaluated particle 
contamination in OTs from 1973, if we exclude the 
first published in 1945 (Figure 12). United States 
(49 papers) and Sweden (35 papers) were the countries 
with the highest number of papers, followed by 
Germany and Italy (21 papers) (Figure 13).

Only 31 papers assessed viral air contamina-
tion, mainly in the last few years (data not shown). 
A total of 316 papers evaluated the microbial air 
contamination in OTs related to surgical site/wound 
infections or infection; the first article was pub-
lished in 1957. The trend of the published papers, 
even if with lower absolute numbers, overlaps that of 
 Figure 2 (data not shown). The number of papers per 
 country of authors involved in this issue are showed 
in Figure 14.

Air changes (79 papers), door openings (32 papers), 
and behaviours (25 papers) were other important issues 
deepened as shown in Figure 15, 16 e 17, respectively.

Table 1 shows the number of papers with  authors 
from each country, according to the studies on operat-
ing theatres air contamination and air changes, door 
openings and behaviours, respectively.
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Figure 1. Number of papers published over time about operating theatres air contamination.
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is evident. It is interesting to note that the authors in-
volved in these issues mostly come from some coun-
tries of North America and Europe, and among these, 
some countries seem more sensitive than others to the 
issue of air contamination in OT. In part of South 
America, in almost all African countries and in many 
Asian countries this issue is not considered. This may 
appear attributable to the economic and socio-political 
conditions of some of them; however, the fact that 
there are no authors from 50% of European countries 
also lends itself to in-depth reflection. If the obser-
vations are narrowed down to verifying the environ-
mental conditions through monitoring, an even more 
limited interest can be observed, and it is interesting 
that in this case the Italian authors are in the front row.

Most of the studies dealt with bacterial air con-
tamination in OT, followed by a not much smaller 
number of papers on particle contamination, once 
again in the United States, but also in some Northern 

Table 2 shows the number of papers with authors 
from each country, according to the studies on OT air 
contamination and airflow and air changes. Microbial 
air contamination and airflow is an issue addressed by 
239 articles from 1963 (data not shown).

Table 3 shows the number of countries with at 
least one author involved in studies about operating 
theatres air contamination per continent and the per-
centages compared to the total of countries by single 
continent.

Conclusions

This study shows a picture of the studies on mi-
crobial air contamination in operating theatres and 
some related issues over time.

From 1945, 907 papers according to Scopus have 
been published, and an increase over the past ten years 
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Figure 2. The map of countries with at least one author involved in research about operating theatres air contamination  
and related issues.



Acta Biomed 2023; Vol. 94, Supplement 3: e2023149 5

Caggiano, G.
Bulitta, C.

Buhl, S.
Birgand, G.

Albertini, R.
Aganovic, A.

Stenstad, L.l.
Spagnolo, A.M.

Sadeghian, P.
Saccani, E.
Perdelli, E.

Nelson, J.P.
Hart, J.B.

Cattaneo, A.D.
Burman, L.G.
Tammelin, A.

Reinmüller, B.
Ljungqvist, B.

Hoborn, J.
French, M.L.V.
Bengtsson, S.

Vitali, P.
Ritter, M.A.

Napoli, C.
Montagna, M.T.

Friberg, B.

Friberg, S.
Cristina, M.L.
Lidwell, O.M.

Sadrizadeh, S.
Pasquarella, C.
Hambraeus, A.

A
ut

ho
rs

0 2 4 6 8 10 12

Number of papers

D’Alessandro, D.
Cao, G.

Whyte, W.
Sartini, M.
Laurell, G.

Figure 3. The authors who have published at least 4 papers on air contamination in operating theatres.



Acta Biomed 2023; Vol. 94, Supplement 3: e20231496

Université Paris Cité
IRCCS San Martino Polyclinic Hospital 
Hôpital Bichat-Claude-Bernard AP-HP

AP-HP Assistance Publique - Hopitaux de Paris
Karolinska Universitetssjukhuset

University Hospital of Parma
Harvard Medical School

Inserm
Sahlgrenska Universitetssjukhuset

Università degli studi di Bari Aldo Moro
Norges Teknisk-Naturvitenskapelige Universitet

Karolinska Institutet
University of Sassari

Umeå Universitet
University of Minnesota Twin Cities

Sapienza University of Rome
Chalmers University of Technology

University of Genoa
University of Parma
Uppsala Universitet

The Royal Institute of Technology KTH

In
st

it
ut

io
ns

 o
f a

ut
ho

rs

Number of papers

0 5 10 15

Figure 4. The institutions of authors publishing at least 6 papers about operating theatres and air contamination.

0 10 20 30 40 50 60 70

Indoor and Built Environment
Hygiene Medizin

European Journal of Surgical Oncology
Clin Orthop

Aerobiologia
Proceedings of SPIE The International Society for...
Annali di Igiene Medicina Preventiva e di Comunità

Anesthesia and Analgesia
AORN Journal

Journal of Hygiene
British Medical Journal

Int J Environ Res Public Health
Building and Environment

British Journal of Anaesthesia
Clinical Orthopaedics and Related Research

Journal of Arthroplasty
Archives of Surgery

Infection Control Hospital Epidemiology
American Journal of Infection Control

Journal of Hospital Infection

Jo
ur

na
ls

Number of papers

Figure 5. The top 20 scientific journals publishing about operating theatres and microbial air contamination.



Acta Biomed 2023; Vol. 94, Supplement 3: e2023149 7
Ty

pe
 o

f p
ap

er
s

Number of papers

Article

Conference Paper

Review

Letter

Editorial

Book Chapter

Note

Short survey

Erratum

759

69

41

Conference Review

Figure 7. Type of papers published on operating theatres and microbial air contamination.

Veterinary

Dentistry

Neuroscience

Energy
Health Professions

Chemistry

Mathematics

Social Sciences

Computer Science

Agricultural and Biological Sciences

Biochemistry, Genetics and Molecular Biology
Pharmacology, Toxicology and Pharmaceutics

Chemical Engineering

Physics and Astronomy

Materials Science

Nursing
Immunology and Microbiology

Environmental Science

Medicine

0 100 200 300 400 500 600 700

Number of papers

Engineering

Su
bj

ec
t a

re
as

Figure 6. The subject areas addressed by operating theatres and microbial air contamination.



Acta Biomed 2023; Vol. 94, Supplement 3: e20231498

19
62

N
um

be
r o

f p
ap

er
s

14

12

10

8

6

4

2

0

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

20
22

Year

20
02

Figure 8. Papers on the monitoring/sampling of microbial air contamination in operating theatres.

Documents
1 50

Figure 9. The countries of authors who addressed monitoring/sampling per number of papers.



Acta Biomed 2023; Vol. 94, Supplement 3: e2023149 9

6

5

4

3

2

1

0

1968
1970

1972
1974

1976
1978

1980
1982

1984
1986

1988
1990

1992
1994

1996
1998

2000
2002

2004
2006

2008
2010

2012
2014

2016
2018

2020
2022

Year

N
um

be
r o

f p
ap

er
s

Figure 11. Papers per year that investigated air fungal contamination in operating theatres.

10

9

8

7

6

5

4

3

2

1

0

Author

N
um

be
r o

f p
ap

er
s

Pa
sq

ua
re

lla
, C

.

Cr
is

ti
na

, M
.L

.

Sa
rt

in
i, 

M
.

N
ap

ol
i, 

C.

D
'A

le
ss

an
dr

o,
 D

.

M
on

ta
gn

a,
 M

.T
.

V
it

al
i, 

P.

Sp
ag

no
lo

, A
. M

.

A
lb

er
ti

ni
, R

.

Bu
rm

an
, L

.G
.

D
er

iu
, M

.G
.

Fr
ib

er
g,

 S

O
tt

ri
a,

 G
.

Pe
rd

el
li,

 F
.

Sa
cc

an
i, 

E.

Ta
m

m
el

in
, A

.

Ca
gg

ia
no

, G
.

D
e 

G
ig

lio
, O

.

Ed
m

is
to

n,
 C

.E
.

H
oe

ra
uf

, K
.

Lo
m

ba
rd

i, 
R.

M
as

ia
, M

.D
.

M
os

ca
to

, U
.

M
ur

a,
 I.

O
rl

an
do

, P
.

Sa
ns

eb
as

ti
an

o,
 G

.E
.

Sa
vi

no
, A

.

Si
gn

or
el

li,
 C

.

Figure 10. The authors with at least 3 papers on monitoring/sampling microbial air contamination in operating theatres.
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Figure 13. The countries and papers on particle air contamination in operating theatres.
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Figure 12. Papers on particle air contamination in operating theatres.



Acta Biomed 2023; Vol. 94, Supplement 3: e2023149 11

8

7

6

5

4

3

2

1

0

1974
1976

1978
1980

1982
1984

1986
1988

1990
1992

1994
1996

1998
2000

2002
2004

2006
2008

2010
2012

2014
2016

2018
2020

2022

N
um

be
r o

f p
ap

er
s

Year

Figure 15. Number of papers per year that addressed operating theatres, microbial air contamination and air changes.
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Figure 14. The countries and papers on microbial air contamination in operating theatres in relationship 
with surgical site/wound infections.
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Table 1. Number of papers (at least 2) with authors from each country, according to the issue covered.

Door openings Behaviours

Country Papers number Country Papers number

Sweden 9 Italy 5

United States 8 France 4

Italy 5 Japan 4

Norway 4 Portugal 2

China 3 Sweden 2

Denmark 2 United States 2

France 2

Table 3. Countries with authors involved in studies about operating theatres air contamination per continent and percentages on 
total of countries by continent.

Continents Number of countries with authors Number of Countries/Continent Percentage

Europe 24 48 50%

Asia 20 49 41%

Africa 7 54 13%

America 5 50 10%

Oceania 2 14 14%

Table 2. Number of papers with authors from each country involved in operating theatres air contamination and air flow (at least 
4 papers), and operating theatres air contamination and air changes (at least 2 papers).

Air flow Air changes

Country Papers number Country Papers number

United States 55 United States 18

United Kingdom 28 Sweden 8

Germany 27 United Kingdom 7

Sweden 26 Germany 4

Italy 20 Italy 4

France 12 China 3

Norway 7 France 3

China 6 Indonesia 3

Japan 5 Japan 3

Switzerland 5 Canada 2

Austria 4 India 2

Denmark 4 Iran 2

Poland 4 Poland 2

Spain 4 Taiwan 2
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a project to deepen the topic towards standardised ap-
proach, above all in the interest of the patients, but also 
of the health services of the different countries.
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