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Summary. Background: Bioaerosol plays an important role in human life with potentially infectious, allergic
and toxic effects. Active and passive methods can be used to assess microbial air contamination, but so far there
is not a unanimous consensus regarding the indications about methods to be used and how to interpret the re-
sults. The passive method has been standardized by the Index of Microbial Air contamination (IMA). Classes
of contamination and maximum acceptable levels of IMA have been proposed, related to different infection
or contamination risks. The aim of this study was to provide information about the use of the passive sampling
method, with reference to the IMA standard. Mezhods: We searched PubMed and Scopus for articles published
until January 2020 reporting the citation of the article by Pasquarella et al. “The index of microbial air con-
tamination. ] Hosp Infect 2000”. Only studies in English language where the IMA standard was applied were
considered. Studies regarding healthcare settings were excluded. Resu/zs: 27 studies were analyzed; 12 were per-
formed in Europe, 8 in Asia, 5 in Africa, 2 in America. Cultural heritage sites, educational buildings and food
industries were the most common indoor monitored environments; in 8 studies outdoor air was monitored.
Conclusions: This review has provided a picture of the application of standard IMA in different geographic areas
and different environments at risk of airborne infection/contamination. The analysis of the results obtained,
together with a wider collection of data, will provide a useful contribution towards the definition of reference
limits for the various types of environments to implement targeted preventive measures.

Key words: air sampling, bioaerosol, IMA, indoor, outdoor, passive method.

Introduction

Bioaerosol plays an important role in human life
with potentially infectious, allergic and toxic effects
(1-5). Measuring microbial air quality is a fundamen-
tal step for risk management (6-8): it allows to confirm
the presence of biological agents, identify critical situ-
ations and validate the preventive measures adopted;
air sampling is also a useful tool for scientific research,
quality assurance and educational purposes. So far,

there is not a unanimous consensus regarding the indi-
cations for air sampling, what method should be used,
and how to interpret the results in order to implement
targeted preventive and control measures. Methods
used for microbial air sampling can be classified in two
categories: passive and active (6, 9). The active method
allows the measurement of the concentration of cul-
turable microorganisms in the air and is based on the
use of some devices which collect a known volume of
air, blown on to a nutrient media; the results are ex-
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pressed as colony forming unit per cubic metre (CFU/
m?*). Several types of devices are available, such as air
impactors, impingers, centrifugal machines or filtra-
tion systems, which differ for biological and physical
efficiency therefore providing different results, difficult
to compare. The passive method measures the rate at
which microorganisms settle on surfaces; it is based on
sedimentation and relies on the use of settle plates be-
ing exposed to air for a defined period of time; results
are expressed as CFU/plate/time. The passive method
has been standardized by the Index of Microbial Air
contamination (IMA) which corresponds to the num-
ber of CFU counted on a Petri dish (9 cm in diam-
eter) left open to the air according to the 1/1/1 scheme
(for 1 hour, 1 meter above the floor and about 1 meter
away from walls and major obstacles) (10). The IMA
can be expressed also as CFU/m? or dm?* or cm?/time.
Five classes of IMA have been defined, representing
a different increasing level of contamination: 0-5 very
good; 6-25 good; 26-50 fair; 51-75 poor; >76 very
poor. Maximum acceptable values of IMA have been
proposed, related to different infection or contami-
nation risks; these are 5, 25 and 50, in places at very
high, high and medium risk, respectively (10). It is up
to whoever is in charge to state the level of infection
risk and adopt the corresponding maximum acceptable
IMA level.

The aim of this study was to provide information
about the use and diffusion of the passive sampling
method for assessing the microbial air quality, with
reference to the IMA standard (10). This paper deals
with the results regarding non-healthcare settings.

Methods

We searched PubMed and Scopus for articles
published until January 2020 reporting the citation of
the article by Pasquarella et al. “The index of microbial
air contamination”. ] Hosp Infect 2000. Only studies
in English language where the IMA standard was ap-
plied were considered. Studies performed in healthcare
settings were excluded and will be object of a specific
paper. Only studies using nutrient media for total bac-
teria and/or fungi count were included. When the ex-
posure of settle plates was longer or shorter than one

hour, values measured in the sampling time considered
were proportioned to one hour. The studies were ana-
lysed with reference to the Countries, settings, moni-
tored environments and results obtained.

Results

Figure 1 shows the flow diagram of the review
process. The reference “The index of microbial air con-
tamination” was reported in n. 187 articles, 151 from
Scopus and 36 from PubMed. After the screening by
title, 29 duplicates were identified and removed. Af-
ter the exclusion of the reviews (n. 29) and the studies
performed in healthcare settings (n. 66), n. 63 articles
studies performed in non-healthcare setting were con-
sidered for the review. Articles in which the citation
of “The Index of microbial air contamination” was
not referred to the air sampling method used, articles
written in other than English language (11-16) and

Articles identified through data base search (n=187)
Scopus (n=151)
PubMed (n=36)

>

» | Dupli titles

luded (n=29)

¥
Articles without duplicates (n=158) ‘

Reviews excluded (n=29)
—_—
Studies performed in healthcare

setting (n=66)

¥
Studies performed in
non-healthcare setting (n=63)

Studies excluded (n=36):
- not in English (n=6)

- related only to specific
microorganisms (n=1)

. 4

- reporting citation of IMA standard
without its application (n=29)

v
[Studies included in the review (n=27) |

Figure 1. Flow diagram of study selection for review.
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articles dealing with studies where specific microor-
ganisms were searched (17), were excluded. A total of
27 studies were included in the review; in 25 studies
quantitative or quantitative and qualitative air micro-
bial contamination was evaluated (18-42); in 2 studies
qualitative contamination only was evaluated (43,44).

Table 1 and Table 2 list the 25 studies yielding
quantitative data, with reference, in particular, to the
study setting, sampling period, sampling time and
environments monitored, reporting the IMA values
obtained for bacteria, fungi or total count. Ten stud-
ies were performed in Europe, including eight in Italy
(18- 22,24,26,31), one in Romania (39) and one in
Norway (34); eight studies were performed in Asia,
two in Malaysia (26,35) and one for each of the follow-
ing countries: Iran (32), Israel (36), Japan (30), Thai-
land (33), Turkey (28), Vietnam (37); five studies were
conducted in Africa, two in Ethiopia (38,41) and one
for each of the following countries, Egypt (25), Nige-
ria (23), South Africa (29); two studies were conduct-
ed in America, one in the USA (40) and one in Cuba
(42). Twenty-one studies (18-33, 38-42) evaluated
indoor air contamination, mainly in cultural heritage
sites, educational buildings and food processing plants;
five of these studies assessed also the outdoor micro-
bial contamination (25,31-34); three studies evaluated
only outdoor air quality (35-37). In five studies (38-
42), listed in Table 2, the air was sampled using the
IMA standard scheme, but the results obtained (CFU/
plate/time) were transformed in CFU/m?® by using the
Omelyansky’s formula: N = 5a x 10* (bt)* where N =
CFU/m’, a = number of colonies per Petri dish, b =
dish square centimeter, t = exposure time (min.) (45),
based on the estimation that on the area of 100 cm?, in
5 minutes are deposited as many microbes as there are
in 10 m® of air. Table 2 reports both the original val-
ues in CFU/m?® and the IMA values obtained after the
conversion based on the Omelyansky’s formula.

As for cultural heritage sites, six studies were per-
formed in Italy (18-22,24) and two in Africa (Nigeria
and Egypt) (23,25). Considering the Italian studies,
bacterial air contamination values ranged from 0 to
35 IMA without visitors (21); fungal contamination
increased during opening time up to 48 IMA (20).
Higher values were found in a museum library in Nige-
ria, where the heaviest microbial contamination means

both for fungi (73 IMA) and bacteria (30 IMA) were
found during the rainy season compared with the dry
season (23). Fungal contamination values found in an
Egyptian museum, where six rooms were monitored,
ranged from 1 to 256 IMA, with median values from
8 to 30 IMA (25); in this study also outdoor environ-
ment was monitored, and indoor /outdoor ratio con-
firmed that outdoor environment was the main source
of indoor fungal pollution. Microbial air contamina-
tion in educational buildings was evaluated in 6 studies.
Di Giulio et al. (26) performed a study in 14 University
research laboratories located in three different build-
ings over a period of six months, in the morning and in
the afternoon; the IMA values showed a seasonal fluc-
tuation of total microbial contamination, which were
always within the threshold values of 50 and 25 IMA
defined respectively for the common laboratory rooms
and for the bacteriology laboratory with a controlled
microbial charge. An IMA value below 25 was also
found in the University Tissue culture Laboratory in
Malaysia by Chong et al (27); in this study the lowest
bacterial mean contamination values were found in the
Top Management Office, from 5.72 IMA in the morn-
ing to 3.81 IMA in the afternoon, while the highest
mean IMA value (27.98) was found in the library.
Other four studies, carried out in educational build-
ings, 2 in Ethiopia (38,41), 1 in Romania (39) and 1 in
the USA (40), converted the IMA value to CFU/m® by
using the Omelyansky’s formula. Going back to CFU/
plate/time values (IMA) we found in a University mi-
crobiology laboratory in Romania (39) a mean charge
converted value of 13.38; about classrooms, mean fun-
gal contamination values ranged from 11.42 to 63.25.
In a University dormitory in Ethiopia (38) very high
values up to 760 IMA for bacteria and 501 IMA for
fungi were reached. In Cuba, Anaya et al. (42) moni-
tored the fungal contamination for a period of nine
months in two food production plants, one for artisanal
chocolate and one for products for special regime plant;
IMA values, calculated from the CFU/m? obtained by
Omelyansky’s formula, ranged from 0 to 125 IMA. In
the study by Scholtz (29) fungal contamination was as-
sessed along the pear export chain from South Africa
to the UK over a three year period, obtaining a me-
dian range from 52 to 1725 IMA, with a median IMA
value of 201. The assessment of indoor airborne fungal
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Table 3. Fungi and bacteria isolated in the different environments

Fungi
S
Envi t: § Y ;E §
JHHEEHE SR EEHEENSEHHHEEEEHEEE
SRR SRS R2|SISISISISISISIQE|S|IS|Z 22|22 |2|R[IR (L[R2 &
Cultural heritage
Ttaly 2015 (21) v v
Ttaly 2015 (22) v v v YaRY%
Nigeria 2018 (23) v v v v v
Educational buildings
Ttaly 2010 (26)* v v v
Poland 2013 (43)* v Vv VvV vV v v v vV VAR
Ttaly 2014 (20)* v v v v
Romania 2016 (39) v v v v v ViV v v v
USA 2019 (40) VAR RY v v v v
Ethiopia 2019 (41) v v v v v v v v
Food industry
Norway 2009 (34) | v/ v vV vV
South Africa 2017 (29) v
Portugal 2017 (44)
Cuba 2019 (42) v v v Vv v
Autopsy room
moeyaon i V[V VY] V] ] /] T TV L V] VL] V]
Outdoor
Israel 2016 (36)
Vietnam 2019 (37) v v v v v v vV v

*Genera most frequently found; *Other isolated microorganisms: Acanthurus blochii, Artrographis Kalrae, Arxula adeninivarans, Bipolaris spicifera,
Bjerkandera adusta, Blastomyces dermatididis, Cladophiarophora boppi, Corynespora cassiicola, Cystfilobasidium informominiatum,

Debaryomyces hansenti, Debaryomyces polimorphus, Debariomyces occidentalis, Debariomyces vanrijiae, Emericella quadrilineata, Emmonsia crescens,
Epidermophyton floccosum, Gymnoascus dancaliensis, Hormographiella aspergillata, Hormographiella verticillata, Kluyveromyces lactis,

Kluyveromyces marxianus, Kluyveromyces thermotolerans, Kluyveromyces varrowii, Kluyveromyces wickerbamii, Lipomyces starkeyi, Madurella grisea,
Mprakia frigida, Nadsonnia commutata, Oosporidium margaritiferum, Phialophora bubakii, Phoma cruris-hominis, Pichia anomala, Pichia farinosa,
Pichia membranifaciens, Rhizomucor pusillus, Rhodosporidium dacryoideum, Saccharomyces cerevisiae, Saccharomycopsis capsularis,

Saccharomyces fructuum, Scytalidum lignicola, Yarrovia lipolytica
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Bacteria
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contamination was also performed in a dry-cured meat
production facility, and outdoor in a study by Asefa et
al. in Norway (34); overall, in the production rooms,
the mean value of 15 IMA was observed with the heav-
iest contamination in the brining, smoking, and sorting
processes rooms, showing the last one the highest IMA
value (about 90 IMA, graphic data); the outdoor fungal
contamination was about 25 IMA (graphic data). In
Italy, Vella et al. (31) carried out a study in three buf-
falo farms, including indoor and outdoor air microbial
evaluation, at rest and in operational conditions: mean
IMA values for fungal contamination ranged from 6 to
>76 IMA in indoor milking rooms and from 10 to >76
IMA in the outdoor areas (feeding rooms). In the study
by Sonmez et al. the presence of bacteria and fungi was
determined in an autopsy room, in summer and spring
seasons, before, during and after autopsy. The microbial
air contamination was significantly higher at the time
of the autopsy than that found in pre and post- autopsy
sessions, reaching the highest values of 117.8 IMA for
fungi in spring and 60.9 IMA for bacteria in summer;
maximum acceptable IMA values were considered 75
for bacteria and 19 for fungi. In Japan, Tasaki et al. (30)
monitored, for a period of thirteen months, a cargo van
rabbit housing system obtaining a mean IMA value
of 0.30 and 9.30, for bacteria and fungi, respectively.
Other two studies, one in Iran (32) and one in Thai-
land (33), monitored the indoor and outdoor microbial
contamination. In the first one a school dormitory and
a retirement home were monitored, and bacterial IMA
values for the two environments ranged from 10 to 112,
while fungal contamination from 11 to 36; outdoor
bacterial and fungal IMA values ranged from 15 to 96
and from 8 to 40, respectively. The second one dealt
with three fitness centers, two indoor and one outdoor,
locating settle plates at 1.5 m from the floor consider-
ing this height representing the human breathing zone;
indoor mean IMA values ranged from 2.09 to 8.44 for
bacteria and from 0.97 to 5.07 for fungi, while in the
outdoor center bacterial and fungal mean IMA values
were 7.52 and 5.59 respectively. Studies dealing with
only outdoor microbial air sampling were carried out in
Malaysia (35) and in Israel (36), both regarding waste
treatments areas, and in Vietnam (37) where air was
sampled in Ho Chi Minh city. In the study by Ithnin
et al. (35), air sampling was performed around a former

area dumping site, the case location, and 20 kilometers
away, the control location; the mean bacterial air con-
tamination values were 48 and 27 IMA, respectively,
while mean fungal contamination was the same at
both sites (36 IMA). Benami et al. sampled bioaerosols
emitted from domestic grey water (GW) treatment
systems; low amount of bacteria, with mean values
ranging from 0 to 15.2 IMA were found to aerosolized
up to 1 m away from the GW treatment system, while
at the 0.3 m distance the mean values reached value
of 616.7 IMA. In Ho Chi Minh city, airborne bac-
teria and fungi in the atmosphere were assessed from
2014 to 2016, covering two wet and dry seasons, at four
sites of the city (zoo, road, rural and urban areas). The
highest bacterial contamination was found at rural area
while the lowest at zoo (33.3 IMA), where the heaviest
fungal contamination was found (52.48 IMA).

Table 3 shows bacteria and fungi isolated in the
different monitored environments by using settle plates
according to IMA standard; in two studies (43,44)
only qualitative evaluation was performed. Studies in
which both active and passive air sampling were per-
formed, but microorganisms isolated were reported
without distinguishing which method allowed their
isolation were not considered (21,24,25,32). Among
bacteria, Bacillus spp., Staphylococcus spp., Micrococcus
spp., Pseudomonas spp. and Enterococcus spp., were the
most frequently isolated genera, while Penicillium spp.,
Aspergillus spp., Cladosporium spp. and Fusarium spp.

were the predominant fungi.

Conclusions

This review has provided a picture of the appli-
cation of IMA standard in different geographic areas
and in different environments at risk of airborne in-
fection/contamination. The use of settle plates, whose
sampling efficiency is not influenced by engineering
factors, standardized with the IMA, yields compara-
ble results wherever and whenever they were obtained,
providing the basis for the definition of threshold
limits towards an effective risk prevention. In some
studies (26,27,28,29,31,33), the IMA threshold val-
ues initially proposed for the different environments
(10) were considered, and proved to be useful for the
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interpretation of results. A wide range of microbial
contamination has been observed, in the same settings
of several studies; a larger collection of data, recording
also variables which can affect the microbial air con-
tamination, will provide a useful contribution towards
the definition of limit values referred to specific envi-
ronments. In particular, exposure times and incubation
temperature for fungal search need to be defined, for a
complete standardization of the air sampling.

A consideration should be made regarding the use
of Omelyansky’s formula which was applied in order to
convert the CFU/plate values (IMA) in CFU/m’. Both
active and passive sampling can be used for a general
evaluation of microbial air quality, but they have spe-
cific aims: while active sampling measures the concen-
trations of microorganisms, passive sampling measures
the fall-out of the biological particles, as a mirror of the
airborne risk for critical surfaces (e.g. object, material,
food). In any case, considering the relationship provided
by the EC GGMP Guidelines to Good Manufacturing
Practice (46), it can be observed that the CFU/m? re-
sults obtained with the Omelyansky’s formula are much
higher, giving an overestimation of the risk. It could be
suggested to keep the IMA value without converting
in CFU/m’, and to use the EC GGMP active and pas-
sive methods relationship for a possible estimation of
the CFU/m’. However, it is questionable to assume that
a predefined correspondence between active and passive
sampling exists, as some Authors do when using spe-
cific formulae to obtain the number of CFU/m?® from
the number of CFU/settle plates.

In a context in which there are no generally ac-
cepted protocols for the evaluation of microbial con-
tamination of air, the use of IMA standard, for the rel-
evance of data providing the estimation of the airborne
risk of contamination for critical surfaces and the cu-
mulative measurements of microbial contamination, as
well as for its characteristics of economy and simplicity
of use, represents a valid tool in the identification of
situations at risk and in the evaluation of effectiveness
of prevention interventions.
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