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Asthma is the most common chronic illness of 
people living in Kuwait.1 An increase in the 
prevalence of asthma occurred in the Asian 

Pacific areas and Kuwait 14.9%.2,3 There is evidence 
that the rate of emergency department visits for asthmm
ma has been increasing in Kuwait.2m5 Epidemics of 
acute asthma have been described at the time of dramm
matic meteorological events such as thunderstorms.6m9 
The role of climatic factors (e.g. barometric pressure, 
temperature and humidity) in triggering and/or exacmm
erbating respiratory allergic symptoms in predisposed 
subjects is still poorly understood,10 and asthma atmm
tacks have been linked with both low and high atmomm
spheric pressure.11 Studies are required to clarify the 
role of the weather in morbidity and mortality for 
respiratory allergy.6 The disease is exacerbated by climm
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matic changes and variations in the level of airborne 
allergens that may be responsible for fluctuations in 
asthma symptoms.1,2,10,11

In the Arabian Gulf, Salsola pollen of the 
Chenopodiaceae and Amaranthaceae (weeds) families 
were reported as major aeroallegens related to plantamm
tion in Kuwait.5,12,13 Prosopis juliflora pollen has been remm
ported as a triggering agent of allergic asthma in Saudi 
Arabia and the United Arab Emirates.14,15

Some studies have linked increased pollen levels to 
asthma admissions and others have associated pollen 
exposure with increased bronchial responsiveness.16m20 
A variety of fungal spores including ascospores, basidmm
iospores, and airborne spores of species of Cladosporium 
and Alternaria have been implicated as trigger factors in 
asthmatic subjects.21,22 Alternaria were found to be the 
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strongest independent associate of the asthma group in 
Kuwait and Saudi Arabia.23m25 Cladosporium spores were 
also found to be the prevalent major component in the 
outdoor environment in Qatar.26

With increased plantation and greenery in Kuwait 
and the adjoining countries, the prevalence of fungal 
spores and pollen is likely to increase. The aim of this 
study was to explore what weather factors contribute to 
the increase in the pollen and spore level in the air and 
if the increased aerial counts of pollen and fungal spores 
are associated with more frequent episodes of asthma in 
the Kuwaiti population.

METHODS
From January 2003 to December 2003, daily counts of 
the number of people who visited AlmRashid Allergy 
Center for asthma treatment were collected from medimm
cal records. Asthmamrelated clinic visits to AlmSabah 
Hospital emergency room for the same period were 
also obtained from the hospital emergency room admismm
sion records. The consultant patient diagnosis and drug 
prescription were used for screening the patient files for 
asthma cases. Patients with suspected viral infection 
were excluded from the study. Allergy rhinitis or allergic 
sinusitis cases were also excluded.

Metrological data, including temperature, relative 
humidity, rainfall, wind speed and wind direction data 
were measured hourly at the monitoring site situated at 
Kuwait International Airport. The data was supplied by 
the Kuwait Aviation/Meteorology Department, which 
is located at Kuwait International Airport in Farwaniya, 
16 kilometers south of Kuwait City.

The daily pollen count from a single monitoring stamm
tion in Kuwait City was obtained from the air biology 
laboratory (AlmRashid Allergy Center). The monitoring 
station is located in the Mansuoryah area at a height of 
12 meters above sea level. A Burkard volumetric spore 
trap (Burkard Manufacturing Co. Lt., Hertfordshire, 
England) was used to collect the air sample. The trap 
has a suction pump, which sucks air at 10 liters/min to 
draw the air sample into the trap. The air sampling was 
done hourly and the recording tape was collected weekly. 
Samples were collected on an adhesive tape mounted on 
a rotating drum moving at 2mm/h. Spore and pollen 
concentration were estimated by counting the deposit 
on the tape that was removed each 7 days, attached to 
a glass slide and stained with trypan blue. A research 
grade compound light microscope, with a stage vernier 
scale, was used for total pollen and fungi counts as well 
as individual pollen fungi counts for every day of the 
year by manual counting.

In the statistical analysis, the predictor or explanatomm

ry variables were the climatic variables and aeroallergen 
(fungal and pollen) levels. The climatic variables used in 
the regression analyses were mean daily temperature, 
mean daily relative humidity, and mean daily rainfall. 
The variables were tested for normality to decide which 
statistical method was the most appropriate for analysis 
(i.e. parametric or non parametric methods). A normalmm
ity test indicated the assumption of normality was cormm
rect (r=0.62, P<.03) and hence a nonparametric method 
was appropriate for analysis. Spearman’s rank order cormm
relation was used to calculate the strength of the cormm
relation between continuous variables. The relationships 
between the variables were assessed by sorting the data 
on the basis of monthly measurement and reporting of 
cases showing positive monthly correlations between the 
variables for the year 2003. The statistical software was 
SPSS version 13 (Statistical Package for Social Studies, 
Chicago, Illinois USA).

RESULTS
Our results show that climatic conditions have an inmm
fluence on the abundance of the aerial fungal spores in 
the air in Kuwait (Tables 1, 2). All the relative humidity 
variables were positively related to fungal spore prevamm
lence in air. A weak negative relationship was observed 
between fungal abundance and temperature but not stamm
tistically verified (Figures 1, 2). The seasonal distribumm
tion of asthmatic attacks reflected by patient admissions 
showed maximum rates during the autumn and winter 
and minimum values in the summer and spring, giving a 
very close inverse correlation to temperature and a direct 
correlation to relative humidity (Tables 2, 3). There was 
a significant seasonal variation with an increase in the 

Table 1. Correlation between meteorological and biological 
variables with patient visits in 2003.

Variables

Patient visitsa

Al-Rashid 
Allergy Center

Emergency 
room, Al-

Sabah Hospital

Average temperature 0.245  -0.014

Maximum temperature 0.175 -0.081

Wind speed -0.519 -0.373

Maximum humidity -0.103 0.257

Minimum humidity -0.259 0.046

Precipitation -0.232 0.051

Mean pollen count 0.336 0.287

Mean fungal spore count 0.517 0.615*
aCorrelation coefficient at the .05 level (2-tailed); *indicates significance.
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number of patients with asthma referred to the allergy 
center for pollen in September and October (late summm
mer, early autumn). The main peak in the number of 
patients occurred in October and November (early aumm
tumn) and December to February (winter). There was 
a smaller peak in April in correlation with the pollen 
count (Table 3).

In December the temperature was low (19.7ºC) and 
wind velocity moderate (11/mps) with the highest relamm
tive humidity, and this corresponded to the maximum 
of emergency department visits and a high spore count 
in the air (Table 2). The atmospheric occurrence of high 
pollen and fungal spores characteristically shows a seamm
sonal biannual pattern in Kuwait in early autumn/late 
summer and winter (Table 3). High relative humidity 
with moderate temperatures had a positive relationmm
ship with fungal abundance. When combined with high 
precipitation, those conditions gave the highest fungal 
spore counts. A decrease in maximum temperatures 
(25.5ºC) and an increase in maximum relative humidity 
(100%) with extreme high precipitation reading (66.30 
mm) in December 2003 gave the highest fungal spore 
count of 1960.25 per m3. This increase in fungal spore 
count directly influenced the total number of asthma 
cases (n=760) and emergency visits (n=2123) in the 
month of December (Figures 1, 2).

Total pollen counts, which ranged from 3.21 to 
36.22 per m3, were higher in summer than in winter 
and somewhat lower on the days of high precipitation. 
There was no significant correlation between temperamm
ture and pollen count (Figures 3, 4). Results in Table 
2 show that the monthly maximum wind direction 
(north wind) was often associated with markedly highmm
er counts of pollen and the fungal spores with the north 
and northeast wind direction, but this did not exhibit 
any regular correlation either with the counts of fungi 
spores or with the pollen count.

The emergency visit cases were significantly positivemm
ly correlated with average fungal spore counts (r=0.62, 
P<.03) by Spearman’s rank order correlation coefficient. 
There were no significant Spearman’s correlations bemm
tween pollen counts and asthma admission (r=0.07) 
(Table 1). We found no evidence of an interaction bemm
tween rainfall (precipitation) and total pollen counts, 
but high precipitation, total fungal spore counts and 
asthma patient admissions seemed related.

DISCUSSION
Respiratory allergies are a common medical problem in 
Kuwait. Despite the fact that Kuwait is a desert counmm
try, the development of allergic diseases in general and 
asthma and rhinitis in particular has been recognized Ta
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Table 3. Patient admissions during four periods of the year compared with spore and pollen counts, temperature and relative humidity.

Months Season
Mean fungal 
spore count

(/m3 )

Mean pollen 
count
(/m3 )

Temperature 
(mean)

(ºC )

Humidity 
(mean)

(% )

Patient visits 

Al-Rashid 
Allergy Center

Emergency room, 
Al-Sabah 
Hospital

Jun, July, Aug, 
Sep Summer 54.217 16.39 40.12 55 370.5 1327

oct, Nov Autumn 67.67 19.68 29.95 100 366 2166

Dec, Jan, Feb Winter 97.62 5.12 19 99.3 400 1339

Mar, Apr, May Spring 43.6 23.9 30.566 82 312.6 1195.6
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Figure 2. Climatic factors and fungal spore counts, and emergency department visits to Al-Sabah hospital over 12 months. (N=north, S=south, Se=southeast, 
SSe=south southeast, NNW=north northwest, NW=northwest, NNe=north northeast).
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Figure 1. Climatic factors and fungal spore counts and asthma patient visits to Al-rashid Allergy Center for treatment over 12 months. (N=north, S=south, 
Se=southeast, SSe=south southeast, NNW=north northwest, NW=northwest, NNe=north northeast).
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Figure 3. Climatic factors, pollen counts and asthma patient visits to Al-rashid Allergy Center for treatment over 12 months. (N=north, S=south, Se=southeast, 
SSe=south southeast, NNW=north northwest, NW=northwest, NNe=north northeast).
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Figure 4. Influence of climatic factors and pollen counts on erP-Sh. (N=north, S=south, Se=southeast, SSe=south southeast, NNW=north northwest, 
NW=northwest, NNe=north northeast)., erP-Sh=emergency room patients visiting Al-Sabah hospital.

since the 1950s, with the first report by Wilkinson, a 
British physician practicing in Kuwait.27 A central almm
lergy unit was established in AlmSabah Hospital in 1964. 
In 1984, AlmRashid Allergy Center was established, and 
this center has been and still is the only specialized cenmm
ter in allergic diseases in Kuwait, where most of the pamm
tients with allergic problems are referred.

Fungal spores are an evermpresent component of the 
atmosphere with concentrations known to fluctuate acmm
cording to meteorological conditions. Fungal spores are 
found in greatest abundance in the atmosphere, characmm
terized by high humidity, generally during the modermm
ate winter season.28m30 Cladosporium is a common fungus 
that is a known and documented aeroallergen usumm
ally associated with plants, wood products and leather 
goods. Spores are easily made airborne and as such 
are a common cause of respiratory problems.31 In one 
study that provided useful information on the prevamm
lence of allergic fungi in the outdoor and indoor envimm
ronments of Kuwait, important fungal species such as 

Aspergillus (A. fumigatus, A. flavus), Alternaria, Bipolaris, 
Cladosporium, Fusarium, Pencillium and other aspergilli 
were investigated and identified in outdoor and indoor 
environments of Kuwait in year 1999, over a 12mmonth 
study period.32 During our 12mmonth study, December 
showed the greatest differences in meteorological data 
such as temperature, humidity, wind speed, wind direcmm
tion and precipitation. The monthly total fungal spore 
and pollen count was high (196.03 per m3) and low 
(3.21 per m3), respectively.25 With the above meteoromm
logical and biological variations, a rapid increase in total 
asthma patient admissions and emergency visits was obmm
served in the month of December of 2003. The above 
findings suggest that low temperatures and high relamm
tive humidity plays a major role in increasing the fungal 
spore counts in the air, which may lead to an increase in 
asthma allergy cases and emergency visits.

The season for asthma and rhinitis and the main 
causative aeroallergen vary in different regions of the 
world. Allergic asthma and rhinitis due to ragweed 
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is predominant in the eastern and midwest regions 
of North America.33 Chenopods are widespread 
weeds and consist of two closely related families, the 
Chenopodiaceae and Amaranthaceae. Chenopods are 
used as hedges or garden plants, and in some parts of 
the world like the south of Spain and Saudi Arabia, 
chenopods have emerged as an important cause of asthmm
ma and rhinitis.34,35

In Kuwait, Chenopodiaceae species, especially 
Chenopodium album and murale have been deliberately 
seeded in waste grounds since the early 1960s for the 
purpose of binding the sand.27

There was no statistical significant correlation bemm
tween temperature and relative humidity on pollen 
counts, but windy weather increases the pollen counts 
as pollens will be spread throughout the air, increasing 
exposure. Wind from the north was the most significant 
feature for the enhancement of pollen in 2003 and the 
month of September in particular. The significant effect 
of these climatic factors on pollen spore count showed 
only a weak influence on the total number of asthma 
cases and emergency visits. In conditions of high relative 
humidity the pollen will mix with water vapor resultmm
ing in hydroscopic nuclei that are suspended, close to 
the ground. Cold winds may increase the concentration 
of pollen and hence increase number of patients admitmm
ted to the hospital. High temperatures cause a vertical 
convection current whereas low temperatures with high 
humidity causes stagnation and a descending air current 
which brings the pollen and spore to the ground.36

Researchers noticed that the high number of asthma 
cases after rainfall and thunderstorms could be a conmm
sequence of the osmotic shock caused by rainfall and 
lightning, which disrupts the reservoir of pollen released 
over the previous few days, releasing starch granules that 
are broadcast by thunderstorms associated with wind 
gusts.37

This study is one of the most comprehensive investigamm
tions of monthly asthma admissions and levels of aeroalmm
lergens (fungal and pollen) in relation to meteorological 
factors yet reported in Kuwait. We found a significant 
association between asthma admissions and aeroallermm
gens (fungal and pollen) at certain times of the year. The 
main peak occurred during September and October and 
a smaller peak occurred during March and April, which 
was similar to the results reported by Behbehani et al 

on seasonal variation in allergic rhinitis and its correlamm
tion with allergens in Kuwait13 This seasonal increase in 
asthma admissions was mainly due to increased pollen 
counts, but in the month of December asthma cases vismm
iting emergency department showed a maximum nummm
ber due to the high fungal count and high precipitation. 
Rain influences air spores by removing them from the 
air.38 These climatic conditions caused the spore count 
to reach maximum values in December 2003. Small 
peaks seen in other months did not correlate with the 
fungal or pollen counts and the increase in asthma cases 
may have been due to the direct effect of pollution or 
weather factors.

In conclusion, we correlated data on weather, aeromm
allergens and asthma admissions. The decrease in the 
temperature and increase in the relative humidity with 
extreme high precipitation readings in the December in 
the year 2003 was considered the major factor for the 
highest fungal spore counts, which resulted in a recipromm
cal increase in the monthly asthma patient admissions 
and emergency cases in this particular month. Moderate 
temperatures and the increase in humidity with no premm
cipitation in October 2003 were considered the major 
factors for the high pollen counts which lead to an inmm
crease in the monthly total asthma patient admissions 
and emergency cases in that month. Other confoundmm
ing anthropogenic factors such as air pollution and dismm
ruption effects may contribute to an increase in asthma 
cases, but temperature and precipitation seemed to be 
the most important metrological factors for spores and 
wind direction for pollen, which may be responsible for 
an increase in asthma cases. Although asthmamrelated 
hospital visits and emergency department visits may also 
be associated with other confounding factors, the results 
of this study may be used for generating hypotheses and 
designs for more comprehensive, individualmbased epimm
demiological studies.
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