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ABSTRACT

Background: Mushroom cultivation in humid, high-altitude rural areas of northern Thailand may expose work-
ers to elevated levels of airborne fungi. However, quantitative evidence on fungal workplace environments and
associated respiratory symptoms among mushroom workers remains limited.

Methods: A cross-sectional study not registered in a trial registry, was conducted among 350 mushroom work-
ers from 35 rural mountain farms in northern Thailand. Workplace environmental conditions, including tem-
perature, relative humidity, air velocity, carbon dioxide concentration, and airborne fungal counts, were meas-
ured using standardized instruments and a single-stage impactor. Worker characteristics and respiratory
symptoms were collected using a structured questionnaire. Multiple logistic regression was performed to iden-
tify factors associated with upper and lower respiratory symptoms.

Results: Workers spent an average of 4.20+2.29 hours per day inside mushroom cultivation areas. Airborne
fungal concentrations ranged from 515.67 to 5,708.00 CFU/m3. Upper respiratory symptoms were reported in
33.1% (n=116/350) of workers, while lower respiratory symptoms were reported in 2.6% (n=9/350). Upper
respiratory symptoms were significantly associated with age 31-60 years (aOR = 2.58; 95% CI: 1.08-6.17) and
fungal concentrations of 2,001-4,000 CFU/m3 (aOR = 15.03; 95% CI: 1.53-147.52). A history of respiratory disease
was significantly associated with lower respiratory symptoms (aOR = 5.68; 95% CI: 1.10-31.95).

Conclusions: Airborne fungal exposure was significantly associated with respiratory symptoms, with workers
exposed to fungal concentrations of 2,001-4,000 CFU/m?3 showing markedly increased risk at 15.03 times.
Strengthening ventilation systems and respiratory protection practices may help reduce occupational respira-
tory risks.
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INTRODUCTION

Mushroom cultivation has expanded rapidly in Thai-
land due to its favorable tropical and humid climate,
especially in high-altitude northern regions.! Mush-
rooms are widely consumed for their nutritional value
and are an important source of income for rural
households.2 Despite its economic importance, mush-
room farming in small-scale production systems often
involves limited environmental control and occupa-
tional health protection. Workers typically operate in
enclosed cultivation houses containing organic sub-
strates that create humid micro-environments favora-
ble for fungal growth and spore dispersal. Agricultural
environments involving organic material handling are
recognized as important sources of airborne bioaero-
sols, while elevated humidity and inadequate ventila-
tion in enclosed indoor environments further pro-
mote fungal proliferation and airborne contamina-
tion.3 Previous research has shown that exposure to
airborne fungi can contribute to respiratory irritation,
allergic reactions, or chronic respiratory symptoms,
particularly among individuals who work in damp or
poorly ventilated environments.4->

In Thailand, studies on occupational exposure to bio-
aerosols have mainly focused on agricultural sectors
such as rice farming, poultry operations, and com-
posting facilities.® These investigations have docu-
mented elevated concentrations of fungal spores and
associated respiratory risks, yet mushroom workers a
group that closely interacts with organic substrates
under high-humidity conditions remain understud-
ied. The unique microenvironment of mushroom
houses, characterized by constant moisture, decom-
posing organic matter, and limited ventilation, creates
conditions conducive to microbial proliferation.”8
Such environments may expose workers to consider-
able fungal loads, with potential implications for both
upper and lower respiratory health.®

Although several international studies have measured
airborne fungi in agricultural workplaces, few have
addressed the specific exposure patterns of mush-
room workers, particularly in rural or mountainous
locations where environmental monitoring and
health services are limited.> Workers in these settings
may be at heightened risk due to prolonged exposure
periods, inadequate personal protective equipment,
and pre-existing health vulnerabilities. Moreover, en-
vironmental parameters such as temperature, humid-
ity, air velocity, and carbon dioxide concentration are
known to influence fungal growth and dispersal,10-11
yet these factors have not been systematically as-
sessed in mushroom farms in Thailand.

There is a lack of baseline data regarding the fungal
levels in mushroom cultivation environments in rural
mountainous communities of northern Thailand. Ad-
ditionally, limited information exists on how worker
characteristics and environmental conditions collec-
tively contribute to respiratory symptoms in this pop-
ulation. Understanding these relationships is
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essential for developing appropriate risk-reduction
strategies and guiding preventive public health
measures for informal agricultural workers.

Northern Thailand, particularly Chiang Rai Province,
was selected as the study site due to its mountainous
geography, high humidity, and widespread small-scale
mushroom cultivation practices. These environmental
conditions create favorable microclimates for fungal
growth and bioaerosol accumulation, potentially in-
creasing occupational exposure among workers. Fur-
thermore, mushroom cultivation has been actively
promoted in this region by governmental and private
sectors, resulting in the establishment of more than
60 registered mushroom-related community enter-
prises in Chiang Rai Province. The province is recog-
nized as one of the major mushroom-producing and
exporting areas in northern Thailand,!? highlighting
its importance as a relevant public health setting for
investigating airborne fungal exposure and respira-
tory health risks among mushroom workers.

Therefore, this study aimed to assess the fungal work-
place environment and identify factors associated
with upper and lower respiratory symptoms among
mushroom workers in small-scale rural mountain
farms in northern Thailand. Findings from this study
are expected to provide essential evidence for improv-
ing occupational health practices, enhancing environ-
mental control measures, and informing targeted
screening and monitoring for high-risk worker
groups.

METHODOLOGY

Sample and Sampling: The sample size was calcu-
lated using the single population proportion formula
described by Cochran: n = Z2P(1-P)/d?% where n is the
required sample size, Z is the standard normal deviate
corresponding to a 95% confidence level (1.96), P is
the estimated prevalence of respiratory symptoms (P
= 0.633) based on a previous cross-sectional study
among mushroom workers in Ireland conducted by
Hayes and Rooney,!3 and d is the margin of error
(0.05). Based on, the minimum required sample size
was 356 participants. However, due to field feasibility
constraints, a total of 350 participants were included
in the study.

A multi-stage cluster sampling method was employed
in this study. Chiang Rai Province was purposively se-
lected as the study area due to its mountainous geog-
raphy, humid climate, and widespread small-scale
mushroom cultivation. From the total of 18 districts in
the province, three districts (Phaya Mengrai, Phan,
and Thoeng) were randomly selected using simple
random sampling. Within the selected districts, mush-
room farms were identified, and farms served as the
primary sampling units (clusters). All eligible workers
from participating farms were invited to participate in
the study. On average, approximately 10 workers were
available per farm, based on field enumeration con-
ducted during farm visits prior to participant
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recruitment. A total of 35 farms and 350 workers
were included in the final sample.

Data collection involved environmental measure-
ments of working conditions, assessment of airborne
fungi, and structured interviews with workers. Inclu-
sion criteria required participants to have at least one
year of mushroom cultivation experience, the ability
to communicate and understand Thai, and willingness
to participate voluntarily. Exclusion criteria included
workers who were absent on the scheduled data col-
lection date.

Research Tools and Quality: The research instru-
ments were categorized into four types: an airborne
fungal test, workplace environment measurement
tools, a carbon dioxide meter, and an interview ques-
tionnaire.

i) The airborne fungal test utilized a portable air
pump (air suction rate: 28.3 liters/minute), an Ander-
sen single-stage sampler, and potato dextrose agar
(PDA) in a 9-cm Petri dish as the culture medium.
Other materials included sterile cotton pads, 70% iso-
propanol alcohol, and ice packs for temperature
maintenance during transport. Samples were incu-
bated at 35-37°C for 48 hours. Fungal counts were
measured in colony-forming units per cubic meter
(CFU/m3). Sample collection followed the NIOSH
Method 0800 standard.

ii) For workplace environment measurements, a Ve-
lociCalc® Air Velocity Meter, Model 966, was used.
This device measures air velocity (in meters per sec-
ond), temperature (in degrees Celsius), and relative
humidity (in percent). The instrument was calibrated
by the supplier, with calibration certificate number
P16440029.

iii) A Rotronic Carbon Dioxide Meter, Model CP11, was
used to measure carbon dioxide levels in parts per
million (ppm). The device was calibrated by the sup-
plier, and its calibration certificate number was
71405146.

iv) The interview questionnaire was comprised of
four sections: personal information (7 items, includ-
ing age, smoking status, and past medical history),
work experience (7 items, including job description,
length of employment, and work frequency), personal
protective equipment use (3 items, including the use,
type, and frequency of respiratory personal protective
equipment), and respiratory symptoms (23 items),
which was adapted from American Thoracic Society's
Division of Lung Disease Questionnaire (ATS-DLD).

The respiratory symptom section of the questionnaire
was adapted from the ATS-DLD questionnaire, which
remains widely used in respiratory epidemiological
and occupational health studies. Recent occupational
studies continue to apply standardized ATS-DLD
based respiratory symptom questionnaires, support-
ing their continued relevance in contemporary re-
search.1* Therefore, additional reliability testing was
not conducted, as the respiratory symptom items

National Journal of Community Medicine | Volume 17 | Issue 07 | July 2026

Yenjai P et al.

were derived from a previously validated standard-
ized instrument.

The main outcome variable was respiratory symp-
toms were assessed using an adapted version of the
ATS-DLD questionnaire. A total of 23 items were in-
cluded and categorized into five domains: nasal symp-
toms (3 items), cough (6 items), phlegm (6 items),
wheezing (4 items), and shortness of breath (4 items).

Upper respiratory symptoms included nasal symp-
toms, cough, and phlegm (15 items), while lower res-
piratory symptoms included wheezing and shortness
of breath (8 items). Each symptom was recorded as a
dichotomous response (yes/no). Participants were
classified as having upper or lower respiratory symp-
toms if they reported at least one symptom within the
respective category during the past 1 month. For data
analysis, symptoms were dichotomized as either "yes"
or "no," with a score of 1 for the presence (yes) of at
least one symptom and 0 for no symptoms. The ques-
tionnaire content validity was assessed using the In-
dex of [tem-Objective Congruence (I0C) evaluated by
three experts, in occupational health, safety, and occu-
pational medicine. The 10C values ranged from 0.67 to
1.00, confirming its quality.

Data Collection: Fungal samples were collected using
area sampling within the mushroom farms. Sampling
points were chosen in areas with high worker activity
and in farms with the most mushrooms ready for har-
vesting. The air suction pump was calibrated before
and after each collection. All sampling equipment was
cleaned with 70% alcohol. Petri dishes were placed on
the Andersen single-stage sampler, which was set ata
height of 1.5 meters from the ground, corresponding
to the breathing zone. The pump was operated at an
air suction rate of 28.3 liters per minute for 3 minutes.
Samples were collected at one central point per farm,
with three replicate samples taken at each point. After
collection, the Petri dish lid was closed, labeled on the
bottom with the sample number, and stored medium-
side up to prevent condensation from dripping onto
the medium. Samples were then placed in sterilized
plastic bags, packed in a cooler with ice at 4°C, and
transported to the laboratory. Fungal measurements
for each farm were reported as the average of the total
fungal counts.

Airborne fungal samples were collected using a sin-
gle-stage Andersen impactor operated at a flow rate of
28.3 L/min for 3 minutes (=84.9 L). Short-duration
sampling protocols (2-5 minutes) are commonly used
in bioaerosol monitoring to prevent overloading of
agar plates and ensure accurate colony enumera-
tion.15 Unlike particulate dust sampling methods that
require large air volumes (NIOSH Method 0800), bio-
aerosol sampling using impactors typically employs
shorter sampling durations due to the risk of colony
overgrowth and particle overload on agar media.

Workplace environmental data were collected, includ-
ing temperature, relative humidity, air velocity, and
carbon dioxide levels. One measurement was taken
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per greenhouse area, at the same location as the fun-
gal sample collection. The procedure involved setting
up the instrument, holding it at a height of 1.5 meters,
and extending the probe to the measurement point.
After waiting for approximately one minute for stabi-
lization, a reading was taken. This process was re-
peated three times per point, and the results were rec-
orded on a data form.

For the questionnaire interviews, researchers first ex-
plained the study procedures and obtained informed
consent from the mushroom workers. Interviews
were conducted face-to-face at the farms after the
workers had completed their tasks. Each interview,
using the custom-developed questionnaire, lasted ap-
proximately 10-15 minutes. To verify the accuracy of
the self-reported data, the research team observed
participants' clothing and their use of respiratory pro-
tection equipment during the interviews.

All data collection procedures were conducted after
obtaining ethical approval from the Faculty of Public
Health, Burapha University (Human Research Ethics
Clearance Certificate No. 001/2560). Written in-
formed consent was obtained from all participants
prior to data collection. All collected data were anon-
ymised to ensure participant confidentiality. This
cross-sectional study was not registered in a clinical
trial or study registry. Data collection was conducted
between 2017 and 2018.

Data Analysis: Data analysis began with the Kolmo-
gorov-Smirnov test to determine the distribution of
the data. For continuous variables with a normal dis-
tribution, descriptive statistics were reported as mean
and standard deviation (SD). For non-normal distri-
butions, the median, minimum, and maximum values
were used. Discrete variables were analyzed using fre-
quencies and percentages. Binary logistic regression
was used to examine associations between independ-
ent variables and respiratory symptoms. Variables
with p <0.20 in bivariate analysis were considered for
inclusion in the multivariable logistic regression
model,1¢ consistent with recommended statistical
practices. No formal correction for multiple testing
was applied because the analyses were conducted us-
ing multivariable logistic regression models to iden-
tify independent predictors rather than performing
multiple independent hypothesis tests. A statistical
significance level of p <0.05 was used for all analyses.

Working hours per day contained missing values for
86 participants. In regression analyses, cases with
missing working hours data were excluded only from
analyses involving that variable, while other variables
were analyzed using all available observations
(n=350). Thus, the effective sample size varied de-
pending on the availability of data for each variable.

RESULTS

A total of 350 mushroom workers from 35 farms were
assessed for eligibility following the multi-stage
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cluster sampling procedure described in the methods
section. All workers met the predefined inclusion cri-
teria and voluntarily agreed to participate in the
study. Questionnaire interviews and environmental
sampling were successfully completed for all partici-
pants. No missing questionnaire data were identified,
as the questionnaires were interviewer-administered
and reviewed for completeness at the time of data col-
lection.

A flow diagram illustrating the selection of study ar-
eas, recruitment of mushroom farms, and inclusion of
participants in the final analysis is presented in Figure
1.

Mushroom farms located in Chiang Rai Province
(18 districts)

Random selection
v

Districts selected for study
(n =3 districts)

. Farm eligibility assessment

Eligible mushroom farms
(n =35 farms)

Worker eligibility assessment

Eligible mushroom workers
(n=350)

il Participation

Workers who provided informed consent

and completed data collection
(n=350)

Analysis

A

Workers included in final statistical analysis
(n=350)

Figure 1: Flow diagram of study area selection,
farm recruitment, and participant inclusion

Participants were predominantly female and middle-
aged, with a relatively low prevalence of smoking and
respiratory disease history. More than half reported
using respiratory protective equipment; however, the
use was largely limited to cloth masks and was not
consistent. Most workers had less than 10 years of
work experience and spent relatively short daily peri-
ods inside mushroom cultivation areas, although the
majority worked throughout the week. Detailed char-
acteristics are presented in Table 1.
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Table 1: General information and work history of
mushroom workers

Yenjai P et al.

Table 2: Workplace environment of mushroom
farms

Variables Workers (%)
Gender (n=350)

Male 131 (37.4)

Female 219 (62.6)
Age (n=350)

< 30 years 41 (11.7)

31-60 years 264 (75.4)

> 60 years 45 (12.9)
Smoking history (n=350)

No 298 (85.1)

Yes, current smoking 52 (14.9)
History of respiratory disease (n=350)

No 325(92.9)

Yes 25(7.1)
Respiratory protective equipment used (n=350)

No 163 (46.6)

Yes 187 (53.4)

Type of respiratory protective equipment (n=187)

Cloth mask 124 (66.3)
Paper mask 53 (28.4)
Face mask hat 9 (4.8)
Particulate filter mask 1 (0.5)

Frequency of respiratory personal protective equip-
ment used (n=187)

Every time 35 (18.7)
Often 31 (16.6)
Sometimes 121 (64.7)
Longevity in the mushroom plant (year) (n=350)
1-10 257 (73.4)
11-20 75 (21.4)
>20 18 (5.1)

Mean=9.51, SD=6.89, Min=1, Max=32
Working hours per day in the mushroom plant (hours
per day) (n=264)"

1-4 196 (74.2)
5-8 59 (22.4)
>8 9 (3.4)

Mean=4.20, SD=2.29, Min=1, Max=12
Working days per week in the mushroom plant (day
per week) (n=350)

1-2 3(0.9)
3-4 12 (3.4)
5-7 335 (95.7)

Mean=6.76, SD=0.88, Min=1, Max=7
Note: Values are presented as number (%). Mean (SD) and range
are provided for continuous variables; *Working hour data were
available for 264 workers; 86 workers (24.5%) were unable to
specify daily working hours.

Most mushroom houses were of medium to large size,
with indoor temperatures generally maintained at or
below 35°C and humidity levels below 70% in the ma-
jority of farms. Airborne fungal concentrations were
predominantly below 2,000 CFU/m3, although a
smaller proportion of farms showed moderate to high
fungal levels. These findings indicate generally humid
and enclosed working environments with variable
fungal exposure levels across farms. Detailed environ-
mental characteristics are presented in Table 2.

Overall, upper respiratory symptoms were reported
in 33.1% of workers (116/350), while lower respira-
tory symptoms were reported in 2.6% of workers
(9/350).

National Journal of Community Medicine | Volume 17 | Issue 07 | July 2026

Workplace environment of mush-  Frequency (%)
room farms
Size of mushroom plant (m3) (n=35)

Very small (<50 m3) 1(2.9)

Small (51-100 m3) 7 (20)

Medium (101-150 m3) 16 (45.7)

Large (>150 m3) 11 (31.4)

Mean=138.74, SD=49.14, Min=42, Max=200
Temperature in mushroom plant (°C) (n=35)
<35°C 26 (74.3)
>35°C 9 (25.7)
Mean=33.23, SD=4.13, Min=20.27, Max=41.0
Humidity in mushroom plant (%) (n=35)
<70 32 (91.4)
>70 3 (8.6)
Mean=51.15, SD=12.46, Min=28.7, Max=81.1
Concentration of Fungi (CFU/m3) (n=350)

<2,000 270 (77.1)
2,000-4,000 30 (8.6)
>4,000 50 (14.3)

Mean=1,237.39, SD=974.00, Min=515.67, Max=5,708.00

Note: Measurements taken at breathing-zone height (1.5 m). Val-
ues shown as number (%) and mean (SD); range.

The analysis of upper respiratory symptoms revealed
that workers aged 31-60 years had a significantly
higher risk, with an adjusted odds ratio (aOR) of 2.58
(95% CI 1.08-6.17) compared to workers aged 30 or
younger. Furthermore, an airborne fungal concentra-
tion of 2,001-4,000 CFU/m?3 was a significant factor,
showing a considerably elevated risk with an aOR of
15.03 (95% CI 1.53-147.52) relative to concentra-
tions of <2,000 CFU/m3.

The prevalence of upper respiratory symptoms in-
creased across fungal exposure categories, from
30.7% in workers exposed to <2,000 CFU/m?3
(83/270) to 56.7% in those exposed to 2,000-4,000
CFU/m3 (17/30), while the prevalence in the >4,000
CFU/m3 group was 32.0% (16/50). This pattern sug-
gests a non-linear relationship between fungal expo-
sure and upper respiratory symptoms.

Regarding lower respiratory symptoms, workers with
a history of respiratory illness were at substantially
higher risk, with an aOR of 5.68 (95% CI 1.10-31.95)
compared to those without such a history (Table 3).

DISCUSSION

This study provides empirical evidence of airborne
fungal concentrations and related respiratory symp-
toms among mushroom workers in rural mountain-
ous farms in northern Thailand. The findings demon-
strate that workers are exposed to elevated fungal
levels within cultivation houses and that both envi-
ronmental and individual factors contribute to upper
and lower respiratory symptoms. Older age, a history
of respiratory disease, and exposure to moderately
high fungal concentrations were key predictors of
symptoms.
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Table 3: Factors affecting respiratory symptoms (n=350)

Yenjai P etal.

Variables Upper respiratory symptoms OR (95% CI) Lower respiratory symptoms OR (95% CI)
Yes (n=116) No (n=234) Crude Adjusted Yes (n=9) No (n=341) Crude Adjusted
Age (year)
<30 7(6.0) 34(14.5) Ref. 0(0.0) 41(12.0) Ref.
31-60 95(81.9) 169(72.2) 2.73 (1.17-6.40) 2.58(1.08-6.17)* 8(88.9) 256(75.1) 2.75(0.16-48.56) -
>60 14(12.1) 31(13.3) 2.19(0.78-3.18) 1.94 (0.66-5.68) 1(11.1) 44(12.9) 0.72(0.11-70.62) -
Current smoker (Ref ‘No’) 23(19.8) 29(12.4) 1.74 (0.96-3.18) 1.47 (0.78-2.79) 2(22.2) 50(14.7) 1.66 (0.34-8.16) -
Smoking duration (years)
1-15 7(6.0) 9(3.9) Ref. 0(0.0) 16(4.7) Ref.
16-30 13(11.2) 16(6.8) 1.04 (0.31-3.47) - 2(22.2) 27(7.9) 3.00(0.14-66.40) -
>30 3(2.6) 4(1.7) 0.96 (0.16-5.57) - 0(0.0) 7(2.1) 2.20(0.04-121.80) -
Number of cigarettes smoked per day
1-10 18(15.5) 26(11.1) Ref. 2(22.2) 42(12.3) Ref.
11-20 4(3.5) 2(0.9) 2.88(0.50-16.88) - 0(0.0) 6(1.8) 1.31(0.06-30.41) -
>20 1(0.9) 1(0.4) 1.44 (0.08-25.0) - 0(0.0) 2(0.6) 3.40(0.13-91.58) -
History of respiratory disease (Ref ‘No") 2(1.7) 1(0.4) 4.08 (0.37-45.20) - 3(33.3) 22(6.5) 7.25(1.70-30.98)  5.68 (1.10-31.95)*
Used respiratory PPE(Ref ‘No’) 60(51.7) 127(54.3) 0.90 (0.58-1.39) - 5(55.6) 182(53.4) 1.09 (0.29-4.07) -
Type of mask respiratory PPE
Paper 18(15.1) 35(15.0) Ref. - 1(11.1) 52(15.2) Ref. -
Particulate filter 0(0.0) 1(0.4) 0.65 (0.02-18.00) - 0(0.0) 1(0.3) 0.55(0.01-26.30) -
Cloth 39(33.6) 85(36.3) 0.89 (0.45-1.76) - 4(44.4) 120(35.2) 1.73 (0.19-15.50) -
Longevity in the mushroom plant (Year)
1-10 78(67.2) 179(76.5) Ref. 5(55.6) 252(73.9) Ref.
11-20 31(26.7) 44(18.8) 1.61 (0.92-2.85) 1.39(0.79-2.45) 2(22.2) 73(21.4) 1.38(0.26-7.20) 1.21 (0.21-6.93)
>20 7(6.0) 11(4.7) 1.46 (0.52-4.13) 1.31(0.47-3.67) 2(22.2) 16(4.7) 6.33 (1.16-34.18)  4.52 (0.73-27.86)
Working hours per day in the mushroom plant (Hours)
1-4 61(52.6) 135(57.7) Ref. 3(33.3) 193(56.6) Ref.
5-8 19(16.4) 40(17.1) 1.05 (0.57-1.95) 1.01 (0.55-1.85) 2(22.2) 57(16.7) 2.25(0.37-13.88)  1.92 (0.29-12.71)
>8 5(4.3) 4(1.7) 2.76 (0.72-10.66) 2.08 (0.51-8.43) 2(22.2) 7(2.1) 18.38 (2.65-127.57) 9.64 (0.39-239.22)
Size of plant (m3)
<50 5(4.3) 5(2.1) Ref. 0(0.0) 10(2.9) Ref.
50-100 36(31.0) 34(14.5) 1.05(0.27-4.13) 1.11 (0.34-3.66) 2(22.2) 68(19.9) 1.06 (0.28-4.03) -
100-150 41(35.3) 119 (50.9) 0.34 (0.09-1.28) 1.48(0.73-3.02) 4(44.4) 156 (45.7) 0.34 (0.09-1.29) -
>150 34(29.3) 76(32.5) 0.44 (0.12-1.72) 0.56 (0.14-2.19) 3(33.3) 107(31.4) 0.45 (0.12-1.72) -
>35°C Temp in mushroom plant (Ref <35°C) 38(32.8) 52(22.2) 1.70 (1.00-2.90) 1.64 (0.96-2.81) 5(55.6) 85(24.9) 3.75 2.89(0.70-11.86)
>70% Humidity in mushroom plant (Ref <70%)|7(6.0) 23(9.8) 0.58(0.24-1.43) - 0(0.0) 30(8.8) 0.54 (0.03-9.46) -
No. of fungi in mushroom plant (CFU/m3)
<2,000 83(71.6) 187(80.0) Ref. 7(77.8) 263(77.1) Ref.
2,000-4,000 17(14.7) 13(5.6) 2.94 (1.33-6.57) 15.03 (1.53-147.52)* 1(11.1) 29(8.5) 1.29 (0.15-11.11) -
>4,000 16(13.8) 34(14.5) 1.06 (0.53-2.10) 1.58(0.71-3.52) 1(11.1) 49(14.4) 0.76 (0.09-6.59) -

Note: Variables with p<0.20 in bivariate analysis were entered into the multivariate logistic regression model. Report crude OR with 95% CI for all variables, and adjusted OR with 95% CI only for variables retained
in each final model; OR = Odds Ratio; Ref = Reference category. *Statistically significant at p < 0.05. Working hours variable contained missing data (n=86). Cases with missing working hours were excluded only from

analyses involving this variable.
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These results highlight potential occupational health
risks in small-scale mushroom production, a sector
that remains largely unregulated and understudied.

The airborne fungal concentrations observed in this
study ranged from 515.67 to 5,708 CFU/m3, which fall
within ranges previously reported in agricultural and
environmental settings. Airborne fungal concentra-
tions in rural agricultural areas have been reported by
Adhikari et al.1” range from 72 to 1,796 CFU/m?3, while
occupational and farming environments have shown
levels ranging from 250 to 3,300 CFU/m3, particularly
in areas involving organic material handling.18 Farm-
ing and mushroom cultivation environments are rec-
ognized as important sources of airborne fungal con-
tamination due to the presence of decomposing or-
ganic substrates and contaminated materials.!® The
concentrations observed in mushroom houses in the
present study may be explained by sustained mois-
ture, limited ventilation, and the use of organic sub-
strates that promote fungal growth. Environmental
parameters such as temperature and humidity ob-
served in this study further support this explanation,
as increased humidity and moderate temperatures
have been shown to enhance fungal survival and air-
borne dispersion.20 Overall, these findings indicate
that the fungal concentrations observed in this study
are consistent with previously documented levels in
environments characterized by high organic matter
and humid conditions.

The association between moderate-to-high fungal
concentrations (2,001-4,000 CFU/m3) and upper res-
piratory symptoms aligns with prior studies linking
fungal exposure to rhinitis, throat irritation, and aller-
gic responses.202! Previous research has demon-
strated that exposure to airborne fungi and other bio-
aerosols is associated with irritation of the upper res-
piratory tract, allergic rhinitis, and respiratory
complaints in occupational settings,2? while broader
epidemiological evidence indicates that fungal bioaer-
osol exposure can induce allergic and inflammatory
responses affecting the nose and throat.2? Although
concentrations above 4,000 CFU/m?® were also rec-
orded, the stronger association at moderate levels
may reflect differential exposure durations or varia-
tions in fungal species present, which were not as-
sessed in this study. Previous research has indicated
that cumulative exposure and fungal diversity can in-
fluence symptom patterns, even when total spore
counts are comparable.2! Future studies using spe-
cies-level identification could help clarify these rela-
tionships. The prevalence of upper respiratory symp-
toms was highestin the 2,000-4,000 CFU/m3 exposure
group rather than in the >4,000 CFU/m3 group, sug-
gesting that the association may not follow a simple
linear dose-response pattern. This finding should be
interpreted cautiously, as subgroup sizes were rela-
tively small and exposure was assessed using area-
based measurements at the farm level. Possible expla-
nations include exposure misclassification, heteroge-
neity in fungal species composition, differences in
work practices or ventilation, and the healthy worker
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effect.

The absence of a statistically significant association
between fungal concentrations >4,000 CFU/m3 and
upper respiratory symptoms, despite a significant as-
sociation observed in the 2,001-4,000 CFU/m? range,
represents a counterintuitive exposure-response pat-
tern that warrants further consideration. Several al-
ternative explanations may account for this finding.
First, the healthy worker effect may have influenced
the observed pattern, as workers experiencing severe
respiratory symptoms may transfer to lower-expo-
sure areas or leave employment, resulting in a rela-
tively healthier subgroup remaining in higher-expo-
sure settings and attenuating observable associations.
Second, differences in PPE use patterns may have
modified effective exposure levels, as workers in visi-
bly contaminated environments are more likely to
adopt respiratory protective measures, thereby re-
ducing inhaled fungal exposure despite high environ-
mental concentrations. Third, exposure misclassifica-
tion may have occurred due to reliance on area-based
fungal sampling at a single time point, which may not
adequately capture temporal variability in fungal con-
centrations or individual-level exposure differences.
Previous studies have highlighted that airborne bio-
aerosol exposure is highly variable over time and in-
fluenced by environmental conditions, work prac-
tices, and microbial composition, which may lead to
misclassification of exposure levels in occupational
studies.*23 Additionally, variations in fungal species
composition and allergenic potential may influence
respiratory outcomes independently of total colony
counts, as different fungal taxa exhibit varying patho-
genicity and immunogenicity.# Another possible ex-
planation is limited statistical power in the highest ex-
posure category, as relatively small subgroup sizes
may reduce the ability to detect statistically signifi-
cant associations. Future studies incorporating re-
peated measurements, personal sampling strategies,
and fungal species identification are recommended to
better characterize exposure-response relationships
in mushroom cultivation environments.+22 Moreover,
the relatively small number of workers in the highest
exposure category (>4,000 CFU/m3) may have limited
statistical power to detect significant associations.

Older workers (31-60 years) had significantly higher
odds of reporting upper respiratory symptoms, which
corresponds with literature indicating age-related
vulnerability due to immune changes, chronic inflam-
mation, or cumulative occupational exposure.24 Like-
wise, workers with a history of respiratory disease
were significantly more likely to report lower respira-
tory symptoms, supporting findings from studies in-
volving agricultural and industrial workers with pre-
existing health conditions.?’ These observations em-
phasize the importance of medical surveillance and
early screening for high-risk groups in informal work
settings.

The average time spent inside mushroom houses
(4.20 hours/day) suggests meaningful exposure dura-
tion, though shorter than in some agricultural
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contexts. Longer exposure periods have been associ-
ated with higher risks of chronic respiratory irritation
in previous studies.>26 While duration in this study did
not independently predict symptoms, time indoors
likely contributes cumulatively to exposure intensity,
particularly in high-humidity environments where
airborne fungal loads can fluctuate throughout the
day.

The ventilation characteristics of the mushroom
houses also merits consideration. Many structures re-
lied on natural ventilation without mechanical air-
flow, a practice common across rural agricultural op-
erations. Limited ventilation can trap airborne spores
and carbon dioxide, creating a stagnant microenviron-
ment that may exacerbate respiratory irritation.2¢ In-
terventions such as improving air circulation, modify-
ing structural openings, or reducing humidity levels
may have measurable effects on reducing airborne
fungal loads.

This study contributes important new insights into an
occupation rarely examined in Thailand. Mushroom
cultivation is largely informal and typically managed
within households or small cooperatives, which often
lack occupational health training or protective
measures. Although PPE such as masks could mini-
mize inhalation exposure, consistent use was not sys-
tematically assessed. Previous studies in similar agri-
cultural contexts have shown low compliance with
PPE in informal workforces due to discomfort, cost,
limited accessibility, and lack of awareness.27.28

The study has several strengths. It is one of the first to
quantify airborne fungi in mushroom houses in high-
altitude rural communities, generating baseline expo-
sure data for a previously undocumented population.
The use of environmental measurements alongside
worker-reported symptoms strengthens the assess-
ment of exposure-response relationships. The large
sample size covering 35 farms also enhances the rep-
resentativeness of findings for similar rural settings.

Several limitations should be acknowledged. First, the
cross-sectional design limits causal interpretation of
the observed associations. Respiratory symptoms
were self-reported using standardized instruments
(ATS-DLD), which may be subject to recall bias. Envi-
ronmental measurements were based on short-dura-
tion, point-in-time sampling and may not fully capture
temporal or spatial variability in fungal concentra-
tions within farms, potentially resulting in exposure
misclassification. Furthermore, daily working hours
could not be consistently reported by some partici-
pants due to variable work schedules, which may have
introduced additional exposure misclassification. Fu-
ture studies may benefit from collecting task-specific
working durations (e.g., preparation, maintenance,
and harvesting phases) to better reflect variability in
work activities. In addition, fungal identification was
limited to total colony counts without species-level
characterization, restricting the ability to differentiate
allergenic or pathogenic fungi.

The very low prevalence of lower respiratory
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symptoms (2.6%, n=9) represents another important
limitation. The small number of outcome events may
have reduced statistical power and contributed to the
wide confidence interval observed in the multivariate
analysis (aOR=5.68, 95% CI: 1.10-31.95), indicating
uncertainty in the effect estimates.2? These findings
should therefore be interpreted with caution. Firth's
penalized logistic regression was not applied; there-
fore, standard logistic regression may produce biased
estimates due to the small number of lower respira-
tory symptom events.

Additional factors such as other environmental expo-
sures (e.g., dust or ventilation patterns) and potential
intra-farm similarity among workers may also have
influenced the results but were not explicitly modeled.
In addition, the clustered sampling design may have
introduced intra-farm correlation among partici-
pants. However, design effect adjustment was not ap-
plied during sample size calculation or analysis, which
may have influenced the precision of the estimates.
Data collection was conducted between 2017 and
2018, and although delays in analysis occurred due to
COVID-19-related disruptions, working conditions in
mushroom cultivation environments have remained
relatively stable, supporting the continued relevance
of these findings.

Despite these limitations, the findings suggest poten-
tial occupational respiratory risks among mushroom
workers and highlight the importance of preventive
measures such as improved ventilation and consistent
PPE use. Future research should employ longitudinal
designs, incorporate spirometry assessment, and in-
clude fungal species identification to strengthen
causal inference and exposure characterization.

CONCLUSION

These findings suggest a potential relationship be-
tween environmental fungal exposure and respiratory
symptoms among mushroom workers. However,
given the cross-sectional design and the limited num-
ber of lower respiratory symptom cases observed in
this study, the results should be interpreted with cau-
tion. Further longitudinal studies with larger sample
sizes are needed to confirm these findings and to bet-
ter inform targeted health monitoring and preventive
strategies. These findings should therefore be consid-
ered preliminary and interpreted within the context
of the study limitations.

Acknowledgement: The authors would like to thank
all mushroom workers who voluntarily participated
in this study.

Individual Authors’ Contributions: PY and RC were
responsible for the conceptualization and study design.
Data collection was conducted by PY and PB. Data anal-
ysis and interpretation were carried out by PY, PB, and
CPP. CPP drafted the manuscript. All authors contrib-
uted to the critical revision of the manuscript and

Page 543



provided final approval of the manuscript before sub-
mission.

Availability of Data: The data supporting the find-
ings of this study are available from the correspond-
ing author upon reasonable request.

Declaration of Non-use of Generative Al Tools:
This article was prepared without the use of genera-
tive Al tools for content creation, analysis, or data gen-
eration. All findings and interpretations are based
solely on the authors' independent work and exper-
tise.

REFERENCES

1.

10.

11.

National Journal of Community Medicine | Volume 17 | Issue 07 | July 2026

Suwannarach N, Kumla ], Zhao Y, Kakumyan P. Impact of Culti-
vation Substrate and Microbial Community on Improving
Mushroom Productivity: A Review. Biology (Basel). 2022 Apr
8;11(4):569.DOLI: https://doi.org/10.3390/biology11040569
PMid:35453768 PMCid:PMC9027886

Pandey M, Satisha GC, Azeez S, Kumaran GS. Mushrooms for
integrated and diversified nutrition. Hortic Sci. 2022 Sep
23;17(1):6-18. DOLI: https://doi.org/10.24154/jhs.v17i1.1193

Dzingirayi G, Korsten L. Assessment of primary production of
horticultural safety management systems of mushroom farms
in South Africa. ] Food Prot. 2016 Jul 1; 79(7):1188-1196. DOI
https://doi.org/10.4315/0362-028X.JFP-15-356
PMid:27357039

Kim KH, Kabir E, Jahan SA. Airborne bioaerosols and their im-
pact on human health. ] Environ Sci. 2018 Mar 1;67:23-35.
DOI: https://doi.org/10.1016/j.jes.2017.08.027
PMid:29778157 PMCid:PMC7128579

Tarigan YG, Chen RY, Lin HC, Jung CY, Kallawicha K, Chang TP,
et al. Fungal bioaerosol exposure and its effects on the health
of mushroom and vegetable farm workers in Taiwan. Aerosol
Air Qual Res. 2017 Dec 4;17:2064-2075. DOI:
https://doi.org/10.4209/aaqr.2016.09.0401

Wingfield LK, Phaichamnan A,Jumnongnit T. Evaluation of bi-
osecurity and fungal contaminants in the poultry farms in
Songkhla Province, Thailand. Sci Asia. 2021 Apr 25;47(4):486-
495. DOI: https://doi.org/10.2306/scienceasial513-
1874.2021.058

Ficociello B, Masciarelli E, Casorri L, Cichelli A, Pacioni G. The
onset of occupational diseases in mushroom cultivation and
handling operators: A review. Ital ] Mycol. 2019 May
3;48(1):26-38. DOI: https://doi.org/10.6092/issn.2531-
7342/9409

Makuch M, Milanowski ], Palonka M, Makuch M, Michnar M.
Acute hypersensitivity pneumonitis associated with mush-
room worker's lung - a case report. ] Educ Health Sport. 2019
Jan 23;9(1):201-206. DOI: https://doi.org/10.5281/ze-
nodo.2547099

Barac A, Ong DS, Jovancevic L, Peric A, Surda P, Tomic Spiric V,
et al. Fungi-induced upper and lower respiratory tract allergic
diseases: One entity. Front Microbiol. 2018 Apr 3;9:583. DOLI:
https://doi.org/10.3389/fmicb.2018.00583 PMid:29666610
PMCid:PM(C5891636

Komut O, Yasar SS, Yasar M. Occupational health and safety
awareness in wood, wood products and mushroom produc-
tion sector in Turkey. Turk ] For. 2020 Aug 19;21(3):260-266.
DOLI: https://doi.org/10.18182/tjf.741635

Ade-Ogunnowo FE, Adejoye OD, Giwa IA, Adeyemo KC, Bakare
OR. Carbon dioxide, humidity, oxygen and light effect on the
growth of pleurotus pulmonarius. African Sci. 2024 Jan
5;25(2):118-122.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Yenjai P et al.

Department of Agricultural Extension. List of mushroom-re-
lated community enterprises in Chiang Rai Province. Bangkok
(TH): Department of Agricultural Extension; 2012.

Hayes JP, Rooney J. The prevalence of respiratory symptoms
among mushroom workers in Ireland. Occup Med (Lond).
2014 Aug 19;64(7):533-538. DOI:

https://doi.org/10.1093 /occmed/kqu110 PMid:25138013

Rozo Silva YA, Calderdn Sierra LI, Aguilar-Elena R. A cross-sec-
tional study to evaluate respiratory symptoms associated with
exposure to biological risks in informal waste pickers in Co-
lombia. ] Occup Environ Med. 2025 Apr 1;67(2):e212-e218.
DOI: https://doi.org/10.1097/JOM.0000000000003311

Chen G, Ma D, Huang Q, Tang W, Wei M, Li Y, et al. Aerosol Con-
centrations and Fungal Communities Within Broiler Houses in
Different Broiler Growth Stages in Summer. Front Vet Sci.
2021 Dec 13; 8:775502. DOI:

https://doi.org/10.3389 /fvets.2021.775502 PMid:34966809
PMCid:PM(C8710567

Hosmer DW, Lemeshow S, Sturdivant RX. Applied logistic re-
gression. 3rd ed. New York: Wiley; 2013. DOI:
https://doi.org/10.1002/9781118548387

Adhikari A, Sen MM, Gupta-Bhattacharya S, Chanda S. Airborne
viable, non-viable, and allergenic fungi in a rural agricultural
area of India: a 2-year study at five outdoor sampling stations.
Sci Total Environ. 2004 Jun 29;326(1-3):123-141. DOI:
https://doi.org/10.1016/j.scitotenv.2003.12.007
PMid:15142771

Gorny RL, Dutkiewicz J. Bacterial and fungal aerosols in indoor
environment in Central and Eastern European countries. Ann
Agric Environ Med. 2002 Jan 5;9(1):17-23. PMID:12088392

Karwowska E. Microbiological air contamination in farming
environment. Pol ] Environ Stud. 2005 Dec 10;14(4):445-449.

Eduard W. Fungal spores: A critical review of the toxicological
and epidemiological evidence as a basis for occupational expo-
sure limit setting. Crit Rev Toxicol. 2009 Sep 5;39(10):799-
864. DOI: https://doi.org/10.3109/10408440903307333
PMid:19863384

Douwes ], Thorne P, Pearce N, Heederik D. Bioaerosol health
effects and exposure assessment: Progress and prospects. Ann
Occup Hyg. 2003 Apr 2;47(3):187-200. DOI:
https://doi.org/10.1093 /annhyg/meg032 PMID: 12639832

Rusca S, Charriere N, Droz PO, Oppliger A. Effects of bioaerosol
exposure on work-related symptoms among Swiss sawmill
workers. Int Arch Occup Environ Health. 2008 Aug
4,81(4):415-421 DOI: https://doi.org/10.1007 /s00420-007-
0228-6 PMid:17676333

Frohlich-Nowoisky ], Kampf CJ, Weber B, Huffman JA, Péhlker
C, Andreae MO, et al. Bioaerosols in the earth system: climate,
health, and ecosystem interactions. Atmos Res. 2016 Dec
15;182:346-376. DOI: https://doi.org/10.1016/j.at-
mosres.2016.07.018

Walser SM, Gerstner DG, Brenner B, Biinger J, Eikmann T,
Janssen B, et al. Evaluation of exposure-response relationships
for health effects of microbial bioaerosols - a systematic re-
view. Int ] Hyg Environ Health. 2015 Oct 18;218(7):577-589.
DOI: https://doi.org/10.1016/j.ijheh.2015.07.004
PMid:26272513

Chua AJ, Jafar A, Luong AU. Update on allergic fungal rhinosi-
nusitis. Clin Rev Allergy Immunol. 2023 Sep 1;131(3):300-306.
DOI: https://doi.org/10.1016/j.anai.2023.02.018 PMID:
36854353

Douglas P, Robertson S, Gay R, Hansell AL, Gant TW. A system-
atic review of the public health risks of bioaerosols from inten-
sive farming. Int ] Hyg Environ Health. 2018 Mar
7;221(2):134-173. DOL:
https://doi.org/10.1016/j.ijheh.2017.10.019 PMid:29133137

Lari S, Yamagani P, Pandiyan A, Vanka ], Naidu M, Senthil Ku-
mar B, et al. The impact of the use of personal-protective-

Page 544



28.

National Journal of Community Medicine | Volume 17 | Issue 07 | July 2026

equipment on the minimization of effects of exposure to pesti-
cides among farm-workers in India. Front Public Health. 2023
Mar 8; 11:1075448. DOI:

https://doi.org/10.3389 /fpubh.2023.1075448
PMid:37026139 PMCid:PMC10072124

Sapbamrer R, Thammachai A. Factors affecting use of personal
protective equipment and pesticide safety practices: A

29.

Yenjai P et al.

systematic review. Environ Res. 2020;185:109444. DOI:
https://doi.org/10.1016/j.envres.2020.109444
PMid:32247154

Vittinghoff E, McCulloch CE. Relaxing the rule of ten events per
variable in logistic and Cox regression. Am ] Epidemiol. 2007
Mar 15;165(6):710-718. DOI:
https://doi.org/10.1093/aje/kwk052 PMid:17182981

Page 545



