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Abstract

Background: Few studies have investigated the relationship between air quality and asthma in Kuwait. However
there is still a lacking in the observations and methodology to precisely analyze the data.

Objective: We aim to investigate the relationship of pollen count, weather conditions and air pollutants to the
number of visits for asthma in Kuwait.

Methods: The daily number of adult visits for symptomatic asthmatic patients to Al-Rasheed Allergy Centre in
Kuwait has been recorded during the entire year of 2012. Pollen counts are obtained from the same Center. The
method of superposed epoch (Chree analysis) has been used to study the behavior of weather parameters and air
pollutants on the days with high number of patients.

Results: A good correlation (r=0.51) is obtained between airborne pollens and asthmatic patients. We identify
35 days in 2012 with high number of asthma patients. The wind speed increases one day before the increase in
the numbers of asthmatic patients. The relative humidity increases with the number of asthmatic patients while the
visibility decreases. In general we find no link between air pollutants and the number of asthmatic patients. The major
dust storms of 2012 have no effect on the number of asthmatic patients.

Conclusions: The pattern of the pollen counts is persistent; it exhibits a consistent annual cycle. The local
pollens play the major role in significant asthma development. The increase in wind speed helps to spread the
pollens in air and consequently increase the number of patients. The increase in relative humidity may trigger
asthmatic symptoms. In general we find no direct association between the number of asthmatic patients and levels
of air pollutants or dust storms. More convincing epidemiology data are needed, to causally confirm relationship

between air quality and asthma in our environment.
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Introduction

Asthma is one of the most common chronic inflammatory diseases,
characterized by hyper reactivity of the airways and it is triggered by
different stimuli. In genetically susceptible people, environmental
factors play attributable risk for asthma and allergy development
[1,2]. Reports from different geographical areas document air quality
condition, as being an important asthma exacerbation trigger. Kuwait
is a subtropical desert located in the Arabian Peninsula. Dust and
dust storms form a major feature of this region in addition to its arid
climate (extreme heat, low humidity and very little precipitation) [3].
The Arabian Peninsula has one of the most difficult environments in
the world to characterize, monitor and climate model. It is considered
as having the largest confluence of dust and anthropogenic emission
in the world [3]. In Kuwait the prevalence of physician-diagnosed
asthma is estimated to be about 15% in adults and 18% in children
[4]. Numerous studies pointed out common association between
exposure to pollen allergens and asthma symptoms [5,6]. Pollen
allergy is frequently used to assess the relationship between air quality
and asthma [7-10]. Several studies have demonstrated an association
between air pollutants and asthma exacerbation [11,12]. The relation
between asthma emergency calls and weather parameters was observed
during the 10 years period (2002-2011) in Italy [13]. They found that
wind speed and air pollutants significantly diminished during the pick
of calls. Moreover, they got significant parabolic trends over the months
for dew point, temperature, humidity and the wind speed. Dapul-
Hidalgo and Bielory [14] and Delamater et al. [15] found no consensus
regarding impact of weather variable on asthma. A few investigators
have studied the impact of air quality and weather conditions on
asthma symptoms in the Middle East. Qasem et al. [16] obtained an

inverse correlation (r=-0.52) between wind speed and asthma visits
to Kuwait Allergy Centre during 2003. They also found no significant
correlation (r=0.34) with pollen counts. Contrary, Behbehani et al. [17]
obtained a good correlation between pollen counts and the number
of patients diagnosed with allergic rhinitis at Kuwait Allergy Centre
during the time interval of 1996-2000. The prevalence of asthma has
risen in industrialized countries, and most epidemiologic studies focus
on possible causalities between air pollution and respiratory allergic
diseases. Dust particles reach as far as the inside of the nose, mouth
or throat. However smaller or fine, particles can get deeper into the
lungs, increasing the potential of seriously harming people's health.
Thalib and Al-Taiar [18] studied the effect of dust storms on hospital
admissions in Kuwait during the interval: 1996-2000. They concluded
that, dust storms have a significant impact on respiratory and asthma
admissions in Kuwait. The aim of this study is to determine the effect
of air quality on the number of asthmatic patients.

Methods

We recorded the daily adult symptomatic asthmatic patients to
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Al-Rasheed Allergy Centre in Kuwait during the entire year of 2012.
Al-Rasheed Center is the only tertiary center for asthma and allergic
diseases in Kuwait. Patients diagnosed with asthma (GINA) are treated
and followed up in the Respiratory Unit of the Center. Patients with
other chronic diseases have been excluded. 7-9 days collection of the
pollen counts was obtained from the Air biology laboratory in the same
Center. The monitoring station is located on the flat roof of the Center,
at the proper height, suitable for the most important allergenic flora
available in Kuwait (grass and weed). The Burkard 7-days volumetric
spore trap was used for the collection of the air sample. The monitoring
operates on the principle of impaction through suction with 2 mm
clockwise movement on the drum each hour (a slit at a rate of 10 1/
min). Recording tape was collected weekly. Deposit on the tape was
attached to the microscope slide, covered with Glycerin, stained
and then counted under light microscope using standard sampling
procedure. The daily weather parameters, namely: Temperature
(Temp), visibility (Vis), wind speed (V), dew point (Dew), relative
humidity (R.H) and diurnal temperature range (the difference between
the daily maximum and minimum temperature) are acquired from
the National Oceanic and Atmospheric Administration (NOAA).
Daily values of air pollutants included: nitrogen oxides (NOx), ozone
(0,), sulfur dioxide (SO,), carbon monoxide (CO), carbon dioxide
(CO,), methane (CH,) and particular matter (PM, ) which includes all
particles with radii < 5 yum, obtained from Kuwait Environment Public
Authority (EPA) are used in this analysis. We use these parameters to
determine the influence of climatic condition and air pollutants on the
numbers of asthmatic patients. The HYSPLIT (Hybrid Single-Particle
Lagrangian Integrated Trajectory) model from NOAA was used to
calculate the back wind trajectories during the day with the highest
number of patients during the entire year. Finally we use the method
of superposed epochs (Chree analysis) [19] to study the behavior of
weather parameters, and air pollutants on and around the days with a
high number of patients.

Results

A link between air pollen counts and the number of asthmatic
patients

Figure 1 shows the daily variation of the total number of visits to Al-
Rashid Allergy Center (dotted line) and of the number of symptomatic
asthmatic patients (solid line). We got 31286 symptomatic asthmatic
patients out of 40760 visits during the entire year. These symptomatic
patients are 15 and above years of age, both gender. There is a clear sign
of seasonality. The number of patients diagnosed with symptomatic
asthma was highest in March-April, September-October and December.
The minimal number of cases occurred in May-July. The dashed lines
in Figure 2 represent the variation in the 7-9 days averages of the pollen
counts. Two seasonal peaks are evident: the main one in autumn and
a second twin peaks in spring. A linear increase in the number of
patients is shown in September-October during the ascending phase
of the autumn peak. The minimal pollen count occurred in May-July.
The solid line in Figure 2b illustrates the 7-9 days averages of asthmatic
patients in order to compare with the 7-9 days averages of pollen
counts. We see that the number of asthmatic patients was high, and
track the pollen counts very well during February-April and September-
October. The number of patients was lowest in May-July, when the
pollen counts was the lowest. We got a significant correlation (p<0.001,
r =0.51) between the 7-9 days averages of asthmatic patient's and the
pollen counts. The highest number of daily asthmatic patients during
the entire year is represented by star in Figure 2a. This number (244)
occurs on April 18, when the pollen count reaches 392 grains/m’ during
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Figure 1: Daily variation of total number of visits to Al-Rashid Allergy Center
(dotted line) and of the number of asthmatic patients (solid line). See the
seasonal variation.
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Figure 2: Time variation of 7-9 day averages of the pollen count (dashed line).
Note that the main peak occurs in autumn and the a second twin peaks occurs
in spring. (a) Daily variation of the number of asthmatic patients (solid line).
The dashed horizontal lines represnt 189 patients, (b) Time variation of 7-9
day averages of the number of asthmatic patients ((solid line) for comparison
with pollen counts.

the descending phase of the spring peak. The wind speed increases to
6.1 m/s in this day. That was the highest wind speed ever recorded
during the entire month. The mean daily value of PM, reaches 646
pg/m’. The wind directions on April 18 are north-westerly (see Figure
1 in the appendix). This indicates that the increase in north-westerly
wind speed causes a spread in the air pollens that directly increases
the number of patients. The lowest number of asthmatic patients
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(37) occurs on August 9 when the pollen count was low (24 grains/
m?). Figure 3 compares the variation of the Volume Size Distributions
(VSDs) as a function of the particle geometric mean radius [38] during
March 13, with a high number of patients (234), and in August 9 with
a minimum number of patients (37). The wind speed increased up to
9.2 m/s on March 13, VSD is calculated from Aerosol Optical Depth
(AOD) collected by the Aerosol Robotic Network (AERONET) site
in Kuwait. Note that we used 13 March, instead of 18 April with the
highest number of patients, because there was no AOD observations
on 18 April at Kuwait's AERONET site. AOD is a measure of aerosol
“column burden” relevant to the needs the air quality community [20].
Note that the pollen counts we use are measured at ground level while
VSD represents the concentration of aerosol in the entire column of the
atmosphere. We see that the concentration of VSD peaks at geometric
mean radius R~2.2 um. This radius includes coarse aerosol particles
(dust, pollen and sea salt). However we cannot distinguish between
these types of particles. The peak of particle concentration on 13 March
is 10 times that on 9 August. Figure 3b focus on the anthropogenic fine
particulate matters (PM, , which includes all particles with radii < 1.25
um) released from the burning of fossil fuel and petrochemical industry.
These fine particles are real killer as they are invisible and can penetrate
into the deepest parts of the lungs causing serious health problems.
We see that the VSD of PM,, is much higher on 13 March than on
9 August. This concludes that the 13" of March was characterized by
high concentration of both PM, , and the coarse particles and as well as
higher wind speed.

Response to weather parameters

In this section we test the influence of weather parameters on
the number of asthmatic patients. We use the Chree analysis [19] to
study the behaviors of the weather parameters on the days with a high
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Figure 3: Variation of the volume size distributions during 13 March and 9
August, 2012.
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Figure 4: Superposed weather parameters centered on the 35 days with the
number of asthmatic patients = 189. Error bars represent the standard error
in each average.

number of asthmatics patients. To construct the superposed epoch we
first define the day with a high number of asthmatics patients as the day
with number of asthmatics patients that exceeds the average number
of asthmatics patients during the entire year plus the associated
standard deviation (146 + 43). We obtain 35 days with the number of
asthmatic patients > 189. This number is considered as a lower limit
of the number of asthmatic patients and is represented by the dashed
horizontal lines in Figure 2a. We see that the numbers of patients
above the dashed lines are mainly in March-April, September-October
and December when the pollen count was high. This indicates that
the main reason for the increase in the number of asthmatic patients
is the increase in the number of pollens. Next we consider these 35
days as key-event days. We first perform the Chree analysis on the
visibility. The daily values of the visibility for the key-event days (35
days) and background days (331 days) are arranged in a table, with
one row for each key-event, and eleven columns containing values of
visibility for the 5 days before the key-event day, the key-event day,
and the subsequent 5 days, in that order. A comparison between the
average values of Vis on the key-event column and background ten
columns can be pictured as a superposed epoch. The values of these
eleven averages are plotted in Figure 4a (open circles connected with
dashed lines). Error estimates (1 £ o) of the average for each column of
the 11 epoch columns are calculated from the scatter of the individual
deviation. We see a significant decrease in the average values of the
visibility on the days with higher patient numbers (the zero-epoch day
when the number of asthmatic patients > 189). Similar calculations
have been carried out for the rest of the weather parameters. Figure 4b
shows a significant increase in the average values of wind speed one
day before the zero-day. The wind speed increases to 3.9 £ 0.1 m/s, one
day before the numbers of asthmatic patients increase. A significant
increase in dew point and R.H is clear in Figure 4b and 4c at the zero-
day. Figure 4c shows no significant variation in the temperature, on
the days with high number of asthmatic patients. The highest DTR
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Figure 5: Superposed air pollutants centered on the 25 days with number of
asthmatic patient = 189.

(14°C) occurs 5 days before the increase in the number of asthmatic
patients.

Effect of air pollutants on the number of asthmatic patients

In this section we applied again the Chree’s method to the daily
averaged values of air pollutants in order to check if there are any
significant variations in air pollutants on the days that have a high
number of asthmatic patients. In Figure 5, we plot the averages of the
eleven epoch columns for NOx, 0,,80,, CO, CO,, CH, and PM, . We
see that both CO and CO, get lower averages one day before the increase
in the number of asthmatic patients (on the zero-day), while average
value of O, increased two days before the increase in the number of
patients. There is no significant change in the daily average values of the
other air pollutants on the zero-day.

Effect of dust in patients with asthma

Here we examine the number of asthmatic patients during
major dust storms observed by the Moderate Resolution Imaging
Spectroradiometer (MODIS) sensors aboard NASA’s Aqua and Terra
satellites in 2012. MODIS observed four dust storms on March 17, May
15, May 24, and Junel, 2012. The daily mean values of PM,, for these
days are 1350, 779, 1799 and 758 ug/m®respectively. Contrary to Thalib
and Al-Taiar [18], we find no increase in the number of asthmatic
patients during these days. This concludes that dust particles do not
have potential effect on asthma.

Discussion

In order to test the influence of air quality conditions on the

number of asthmatic patients in Kuwait; we investigate the link between
air pollens, weather parameters, air pollutants, dust storms, and the
number of asthmatic patient visits in Al-Rasheed Allergy Centre. We
found that the number of asthmatic patients was high and track the
pollen counts very well during February-April and September-October
and was the lowest in May-July when the pollen count was the lowest.
We obtain a significant correlation (r=0.51) between pollen counts and
number of visits for asthma. This concurs the results obtained earlier
[5,8,9,21]. The shape of our pollen graph is consistent with the results
obtained earlier in Kuwait [17,22]. However, spring pollination started
a bit earlier in 2012. This earlier start may be due to global changes in
climate [12] or to increased concentration in air pollutants [23,24]. We
conclude that the pattern of the pollen counts in Kuwait is persistent;
it exhibits a consistent annual cycle. Among airborne allergens, local
pollens are the leading cause of sensitization (77.3%) [25]. The most
abundant pollens are weed pollens from the families of Chenpodiaceae
and Amaranthaceae. They are predominantly spontaneous perennial
plants growing on salt-enriched soil. Sensitization to Chenopods in
Kuwaiti susceptible people ranges from 64.3% to 76.7% [26] followed
by Bermuda grass; 38.2% [26] to 55% [25]. Short time exposure to a
high level of pollen has significant impact to the development of asthma
symptoms [5]. On the other hand long exposure to even relatively
low levels of weed and grass pollen is associated with increased
sensitization and asthma symptoms [6]. The role of relatively low levels
of weed and grass pollen in sensitized patients could be important for
our region as it is characterized by harsh desert climate, scanty flora,
and long pollination seasons. However, it is not clear how the whole
pollen grains, with a diameter > 10 pm, can cause asthma. The lower
airway inflammation is not caused by the whole pollen grains, but by
pollen starch granules, which are contained in large numbers within
the pollen grain [27]. They deposit preferentially in lower airways,
because their diameter does exceed 5 um. Starch granules are expelled
from pollen grains due to rain or morning dew [27]. They contain
major pollen allergens which cause immunological reactivity in allergic
patients [8]. Plants are a source of many clinically important allergens
and are sensitive to climate change, as well as to the increased level
of chemical pollutants. Climate changes and weather parameters may
affect both pollen production and pollen allergenicity [28], while local
weather may influence atmospheric chemical reactions and affect
atmospheric transport process. The highest number of asthmatic
patients during the entire year occurs on Aprill8, 2012 when the
average number of pollen count was high (392 grains/m?®) and wind
speed reached the highest speed ever recorded during the entire
month. High wind speed increases the spread of airborne pollen and
produces a higher distribution of pollen concentration that helps in
increasing asthma. Sabbah et al. [3] showed that the wind direction
over Kuwait is predominantly northerly and north-westerly flowing
from Iraqi deserts, which brings extremely dry air and dust, especially
in the spring. Wind speed is closely related to the increased release and
dispersion of airborne allergens in the atmosphere. The higher wind
speed and the greater leaf shedding may result in a steadier rate of spore
dispersal [29]. Figure 3b shows that the concentrations of both coarse
and PM, _ particles on March 13 are higher than those on August 9.
The wind speed was also high on March13. This concludes that the
higher number of patients on March 13 may be due to the increase
in the concentration of anthropogenic PM,  and coarse aerosol. These
coarse particles may be pollen, dust, or both. We are not sure whether
the pollen or PM, , was more effective in triggering asthma symptoms
on that day.

Using the Chree analysis for the 35 days with the number of
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asthmatic patients exceeds 188; we observe an increase in wind speed
one day before the increase in the number of the asthmatic patients. The
National Institute of Health guidelines list [30] mentioned “change in
weather” as a possible trigger factor for asthma. A significant increase
in RH is observed with the increase of the number of asthmatic
patients. Our asthmatic patients consider the humid weather as a
powerful trigger for asthma. This agrees with the results obtained by
[31]. They found significant impact of interday and intraday change
in humidity two days before the examined admission date. Contrary,
[32] observed that altitude and annual variation in temperature and
R.H are negatively associated with asthma symptoms in children. We
also observed a decrease in the visibility with the increasing number
of patients. Contrary to the above results, [16] found insignificant
correlation (r=-0.10) between the number of patient visits to Al-
Rasheed Allergy Centre and R.H. Moreover they obtained negative
correlation (r=-0.52) between the number of asthmatic patients and
wind speed. This contradiction is because we focus on the 35 days with
high number of patients, but they correlated the whole set of data. We
see from Figure 4a that there is a decrease in the DTR during the days
with a high number of adult patients. The highest DTR occurs 5 days
before the zero-epoch day. Contrary to our results [33], found that the
increase in DTR is associated with an increase in the occurrence of
respiratory symptoms for children. Moreover, we find no significant
variation in the average values of temperature, on the days with a high
number of asthmatic patients. Contrary, Epton et al. [34] found a small
association between temperature and peak expiratory flow rate for
asthmatic patients in New Zeeland. In addition Delamater et al. [15]
documented a significant additional asthma exacerbation when the
temperature increases one day before admission, while that association
was less associated with the intraday temperature increase. Contrary,
Abe et al. [35] got a close association between increased asthma
exacerbations, and decreased in the temperature in adult asthmatics.
Khwarahm et al. [36] suggested that high temperature and sunshine
duration may have a strong positive correlation with the grass pollen
counts. These factors may also increase pollen allergenicity [37]. Kuwait
has the highest surface temperature in the Arabian peninsula, that may
explains the high prevalence of sensitization to the local pollen [26]
and development of respiratory allergic diseases in Kuwait. Figure 2 in
the appendix displays the time series of the meteorological parameters
that have significant variation on or around the days with high number
of patients.

The role of air pollutants in determining asthma morbidity has not
been well established [23]. Although the daily average values of the air
pollutants of the 11 epoch days shown in Figure 5 are quite high, we do
not see significant increase in the average value of air pollutants on the
zero-epoch day. This may be due to adaptation of human in response
to climatic stimuli [39]. Additionally Abe et al. [35] concluded that
air pollution does not seem to play a major role in significant asthma
exacerbation. Moreover Lewis et al. [40] could not detect any association
between ambient air pollution, and asthma-related emergency visits in
UK. On the other hand [41], concluded that the current level of urban
air pollution may have a lasting effect on lung development in children
from ages 10-18 years in the US. Figure 5b shows an increase in the level
of O, two days before the increase in the number of patients (zero-day).
This confirms with the multi-pollutant model performed by KO et al.
[42] in Hong-Kong. They demonstrated that the increase in the level
of O, is significantly associated with increasing admissions for asthma.

Dust collected in Kuwait in the 1990s was found to cause DNA, and
cellular membrane damage [43]. Smaller-size sandstorm dust particles
with high adhesive properties have a greater potential of aggravating

asthma [44]. Bener et al. [45] identified dust storm exposure as one of
the significant predictors of asthma in schoolchildren. Thalib and Al-
Taiar [18] investigated the effect of dust storms on hospital admissions
due to asthma and all respiratory diseases in Kuwait during the interval
1996-2000 was investigated [21]. They defined a dust storm day as a
day with mean daily value of PM, that exceed 200 ug/m’. This is a
small lower cut off for a dust storm. Consequently, they came up with
a huge number of dust storms (569) during their 5-year of study. They
concluded that dust storms have a significant impact on respiratory,
and asthma admissions in Kuwait. On contrary, we find no significant
increase in the mean daily value of PM,; on the days with a high
number of asthmatic patients (Figure 5c). The daily average values of
PM,, during 10 out of the 11 epoch days shown in Figure 5c¢ equal or
exceed the lower cut off defined by [18]. Moreover, contrary to above
mentioned study [21], we find no increase in the number of asthmatic
patients during the four major dust storms observed by MODIS in
2012. The daily mean average values of PM, during these storms for
these days are much higher than the lower cut off defined by Thalib
and Al-Taiar [18]. They found that these storms in Kuwait consist
mainly of coarse particles [40]. We conclude that the dust particles do
not have potential effect on asthma. Our results finding confirms the
results obtained earlier in Australia [46] where no hospital admission
due to respiratory problems was recorded during the enormous dust
storm of September 2009. They concluded that the heavy dust storm
had short-lived impact on hospital admission. Unfortunately we could
not perform Chree analysis method to the pollen counts in order to
check if there is any time lag between pollen counts and high number
of asthmatics patients, since we did not have daily pollen data. In the
next study we will extend our investigations to study in more details
the effect of fine particulate matters (PM, ) on asthma exacerbations.
Recently Kuwait was ranked as number 167 out of 178 countries for air
quality because of the high concentration of PM, , [47].
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Appendix

We calculate the back wind trajectories over Kuwait City using the HYSPLIT (Hybrid Single-Particle Lagrangian
Integrated Trajectory) model from NOAA. Figure 1 illustrates the 24-hour back trajectory over Kuwait City
(marked by the star) on April 18, 2012. The wind directions are shown for heights of 100, 300 and 500 meters. We

see that the wind directions are north-westerly.

Figure 1: HYSPLIT model 24-Hour back-trajectories ending at Kuwait represented by star on the 18th of April,
2012

NOAA HYSPLIT MODEL
Backward trajectories ending at 2300 UTC 18 Apr 12
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Figure 2: Time series of the daily mean values of: (a) wind speed, (b) relative humidity, (c) visibility, (d) diurnal

temperature range.
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