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Abstract: The aim of the study was to determine the seasonal variability of the airborne
microflora in a hospital ward of the pneumonological department, with regard to
potential impact on respiratory status of asthmatic patients hospitalized in the ward.
Microbiological air sampling was carried out for a period of 1 year from June—May,
during work-days, 16-21 days per month. Each day, the air samples were collected
twice: in the morning at 09:00 and in the afternoon at 13:00. Air samples were taken
with a custom-designed particle-sizing slit sampler enabling estimations of both total
and respirable fractions of the microbial aerosol. Air samples for determination of
bacteria were taken on blood agar and air samples for determination of fungi were taken
on Sabouraud agar. Mean monthly concentrations of total microorganisms (bacteria +
fungi) in the air of the examined hospital ward were between 296.1-529.9.dfl¢an
monthly concentrations of airborne bacteria ranged from 257.1-436.3 cfiitmpeak
values in November and May and the lowest values from December to February. Mean
monthly concentrations of airborne fungi showed much greater variation than bacteria
and ranged from 9.9-96.1 cfufrwith the very distinct peak in November and the
lowest value in May. The variations in monthly concentrations of total microorganisms,
bacteria and fungi in the air of hospital ward were statistically significant (p<0.001).
The concentrations of total airborne microorganisms, bacteria and fungi recorded in the
hospital in the morning were significantly greater compared to those recorded in the
afternoon (p<0.01). The mean monthly values of respirable fraction for total
microorganisms were within a range of 17.3-44.4%, for bacteria within a range of 17.2-
44.8%, and for fungi within a range of 2.2-39.1%. The most common microorganisms
in the air of the examined ward were Gram-positive cocci which accounted for 31.4-
46.4% of the total count. Gram-negative bacteria and corynebacteria were less
numerous, forming respectively 11.8-27.5% and 9.6-20.0% of the total count.
Endospore-forming bacilli and actinomycetes occurred in small proportions,
respectively 0.3-3.2% and 0-2.0% of the total count. Fungi formed 7.6-42.5% of the
total count. The prevailing species waAspergillus fumigatusvhich constituted on
average 77.0% of total fungal strains isolated from the air of the hospital ward. A
significant decrease of spirographic indices (VC, BPEVh asthmatic patients
hospitalized in the ward, at increase of the concentration of airborne bacteria and/or
fungi, was found in 9 out of 24 examined patients (37.5%) and in 19 out of 192
analysed single relationships (9.9%). In conclusion, although bacteria and fungi
occurred in the air of the examined hospital ward in relatively low numbers (of the order
107 cfu/n? and 16 cfu/n? respectively), they should be considered as a possible cause
of asthma exacerbations in some patients because of the preseAspeofillus
fumigatusand other potentially pathogenic species.
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INTRODUCTION infections [13, 14, 18, 28, 41]. Most of the studies were

performed in intensive care units, surgical units, haemato-

Airborne microflora in hospital rooms was the subjedibgical wards, maternity wards and other departments
of numerous studies as a potential cause of hospitahere the risk of infections is greatest [2, 13, 19, 28, 38,
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40]. The levels of microorganisms (bacteria and fungijune 1981 to 28 May 1982, during work-days, 16-21 days
found in most rooms were of the order-I@° cfu/n? [8, per month. Each day, the air samples were collected
16, 18, 19, 20, 30, 36, 37, 39, 40], except for rooms tdice: in the morning at 09:00 and in the afternoon at
high cleanness such as operating theatres or transplaBt00. During the whole study period, the following
units where they were of the order ordefI@" cfu/n®  microclimatic parameters were measured every day:
[13, 28, 338]. temperature with a week thermograph TZ-18, relative
So far, little is known about microflora of air in thehumidity with a hygrgraph TZ-18, and atmospheric
pneumomlogical departments of hospitals. Dolezal et al.  pressure with a mercury barometer.
[8] found the concentrations of microorganisms in the air
of a pneumonological clinic within the range of 998-1311 Microbiological examination of the air. Air samples
cfu/m®. To the best of our knowledge, no long-ternwere taken with a custom-designed particle-sizing slit
studies on airborne microflora have been performed sampler [9] enabling estimations of both total and
pneumonological departments. respirable fractions of the microbial aerosol (Polish Patent
The aim of the present work was to study the variabilit§7612 assigned on 6 June 1977). Each air sample was in
of the airborne microflora of a hospital ward of theduplicate, taken at a flow rate of 20 I/min. It consisted of
pneumonological department within a period of 1 yeatwo parallelly exposed agar plates: one, “a” - sampled
with regard to potential impact on respiratory status dfirectly for all organisms and used for the estimation of

asthmatic patients hospitalized in the ward. the total concentration of cfu pe’nand the other, “b” -
sampled through a pre-selector (consisting of a system of
MATERIAL AND METHODS glass tubes and regulated deposition disks covered with

sticky substance) for the respirable fraction. The value of
Study area. Long-term microbiological examinations respirable fraction was expressed as a percent (%) of the
of the air were carried out in one of the wards of thital count, calculated by division of the number(s) of cfu
pneumonological department of the State Railway Hosn plate(s) “b” through the number(s) of cfu on plate(s)
pital in Lublin (eastern Poland). The pneumonologicdla” and multiplication by 100. The median cut-off point
department is located in a separate, two-storied buildinigr the respirable fraction was 3.0 pm, approximating the
surrounded with deciduous trees. The ward selected facommendations of the American Conference of
study has an area of 16°nthe cubic capacity of 483n Governmental Industrial Hygienists [46].
and the gravity ventilation. Between 2-5 patients were Every day, at each sampling time (at 09:00 and 13:00)
hospitalized simultaneously in the ward during the studyouble samples were taken on the following agar media:
period. blood agar for determination of total mesophilic bacteria,
and Sabouraud agar for determination of fungi. The
Time and scope of the study.Microbiological air samples were taken at the height of 150 cm. The blood
sampling was carried out for a period of 1 year from fgar plates were incubated for 3 days at 37°C, and the

Table 1.Concentrations of total microorganisms (bacteria + fungi) in air of a hospital ward during the year (June 1981-May 1982).

Months VI Vi Vil IX X XI XIl | I I IV Vv
(N=16) (N=21) (N=19) (N=21) (N=21) (N=21) (N=19) (N=21) (N=20) (N=21) (N=21) (N=20)

Sampling time

Morning (09:00) 4044+ 4417+ 3857% 390.6+ 4804+ 6082+ 3430+ 3114+ 336.7+ 3817+ 4551+ 4305+
x = S.D. 200.6 2188 117.3 1109 2165 2472 1410 94.0 96.0 96.6 176.0 253.6

Respirable fraction (%) 25.8 47.5 29.6 16.2 315 275 24.9 21.9 245 21.2 19.2 20.1

Afternoon (13:00) 319.1+ 353.3+ 337.8+ 284.0+ 394.8+ 451.6+ 249.2+ 300.0+ 288.4+ 2785+* 337.0% 4204+
x+S.D. 164.0 226.0 137.8 118.3 183.7 121.6 96.5 925 127.8 1149 156.7 184.1

Respirable fraction (%) 30.7 41.0 30.2 18.3 314 28.0 321 18.1 15.9 16.2 20.8 23.3

Average

x+S.D. 361.7+ 3975+ 3622+ 337.3% 437.6% 5299+ 296.1+ 305.7+ 3125+ 330.1% 396.0+ 4254
2740 259.0 1738 265.0 3486 460.7 257.1 85.1 1519 2535 3116 1970

Respirable fraction (%) 28.3 44.3 29.9 17.3 31.5 27.8 28.5 20.0 20.2 18.7 20.0 21.7

Microclimatic parameters (average)
Temperature (°C) 20 21 23 19 20 20 21 18 18 20 21 20
Relative humidity (%) 70 66 68 70 65 57 55 49 53 50 50 62

Atmospheric presssure 754 754 758 759 753 756 751 758 764 759 756 760
(mm Hg)

N — number of days in which samples were collected.
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Figure 1. Monthly fluctuations in concentration of bacteria in air of aFigure 2. Monthly fluctuations in concentration of fungi in air of a
hospital ward (mean + S.D.). hospital ward (mean + S.D.).

Sabouraud agar plates were incubated for 7 days at 28AMbich the results for the month of January 1982 were

The grown colonies were counted and differentiated amqtesented [3].

the data reported as cfu per 1 cubic metre of air (Gju/m

The total concentration of microorganisms in the air was RESULTS

obtained by the addition of the concentrations of total

mesophilic bacteria and fungi. The percent composition of Seasonal fluctuations of airborne microflora. Mean

the total microflora of the air was then determined. monthly concentrations of total microorganisms (bacteria
Bacterial isolates were identified with microscopic and fungi) in the air of the examined hospital ward were

biochemical methods, as recommended by Bergeyetween 296.1-529.9 cfulmwith the highest values in

Manual [5] and Cowan & Steel [6]. Fungi were classifie®November (529.9 cfu/fj, October (437.6 cfu/fj and

with microscopic methods, according to Barron [4]May (425.4 cfu/m), and the lowest values in winter

Litvinov [29], and Raper & Fennell [42]. months: December (296.1 cfufinJanuary (305.7 cfuffy
and February (312.5 cfufin(Tab. 1).
Spirographic examinations of patients.For determi- The fluctuations in the monthly concentrations of bac-

nation of the potential impact of microbial pollution of airteria in the air of the hospital ward are presented in Figure
on the respiratory status of asthmatic patients in tHe The concentrations of airborne bacteria ranged from
examined ward, spirographic examinations of patien57.1-436.3 cfu/fh with peak values in November and
were conducted during a period from 4 January 1982 May and the lowest values from December to February.
28 May 1982. A total of 24 patients (17 males and 7 The fluctuations in the monthly concentrations of fungi
females, age range 23-80 years) with the diagnosis iofthe air of the hospital ward (Fig. 2) were much greater
bronchial asthma were examined. The impairment of lungpmpared to bacteria. The numbers of airborne fungi
function was severe in 10 patients, moderate in 5 patientanged from 9.9-96.1 cfufhwith the very distinct peak
mild in 4 patients, and absent in 5 others. The patieritsNovember and the lowest value in May.
were hospitalized in the examined ward for a period of 1- The variations in monthly concentrations of total
8 weeks. microorganisms, bacteria and fungi in the air of the

The spirographic examinations were carried out withospital ward were statistically significant (p<0.001). No
the use of a “Vitalograph” twice a day, in parallel with aisignificant relationship was found between the microcli-
sampling: in the morning at 09:00 and in the afternoon atatic parameters of the hospital ward (temperature,
13:00. Forced expiratory volume in 1 second (DEANd relative humidity, atmospheric pressure) and the concen-
vital capacity (VC) were determined. trations of total microorganisms, bacteria and fungi in the

air.

Statistical analysis. The data were analysed by Sha-
piro-Wilk test for distribution, cHitest, Wilcoxon mat- Daily fluctuations of airborne microflora. The con-
ched-pairs test, Spearman’s correlation test and Pearsoresitrations of total airborne microorganisms, bacteria and
test for correlation, using STATISTICA for Windows v.fungi recorded in the hospital in the morning (respectively
5.0 package (Statsoft Inc., Tulsa, Oklahoma, USA). 311.4-608.2 cfu/fh 267.1-505.6 cfu/fh and 11.3-107.4

The maintenance conditions in the examined pneumofu/m?®) were significantly greater compared to those
nological department did not substantially change sincecorded in the afternoon (respectively 249.2-451.6 éfu/m
the study period. The results of this study have not be@3.6-410.9 cfu/fh) and 8.5-84.8 cfu/fy (p<0.01) (Tab.
published until now, except for a short communication if).
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Respirable fraction. The mean monthly values of Gram-negative bacteria constituted 11.8-27.5% of the
respirable fraction for total microorganisms were withiotal count and 5.6-30.2% of the respirable fraction. The
the range of 17.3-44.4% (Tab. 1), for bacteria within thenost common were strains dflavobacterium spp.,
range of 17.2-44.8%, and for fungi within the range dbllowed by Acinetobacter calcoaceticuand Pantoea
2.2-39.1%. agglomerans The other isolates were identified as

Escherichia coli Enterobacterspp., Klebsiella oxytoca

Composition of airborne microflora. The composi- Pseudomonas aerugingsBranhamella catarrhalisand
tion of microflora isolated from the air of the hospitalNeisseria flavescens
ward is presented in Figure 3 (total count) and Figure 4 Corynebacteria formed 9.6-20.0% of the total count
(respirable fraction). As seen from these Figures, the masid 4.5-22.1% of the respirable fraction. The most
common microorganisms were Gram-positive coca@ommon were strains oArthrobacter spp. followed by
which accounted for 31.4-46.4% of the total count anBrevibacterium spp. Less numerous were strains of
37.2-49.6% of the respirable fraction. Prevailing isolateSorynebacteriunspp. andRhodococcuspp. Endospore-
were the coagulase-negative white staphylococdiprming bacilli Bacillus spp.) were relatively rare and
classified asstaphylococcus epidermidishile the remai- constituted 0.3-3.2% of the total count and 0-4.5% of the
ning part of this group belonged to the genBfigro- respirable fraction. They comprised the spe@aesillus
coccusand StreptococcusCoagulase-positive strains ofsubtilis Bacillus cereus and Bacillus megaterium
Staphylococcus aurewgere not found. Actinomycetes $treptomyces albusStreptomycesspp.)

Table 2. Correlation between concentration of microorganisms in air of hospital ward and spirographic indices in asthmatic ppitieltsdas
the ward.

No. Initials Number Of. Compared correlation
mea‘;mﬁi?s Concentration of bacteria versus spirographic indices Concentration of fungi versus spirographic indices
Total bacteria Respirable bacteria Total fungi Respirable fungi
VC FEVL VC FEV, VC FEVZ VC FEV,
1 B.S. 21 * ** * * ¢ ¢ * O]
2 C.A. 18 ¢ ¢) G ) ¢ Q] ¢ G
3 C.R. 30 ¢ ¢ * ¢ ¢ ¢ ¢ ¢
4 F.A 20 G ¢ G ) ) O] ¢ 0
5 G.B. 12 ) Q) Q] Q) Q] Q] Q] Q]
6 K.H.1 9 G Q] ¢ ) G O] ¢ ¢
7 O.F. 57 ) * Q] * ) Q] ) )
8 P.F.1 25 ¢ ¢ Q] ¢ ¢ * ¢ ¢
9 S.C. 27 ) Q] ) Q] ) Q] Q] Q]
10 T. W. 70 ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢
11 W.A. 12 O] ¢ ¢ ¢ ¢ ¢ ¢ ¢
12 G.s. 32 Q] Q] ) Q] ) Q] ) )
13 KA1 27 O] * ¢ ¢ ¢ * ¢ O]
14 K. H.2 1 Q] Q] ) Q] ) Q] ) Q]
15 L.S. 34 Q] Q] ) Q] Q) Q] Q) Q]
16 T.M. 12 ) ) Q] ) Q] ) ) )
17 N. S. 18 Q] Q] ) Q] ) Q] Q] Q]
18 O. M. 35 O] ¢ ¢ ¢ ¢ ¢ ¢ ¢
19 W. M. 30 > ) * ) ) Q] Q] *
20 KA 2 20 ¢ ¢ O] ¢ O] ¢ ¢ ¢
21 P.F.2 42 ) ) Q] ) > Q] ) ¢
22 R.J. 40 Q] Q] Q] Q] Q] Q] ) *
23 B. B. 24 ) ¢ ) ¢) ¢ Q] Q] Q]
24 P.T. 38 ) ) * Q] ** * Q] ¢

*-** statistically significant negative correlation: *p<0.05, **p<0.01. (-): no significant correlation.
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Figure 3. Composition of airborne microflora in a hospital ward: totalFigure 4. Composition of airborne microflora in a hospital ward: respi-
count. rable fraction.

occurred in very small numbers and formed only 0-2.0%he significant decrease of spirographic indices (VC,
of the total count and 0-2.0% of the respirable fraction. FEV;) in asthmatic patients at increase of the concen-

Fungi constituted 7.6-42.5% of the total count and 0.9ration of bacteria and/or fungi in the air of the hospital
41.0% of the respirable fraction. The prevailing speciesard was found in 9 out of 24 examined patients (37.5%)
was Aspergillus fumigatuswhich formed on average and in 19 out of 192 analysed single relationships (9.9%).
77.0% of all fungal strains isolated from the air of th&he decrease of vital capacity (VC) was correlated in 2
hospital ward. Other fungal isolates comprisedases with the increase of the concentration of total
Aspergillus niger Aspergillus flavus Aspergillus spp., bacteria, in 4 cases — of respirable bacteria, in 2 cases — of
Penicillium spp., Geotrichum candidumTrichoderma total fungi, and in 1 case — of respirable fungi. The
album Mucor spp., andRhizopus nigricansAs seen in decrease of forced expiratory volume in 1 second (FEV
Figure 5, the concentration Aspergillus fumigatus the was correlated in 3 cases with an increase of the
air was similar to other fungi during the summer monthsoncentration of total bacteria in 2 cases — of respirable
between June and September, and starting from Octolbaicteria, in 3 cases — of total fungi, and in 2 cases — of
rapidly raised with a distinct peak in November (96.%espirable fungi (Tab. 2). Altogether, out of 19 significant
cfu/n?®, 91.1% of all fungi). The numbers éipergillus single relationships, in 11 cases the decrease of spiro-
fumigatus remained relatively high during winter andgraphic indices was due to an increase of bacteria, and in
spring months and rapidly dropped in May (Fig. 5). 8 cases due to an increase of fungi.

Correlation between concentration of microorga- DISCUSSION

nisms in the air of the hospital ward and lung function The levels of airb bacteri din the hosital
tests in asthmatic patients hospitalized in the ward. € Ievels ol arborne bacteria measured in the hospita

ward of the pneumonological department within a period
1001 nergilus fumigaus of 1 year were of the order 4 @fu/nt, They showed a
90| = Otherfungi significant seasonal variation but without distinctly
directed trends. The recorded levels of airborne bacteria

%1 were lower compared to those reged by Dolezal et al.

704 [8] from a pneumonological department, by Kelsen &
604 McGuckin [18] from a cardiothoracic surgical unit, by
5o Kotlarek-Hauset al. [19] from a haematological depart-
£ ment, and by Paneclet al. [39] from a surgical unit; -
© 404 similar to those reported by Nunetsal.[37] from general
30 hospitals; - and greater compared to those reported by Li
20 & Hou [28] from operating theatres.

Staphylococci prevailed among bacteria isolated from
the air of the examined hospital ward, similar to the

0 — _— studies of earlier authors who examined microflora of air
VEVIE VD e X XX ewovev in hospitals [8, 13, 16, 19, 39]. The risk of exposure to
Months staphylococci was diminished by the fact that the isolated

Figure 5. Monthly concentrations okspergillus fumigatusersus othe ~ SU@INS were coagulase-negative and unlikely to cause
fungi in the air of a hospital ward. infections. Gram-negative bacteria found in the air of the
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hospital ward could be a source of adverse endotoxin [Idhtained by Lahanet al. [25], who reported the peak
11, 24] andAcinetobacteistrains may be a potential causevalues of the concentration épergillusspp. in the air
of hospital infections transmitted by air [1]. Some of thef hospital rooms during autumn and winter. In contrast,
Gram-positive isolates belonging to corynebacteria arBblomonet al. [43] and Hospenthatt al. [17] have not
actinomycetes Arthrobacter spp., Brevibacteriumspp., found a seasonal variability of airborn&spergillus
Streptomyces albyseveal allergenic properties [10, 23,fumigatusspores in hospitals located in the USA. The
31]. concentrations ofAspergillus fumigatuspores found in
The levels of airborne fungi measured in the hospitdhe air of the hospital ward in the present study are lower
ward of the pneumonological department within a periodompared to those reported by Noble & Clayton [35], but
of 1 year were of the order i@fu/n?. The recorded greater compared to those reported by Solorebral.
levels of airborne fungi were lower compared to thosgl3], Arnow et al. [2], and Hospenthalket al. [17].
reported by Nowickeet al. [36] from a haematological Generally,Aspergillus fumigatuss recovered commonly
department, by Krajewskat al. [20] from an obstetrics from the hospital environment, posing a particular risk of
department, by Rainegt al. [41] from a bone-marrow invasive aspergillosis in immunocompromised patients [2,
transplantation unit, and by Martins-Diréz al.[30] from 14, 17, 33, 40].
a surgical centre and intensive care units; - similar to Staib et al. [44] reported the increase éfspergillus
those reported by Pinet al. [40] from haematology fumigatusin the open air of West Berlin (Germany)
wards, and by Nunest al. [37] and Herman [14] from between October and March, which is in accordance with
general hospitals; - and greater compared to tho#ee results of the present work. Mulliasal. [34] explain
reported by Panagopouloat al. [38] from high-risk the “winter” increase of airbornéspergillus fumigatus
departments of hospitals, and by Li & Hou [28] fromspores by the availability of nutrient-rich decaying plant
operating theatres. debris originating from fallen leaves, which promotes
Fungal flora of the air of the examined hospital wardrowth of the fungus. The possible impact of fallen leaves
was dominated by the specigsspergillus fumigatus on increase of the outdoor and indémpergilluscounts
which formed 77% of total isolateAspergillus fumigatus is pointed out also by Herman [14]. The above-mentioned
is a known hazardous agent which may cause allerginggestions could be considered in the case of our study,
alveolitis, asthma, pulmonary aspergillosis and possibbs the hospital building is surrounded with deciduous
mycotoxicoses [7, 10, 14, 21, 23, 24, 26]. Some othé&ees shedding leaves in autumn.
fungi isolated from the air of the war@gpergillus niger Different patterns of variability of airborne fungi in the
Aspergillus flavusPenicillium spp.,Rhizopus nigricans air of hospitals were reported from countries
also pose a respiratory risk as potential sources ciiaracterized by warm or hot climates. Panagopoatou
allergens and toxins [10, 12, 23, 24, 32]. Holmberg [15]l. [38] found the highest levels of airborne fungi in
has shown that the concentrationsAspergillusspores examined hospitals in Greece in summer and autumn.
above 50 cfu/fhin Swedish dwellings were associatedMartins-Diniz et al. [30], who found the prevalence of
with a higher prevalence of the sick building syndrome Cladosporium in the air of examined hospital wards in
symptoms in exposed people. The prevalence 8fazil, noted the peak value of airborne fungiin July.
Aspergillusspp. spores in the air of hospital wards was As there are no generally accepted threshold limit
found also by Noble & Clayton [35], by values concerning concentrations of bacteria and fungi in
Thirumalaikolundusubramanizet al. [45], by Lentinoet the air of hospitals, the obtained results could be
al. [27], and by Panagopouloet al. [38]. In contrast, compared only with the values recommended by various
Nowickaet al. [36], Piniet al.[40], and Martins-Dinizt authors or institutions. The mean levels of airborne fungi
al. [30] found the prevalence ofCladosporium noted in the present work were below the value proposed
(Cladophialophora spp. and Krajewska&t al. [20] the by Krzysztofik [22] for hospital wards, equal to 200
prevalence ofCandida spp. in the air of examined cfu/m?, whereas the mean levels of airborne bacteria were
hospital rooms. below the Polish state recommendation for class Il
In this study, fungi showed a highly significanthospitals equal to 700 cfufmand slightly above the
seasonal variation which was distinctly greater compardblish state recommendation for class Il hospitals, equal
to bacteria. It was characterized by a very distinct peak ia 300 cfu/mi, and the European recommendation for
November and with the lowest value in May. Keeping iclass IIl hospitals, equal to 200-300 cfd/f20, 22].
mind that this peak was due to the increasasgfergillus In 9 out of 24 asthmatic patients (37.5%) hospitalized
fumigatusspores, our results correspond to those report@dthe examined ward during the study period, significant
by Noble & Clayton [35] and Mullinst al.[34], who also correlations were found between increase of the
found the seasonal peaksAdpergillus fumigatugn the concentrations of bacteria and/or fungi in the air of the
air of European hospitals in the autumn and winteward and decrease of the lung function parameters.
months. The present results are also in agreement wiNlmmbers of single correlations associated with the
those of Herman [14] who noted the highest counts d@fcrease of bacteria or fungi were similar (respectively 11
airborne fungi outside and inside the hospital from latend 8) although the numbers of airborne bacteria in the
September through to early December, and with thoseard were circa 10 times greater than fungi. This seems
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to indicate the substantial role of fungi in causing 9 Dutkiewicz J, Kwapiszewski C: Nowy aparat do badania

; rH’g{(robiologicznego zanieczyszczenia powietrza [New sampler for
decrease of Iung function parameters and asth microbiological examination of the aifPchrona Powietrzal975,9(2),

exacerbations in prone patients, which could be causgflss (in polish).

either by allergen-specific reactions, or nonspecific, 10.Dutkiewicz J, Jablonski L: Biologiczne Szkodliwosci Zawodowe
immunotoxic reactions. It was evidenced that sensitizéccupational BiohazardsPZWL, Warsaw 1989 (in Polish). _
tion and exposure to airborne moulds is associated Wthl.Dutklercz J: Bacteria and fungi in organic dust as potential

. alth hazardn: Midtgérd U, Poulsen OM (Eds): Waste Collection and
exacerbations of asthma [47], and that low numbers QEcyciing — Bioaerosol Exposure and Health Problems. Proceedings of

Aspergillus spores in the air (50 cfuf which were an international Meeting held in Kege, Denmark, 13-14 September
exceeded in the course of this study, could evok&96.Ann Agric Environ Med997,4, 11-16.

symptoms of sick building syndrome [15]. Nevertheless, 2-Eduard W, Sandven P, Levy F: Serum 1gG antibodies to mold
Spores in two Norwegian sawmill populations: relationship to respiratory

the obtained statistical results _could be t_aken _vvith cautioghq other work-related symptorsm J Ind MedL993,24, 207-222.

as only 10% of the analysed single relationships proved t013. Gould JC: Airborne pathogenic bacteria in a tissue transplant unit.
be significant. Another limitation of the study is that then: Silver IH (Ed):Aerobiology Academic Press, London 1970, 62-76.
patients could not be tested with bacterial and fung% 14. Herman LGAspergillusin patient care areadinn NY Acad Sci

. K K 80,353 140-146.
allergens to confirm the observed relationships. 15. Holmberg K: Indoor mould exposure and health effelets.
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