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Abstract Information about airborne fungal spore is

crucial for health risk assessment and management,

especially for patients with allergy and asthma.

Nonetheless, such data are rarely available from

certain areas of the world, including Southeast Asia.

The aim of this study was to gain updated information

about airborne fungal spore in Bangkok, the capital

city of Thailand. A survey was conducted at five

sampling sites in Bangkok, using the Rotorod Sam-

pler� for a period of 1 year. High concentrations of

spores were found all year with the peak between

August and November. The most prominent spore

types were Cladosporium, Nigrospora, Puccinia,

Aspergillus/Penicillium, and Fusarium. The spore

concentrations were positively and significantly

correlated with the amount of rainfall and relative

humidity, reaching the maximum level in September.

Sensitization rates to Cladosporium, Penicillium, and

Aspergillus among Thai atopic patients were approx-

imately 16.6, 13.6, and 13.0%, respectively.

Keywords Fungal spore � Allergy � Bangkok �
Meteorological variables � Skin prick test (SPT)

1 Introduction

With over one million species described to date, fungi

are highly successful organisms that occupy a wide
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range of ecological niches. They can produce copious

amounts of spores with diameters typically\ 10 lm
and thus can be suspended in the air for an extended

period. Several fungal spores had been shown to cause

nasal symptoms and affect lower airways, especially

by aggravating respiratory diseases, including allergy,

rhinosinusitis, and asthma (Raulf et al. 2014). It had

been estimated that 2.8–10.7% of total airborne fungal

taxa are allergenic (Yamamoto et al. 2012). TheWorld

Allergy Organization (WAO) has estimated that

incidence of fungal spore sensitization is up to 10%

worldwide (Maio et al. 2011). In Thailand, the overall

prevalence of major allergic diseases increased sig-

nificantly from 1995 to 2008, with allergic rhinitis

patients increasing from 37.9 to 50.6%, affecting

millions of people in Bangkok alone (Pawankar et al.

2012). Yet, information about fungal spores in Thai-

land is limited.

Types and concentrations of fungal spores depend

on climate, which varies significantly in different

locations. Even though there have been a number of

reports on fungal spores, only a limited number of

reports are available from hot and humid areas,

especially from Asia Pacific region. To this end, the

latest report of airborne fungal spore in Thailand was

published over 30 years ago (Dhorranintra et al.

1988). With the rapid development of the city, it is

hypothesized that the amount and/or types of fungal

spores may have changed. Furthermore, the climate

change due to human activities can significantly

change fungal spore distribution, both spatially and

temporally. Thus, there is a pressing need for more

updated information. We report the updated airborne

fungal spore distribution in Bangkok, the capital city

of Thailand. In addition, the correlation between

airborne fungal spores and skin prick test results and

meteorological parameters is presented.

2 Materials and methods

2.1 Study area

Bangkok is located in Central Thailand (13.7563�N,
100.5018�E) on the Chao Phraya River Delta. As one

of the busiest cities in Southeast Asia, Bangkok city

has a reported population of over 8 million with about

5300 persons/km2 density (National Statistical Office

2010). Together with the extended Bangkok

Metropolitan, the population is over 14.5 million,

accounting for more than 22% of the country’s

population. With the total area of about 1500 km2,

the city of Bangkok is divided into 50 districts. Five

districts, each with one sampling site, were chosen to

give a good coverage of Bangkok, namely Pathum

Wan (southern Bangkok), Phra Khanong (southern

Bangkok), Chatuchak (northern Bangkok), Lat Kra-

bang (eastern Bangkok), and Bangkok Noi (north-

western Bangkok) (Fig. 1). The minimum distance

between sampling locations was approximately 6 km

and the maximum 30 km. Population density (person/

km2) varied among the sampling sites Pathum Wan

(6287), Phra Khanong (6633), Chatuchak (4891), Lat

Krabang (1338), and Bangkok Noi (9838) (Bangkok

Metropolitan Administration 2013).

The climate of Bangkok is classified as a tropical

savanna climate and is under the influence of seasonal

monsoon winds. The southwest monsoon from mid-

May to mid-October brings rainfalls. The rainfall is

highest in September with the mean rainfall of

334 mm and mean rainy days of 21.2 days. The

northeast monsoon from mid-October to mid-Febru-

ary brings cooler and dryer air from China. Yet, the

lowest mean temperature of c 22 �C is experienced in

December. The summer (mid-February–mid-May) is

hot and generally dry, with occasional summer storm.

The hottest month is April with mean minimum of

26.9 �C and maximum of 35.4 �C (Thai Meteorolog-

ical Department 2010).

2.2 Sampling method

The Rotorod Sampler� Model 20 with fixed sampling

head (Multidata LLC, MN 55416, USA) was used for

the survey. The sampler was placed on the unob-

structed balcony of a residential house at approxi-

mately 4 m from the ground, except for the Bangkok

Noi site, where the sampler was placed on the seventh

floor of a hospital building at approximately 20 m

above ground. Two silicone greased rods were

attached to the sampling heads at a time, and the

motor speed was set at 2400 RPM according to the

manufacturer instruction. The sampling device was

turned on for 1 h (approximately from 10:00 a.m. to

11:00 a.m.) twice a week throughout the 12-month

period of the study (May 2012–April 2013). After

exposure, the exposed rods were stored in plastic

containers and analyzed by trained readers. This study
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was done in concurrent, and thus using the same

setting, with the airborne pollen survey previously

reported (Songnuan et al. 2015).

2.3 Fungal spore identification

The exposed rods were stained with Calberla’s

solution, composed of glycerol, ethyl alcohol, water,

and basic fuchsine. Fungal spores were identified and

counted by five trained readers, and each reader was

randomly assigned to analyze rods from all sites.

Spore identification was based on physical character-

istics seen under a light microscope with

400 9 magnification.

Of the two rods exposed at the same time, only one

rod was randomly chosen for spore counting. If the rod

appeared damaged, the analysis was performed on the

other rod. Due to the numerous amounts of fungal

spores on the rods, the spore count was performed only

within the area of two vertical sweeps (one up and one

down) in the middle of cover slip. The fungal spores

were then related to the amount of air sampled by the

collector rod, expressed as fungal spores per cubic

meter of air (spores/m3) according to the Rotorod

Sampler� operating instructions.

2.4 Meteorological data

Meteorological data, including daily minimum and

maximum temperature, wind speed, rainfall, and

relative humidity, of Bangkok were obtained from

Thai Meteorological Department http://www.tmd.go.

th/climate/climate.php. Data were averaged from two

weather stations: Klong Toey (station code 455201)

and Bang Na (station code 455301).

2.5 Statistical analysis

To determine the correlation between fungal spore

concentrations and meteorological variables, Spear-

man’s correlation coefficient was determined using

the SPSS statistical software, version 18.0.

2.6 Clinical data

Data from routine skin prick test results were obtained

between 2010 and 2014 from the Ear, Nose and Throat

(ENT) Allergy Clinic, Siriraj Hospital in Bangkok Noi

district, Bangkok. The wheal diameter of more than

3 mm with flare was considered a positive result.

3 Results

3.1 Airborne fungal spores and seasonal variation

In total, 968 rods were collected and fungal spores

were found in about 93% of all analyzed rods. There

was a wide range in the number of spores found in each

rod, with most rods having moderate spore counts and

a few rods having extremely high counts. Overall, the

average concentration of fungal spores calculated

from all five sites during the study period was

11,211.89 spores/m3, while the median was only

Fig. 1 Map of Bangkok

showing locations of five

sampling sites and two

weather stations. 1,

Bangkok Noi (BN); 2,

Chatuchak (CH); 3, Pathum

Wan (PW); 4, Phra Khanong

(PK); 5, Lat Krabang (LK);

stars, weather stations
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5076.92 spores/m3. The higher concentrations formed

a broad peak from August to November. September

was the month with the highest spore concentration

(average 20,489.94 spores/m3; median

17,092.3 spores/m3) (Fig. 2) and the highest percent-

age of rods with[ 10,000 spores/m3 (87%) (Fig. 3).

The highest calculated spore concentration from one

rod was found in November (221,523.08 spores/m3).

Relatively low spore concentrations were found in

March and April, corresponding to the summer

months in Bangkok. The lowest concentration was

found in June, with the average of 4208 spores/m3 and

median of 2369 spores/m3.

The concentrations of fungal spores were variable

among the collection sites. The year-round prevalence

of fungal spores was highest in Bangkok Noi (average

14,331.70 spores/m3, median 9815.38 spores/m3),

which was about 2–3 times higher than in Phra

Khanong where the lowest concentration was found

(average 7497.75 spores/m3; median 2707.69 spores/

m3) (Fig. 4). Bangkok Noi also had the highest

frequency of rods with spore concentrations between

10,000 and 100,000 spores/m3 (almost 50%). Low

correlation coefficients were exhibited between spore

concentrations among different sites, with the highest

value of 0.30 (p value\ 0.01) between Bangkok Noi

and Phra Khanong, which are not geographically

adjacent districts (data not shown).

3.2 Spore types

In this survey, fungal spores were classified into 21

groups based on their morphological appearance under

the microscope. Aspergillus and Penicillium spores

had indistinguishable appearance and thus were

grouped together. Fungal spores that could not be

identified were grouped as the ‘‘unknown fungus.’’

When only a mycelium fragment was found, it was

noted in the ‘‘mycelium fragment’’ category. Among

all collected fungal spores, Cladosporium spore was

found with the highest concentration, with the average

of 5535.66 spores/m3 and the maximum of more than

200,000 spores/m3 (Table 1). Cladosporium spore

contributed about 49.37% of all fungal spores found

during the study period. Puccinia, Nigrospora,

Aspergillus/Penicillium, and Fusarium spores were

the top five types of most commonly found spores,

each contributing approximately 7.89–9.94% of the

total spore count, with the average concentration

ranging between 884.97 and 1113.99 spores/m3.

Yeast, Curvularia, Alternaria, Helminthosporium,

and Pithomyces spores comprised between 1.04 and

4.51% of the total spore count (116.78–505.24 spores/

m3). Together, all other known spore types, including

Papularia, black yeast, Torula, Tetraploa, Spegazz-

inia, Microsporum, Scapularia, Peltularia, and Bipo-

laris contributed about 2.16%. Mycelium fragment

contributed about 0.14% of the total count, and 2.78%

of fungal spores could not be identified.

Even thoughCladosporium spore was present in the

highest average concentration, it was only observed in

62.17% of all rods. The presence of Cladosporium

spore was also highly variable among the five

sampling sites, ranging between 27.55% in Lad

Krabang and 96.19% in Bangkok Noi (Fig. 6). The

most frequently observed fungal spore was Ni-

grospora, which was present in 88.72% of all rods,

followed by Fusarium (72.35%) and Puccinia

(72.35%). Moreover,Nigrospora spore was frequently

observed ([ 70% of all rods) at all five sampling sites.

From August to October was the period in which

fungal spores were the most abundant, although high

levels of some fungal spore types could be found in

other periods (Fig. 5). Interestingly, Cladosporium

spore was low in abundance in this period; instead, it

was highly abundant in November–April. Nigrospora

was present in most rods year-round. On the other

hand, Aspergillus/Penicillium had a high prevalence in

Fig. 2 Airborne fungal spore concentration (spores/m3) during

the study period (May 2012–April 2013). The box plot displays

the minimum (Q0), lower quartile (Q1), median (Q2), upper

quartile (Q3), and maximum (Q4). Spore concentrations are

averaged from all five sampling sites
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August–October and was present in fewer than 50% of

the rods and in low concentration for the rest of the

year. High prevalence of multiple fungal spores was

frequently found in Bangkok Noi and Chatuchak, of

which the top most species were the combination of

Nigrospora, Fusarium, Puccinia, Cladosporium,

Curvularia, and Aspergillus/Penicillium (Fig. 6).

3.3 Meteorological information

Climatic data during the survey period are shown in

Table 2. The minimum temperature was between 19.7

and 24.6 �C, and the maximum temperature was

between 35.2 and 40.1 �C.Wind velocity was between

15 and 27 km/h. These meteorological parameters

were not significantly correlated with the amount of

airborne fungal spore. However, the amount of rainfall

(7.4–601.1 mm) and relative humidity (67–85%) were

found to be positively and significantly correlated with

the amount of fungal spores with correlation coeffi-

cients of 0.890 and 0.719, respectively

(p value\ 0.01). In September, when the fungal

spores were found to be at the highest concentration,

both the rainfall and relative humidity were also at

their maximum levels (Fig. 7).

Statistical analysis also showed the significant

correlations between rainfall and relative humidity

with some fungal spores including Alternaria, Cla-

dosporium, Fusarium, andHelminthosporium, respec-

tively (p value\ 0.05). Amount of Aspergillus/

Penicillium, Curvularia, Nigrospora, and Puccinia

spores did not significantly correlate with any mete-

orological variables.

3.4 Sensitization of Thai atopic patients to fungal

spores

The ENT Allergy Clinic at Siriraj Hospital, located in

Bangkok Noi district, has performed routine skin prick

test (SPT) for patients with rhinitis symptoms using

crude extracts from several airborne allergens, includ-

ing three different fungal species, i.e., Cladosporium,

Penicillium, andAspergillus. Out of 1863 patients who

had SPT done between 2010 and 2014, 1296 (69.6%)

had a positive reaction (wheal diameter C 3 mm with

flare) to at least one airborne allergen and was

Fig. 3 Percentage of rods

with different ranges of

fungal spore concentrations.

Spore concentrations were

calculated from all five

sampling sites
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diagnosed with allergic rhinitis (AR). Among this, 215

(16.6%) showed sensitization to Cladosporium, 176

(13.6%) to Penicillium, and 168 (13.0%) to Aspergil-

lus (Fig. 8). The numbers of patients sensitized to

different fungal species were positively correlated

with each other, with the correlation coefficient

between 0.90 and 0.94.

4 Discussion

This study reports the most updated information on

airborne fungal spore distribution and seasonal vari-

ation from Bangkok, Thailand, in over three decades.

Until now there have been few airborne fungal spore

reports from hot and humid areas, including from

Southeast Asia. The lack of such information is

concerning because airborne fungal spores can lead

to several respiratory diseases such as allergy and

asthma, of which the incidences are constantly

increasing, especially among children.

The average fungal spore concentration in Bangkok

was found to be high at above 10,000 spores/m3. Even

in the months with low spore counts, the concentra-

tions remained above 2000 spores/m3, most likely

exceeding the threshold of 500 CFU/m3 set by WHO

and ACGIH guidelines (Salonen et al. 2015). In

addition, spore count of[ 1000 spores/m3 is regarded

as significant for clinical correlation of diseases

(Targonski et al. 1995). The most abundant spore

types based on average concentration were Cladospo-

rium, Nigrospora, Fusarium, Puccinia, and

Fig. 4 Average, median,

and percentage of rods with

different ranges of fungal

spore concentrations at each

sampling site

123

518 Aerobiologia (2018) 34:513–524



Aspergillus/Penicillium, respectively. However, based

on the frequency of occurrence, Nigrospora spore was

the most abundant and Curvularia spore should also

be considered as highly prevalent, as it is present in

more than 50% of the analyzed rods. In comparison,

the previous report of outdoor fungi in Bangkok in

1982 also found Aspergillus, Cladosporium, and

Curvularia as major spore types, along with yeast

and white fungi (Bunnag et al. 1982a). Similar major

spore types were also found in neighboring countries

and in other parts of the world, including Singapore

(Lim et al. 1998), Malaysia (Ho et al. 1995), Taiwan

(Wu et al. 2007), Japan (Takanori 1997), Saudi Arabia

(Hasnain et al. 2012), and Portugal (Oliveira et al.

2010). Cladosporium was found to be the most

prominent fungal spore type in the temperate region

(Goncalves et al. 2010).

Significant correlation was found between fungal

spore concentration and two related meteorological

variables: amount of rainfall and relative humidity.

Based on the average and median concentrations,

frequency of occurrence, and date of maximum

concentration, most spore types reached their peaks

in the months with high rainfall and high humidity.

Table 1 Characteristics of each fungal spore type found during the study period

No. Spore type Avg conc. (spores/m3) Max conc.

(spores/m3)

Date of max conc. Percent

of total

Percent of

occurence

Percent of rods

with[ 1000

spores/m3

1. Cladosporium 5535.66 220,000.00 12 November 2012 49.37 62.17 43.14

2. Puccinia 1113.99 18,953.85 26 October 2012 9.94 72.35 40.04

3. Nigrospora 1012.59 25,384.62 17 August 2012 9.03 88.72 28.10

4. Aspergillus/Penicillium 885.31 20,984.62 24 October 2012 7.90 48.89 28.76

5. Fusarium 884.97 40,784.62 4 September 2012 7.89 72.35 27.65

6. Yeast 505.24 20,138.46 4 September 2012 4.51 44.91 11.50

7. Curvularia 240.21 4569.23 3 September 2012 2.14 53.10 5.97

8. Alternaria 186.36 25,046.15 6 September 2012 1.66 36.50 2.65

9. Helminthosporium 161.54 3215.38 20 September 2012 1.44 42.48 3.32

10. Pithomyces 116.78 4400.00 18 September 2012 1.04 24.56 3.54

11. Papularia 71.68 7107.69 10 September 2012 0.64 13.94 1.33

12. Black yeast 70.63 3046.15 15 February 2013 0.63 16.15 1.77

13. Torula 35.31 3215.38 16 October 2012 0.31 11.06 0.22

14. Tetraploa 19.23 846.15 27 November 2012 0.17 9.51 0.00

15. Spegazzinia 15.03 676.92 25 October 2012 0.13 7.30 0.00

16. Microsporum 13.99 507.69 19 October 2012 0.12 5.75 0.00

17. Scapularia 8.39 846.15 1 November 2012 0.07 2.88 0.00

18. Peltularia 4.90 1184.62 7 January 2013 0.04 1.11 0.22

19. Bipolaris 2.80 338.46 17 September 2012 0.02 1.33 0.00

20. Unidentified fungi 311.54 30,123.08 13 September 2012 2.78 19.69 7.74

21. Mycelium fragment 15.38 1184.62 4 December 2012 0.14 4.87 0.22

Fig. 5 Proportion of five most abundant fungal spore types
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This is in agreement with several other studies

(Herrero et al. 2006; Katial et al. 1997). Interestingly,

a previous study from Thailand found that the spores

were high in the winter months and low during the

rainy season, which could be due to the seasonal shift

or the different collection methods (Bunnag et al.

1982a). On the other hand, some studies found a

negative correlation with RH and rainfall or significant

Fig. 6 Percentage of rods

with different types of

fungal spore concentrations

at each sampling site

Table 2 Meteorological data during the study period (top) and correlation coefficient between meteorological parameters and

average spore concentration (bottom)

Min. temp. (�C) Max. temp. (�C) Wind speed (km/h) Rainfall (mm) Relative humidity (%)

May 24.6 39 15 121.9 74

June 24.5 35.7 26 134.8 75

July 23.8 35.6 16 196.4 78

August 23.6 35.3 27 186.6 79

September 23.8 35.8 18 601.1 85

October 23.7 36.4 16 201.2 78

November 23.5 36.5 18 88.9 79

December 20.7 36.5 15 8.1 70

January 19.7 35.2 15 41.2 67

February 23.8 37.1 15 7.4 70

March 22.7 40.1 16 38 73

April 24.3 39.5 20 89.9 71

Coefficient p value

Min. temp (�C) 0.066 0.838

Max. temp (�C) - 0.406 0.190

Wind speed (km/h) 0.003 0.992

Rainfall (mm) 0.890 0.000

RH (%) 0.719 0.008

The same meteorological data were previously reported for a concurrent study: Songnuan, W., Bunnag, C., Soontrapa, K., Pacharn,

P., Wangthan, U., Siriwattanakul, U., & Malainual, N. (2015). Airborne pollen survey in Bangkok, Thailand: A 35-year update. Asian

Pacific Journal of Allergy and Immunology, 33(3). Reprinted with permission from Asian Pacific Journal of Allergy and Immunology
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correlations with other meteorological variables,

including lowest and highest temperature or wind

speed (Hasnain et al. 2012; Oliveira et al. 2010; Reyes

et al. 2016). This discrepancy might be due to the

difference in the overall climate and the genera and

species of the observed fungi. With the global climate

change, higher RH and precipitation are likely, which

can result in greater fungal growth (Jalbert and

Golebiowski 2015). Thus, vigilant control of possible

fungal sources is needed.

It has long been known that airborne fungal spores

can cause a number of respiratory diseases, including

allergy and asthma. For example, Aspergillus and

Penicillium were significantly associated with asthma

in children (Reponen et al. 2012). Allergic sinusitis is

associated with Alternaria, Aspergillus, Bipolaris,

Chrysosporium, and Curvularia (Brook 2011). Five

years of SPT results showed that Thai allergic rhinitis

patients have 7–24% sensitization to three tested

major fungal spores. Incidences of sensitization to

Cladosporium spore were slightly higher than those of

Penicillium and Aspergillus spores, which could

reflect the fact that Cladosporium spore was the most

abundant spore type. Nonetheless, the sensitization

rates of these three spore types were significantly

correlated. A previous study from Thailand showed

comparable fungal spore sensitization rates (Pumhirun

et al. 1997). Similarly, in Singapore it was reported

Fig. 7 Correlation between

average fungal spore

concentration and rainfall

(a) and relative humidity (b)
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that Cladosporium spore elicited positive SPT results

in approximately 16.5% of allergic rhinitis patients,

which was lower than the rate of sensitivity to

Curvularia, Pithomyces, Bipolaris, and Tetraploa

(Chew et al. 2000). Skin sensitivity to Cladosporium

and Aspergillus was found in 5 and 3.4% of asthmatic

atopic patients, respectively, in Thessaloniki, Greece

(Gioulekas et al. 2004). No information about sensi-

tization to other major spore types, including Nigros-

pora and Puccinia, is available, suggesting that much

more research is needed to gain more complete

knowledge of fungal spore sensitization. It was

previously reported that spore concentration of more

than 3000 spores/m3 of Cladosporium and more than

100 spores/m3 of Alternaria can evoke allergic symp-

toms (Twaroch et al. 2015). If this is the case, then

patients with Cladosporium allergy could have symp-

toms year-round, except between June and October,

when the lower concentration was found. Nonetheless,

patients may develop symptoms all year because

clinical data suggest significant overlap between

sensitization to Cladosporium and Aspergillus/Peni-

cillium, which peaked in July–November. Further

study should include children, since it had been

previously demonstrated that fungus sensitization is

more prevalent in children. Alternaria sensitivity was

shown to increase in childhood and decline with age

(Twaroch et al. 2015).

The rate of sensitization to fungal spores compared

to that of other airborne allergens was considerably

low, especially when compared to house dust mite

([ 70% of allergic rhinitis patients or[ 40% of adult

asthmatic patients) (Daengsuwan et al. 2003; Pum-

hirun et al. 1997). The low rate of sensitization to

fungal spores was similarly found in the previous

study in Thailand (Bunnag et al. 1982b). This was

previously noted, and the possible explanation was

because the commercially available extract was from

species different from those locally found or that the

extract may be of poor quality. Thus, the actual

number of patients sensitized to fungal spores may be

much higher. An alternative hypothesis was that the

fungus-induced asthma was due to non-allergic mech-

anism (Reponen et al. 2012; Twaroch et al. 2015).

Nonetheless, for those who are strongly affected by

fungus allergy, the immunotherapy is not very effec-

tive and with side effects (Twaroch et al. 2015).

Patients must rely on avoidance as the best option.

Therefore, local fungal spore monitoring and proper

managements should be recommended, especially in

areas where children and sensitized individuals often

reside, such as schools and hospitals. A number of

Fig. 8 Percentage of

allergic rhinitis patients with

positive skin prick test

(SPT) results to fungus

extracts and correlation

coefficient of SPT results

among the tested fungus

extracts
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allergenic fungi, including Cladosporium and Al-

ternaria, thrive on agricultural fields. In fact, decom-

posing plant debris is a larger reservoir of allergenic

fungi than the soils (Weikl et al. 2015). Therefore,

crop waste management can play a key role in

reducing airborne fungal spores, especially in an

agriculture-based country like Thailand.

5 Conclusion

Updated information on airborne fungal spores in the

areas of Bangkok Metropolitan since the last survey

35 years ago had been reported herein. Themajority of

spore counts were found during the rainy months, and

their amounts were correlated with rainfall and

relative humidity. The most prominent spore types

were Cladosporium, Puccinia, Nigrospora, Aspergil-

lus/Penicillium, and Fusarium. However, the preva-

lence of positive skin test with several fungal extracts

was not as high as expected, probably due to the

limited availability of good-quality extracts to deter-

mine the broad spectrum of fungal sensitization.

Therefore, more types of fungal extracts should be

produced, especially the abundant fungal types, in

order to precisely diagnose the patient’s sensitization.
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