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Abstract Alternaria is one of the important aller-

genic fungal spores having special role in childhood

asthma. Aerodynamic particle of \10 lm diameter

(PM10) and ozone exacerbate respiratory conditions

including asthma. There is no documentation determin-

ing the role of airborne concentration of Alternaria

conidia, pollutants like PM10 and ozone and weather on

school-age (5–18 years) children causing life-threaten-

ing episodes requiring emergency hospitalization for

asthma in the megacity of Kolkata, Eastern India. We

examined the relationship of daily hospitalization for

asthma in school-age children and daily concentration

of outdoor Alternaria conidia, ozone, PM10 and weather

parameters in the atmosphere of Kolkata during 2010

using nonparametric generalized additive model

(GAM). After a baseline survey (2008–2009), asthma

hospitalization data for school-age children (based on

case history and symptom-medication) were collected

from two important city hospitals near study area in

2010. Daily Alternaria concentration was recorded

using Burkard volumetric sampler. Its allergenic

potential was confirmed by skin reactivity. Ozone and

PM10 concentration data were collected from West

Bengal Pollution Control Board. The daily time series

analyses of data were performed using GAM. There are

two peak seasons of asthma hospitalization, one inPampa Chakraborty and Arindom Chakraborty have
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spring-early summer (end of March to mid April) and

other in autumn (mid September–October). In GAM

analyses, Alternaria conidia, ozone and PM10 were

found to be significant both in spline and LOcal

regrESSion smoothing method. Airborne Alternaria

conidia, ozone and PM10 in the city of Kolkata are found

to have effect on school-age children with asthma and

appear responsible for severe attacks leading to

hospitalization.

Keywords Airborne Alternaria conidia �
Asthma hospitalization � Kolkata � Generalized

additive model (GAM) � Ozone � PM10 � School-

age children

1 Introduction

Airborne allergen exposure, climatic changes and

airborne pollutants influence the symptoms of asthma

patients (Reid and Gamble 2009; D’Amato et al.

2005). Allergic sensitization is an important risk factor

for asthma. On the other hand, several studies have

been documented the role of pollutants and weather in

asthma exacerbation and subsequent hospitalization

(Lewis et al. 2000; Wilson et al. 2007). Among

environmental allergens, fungal spores are important

in both indoor and outdoor. More than 80 fungal

genera are reported to induce type 1 allergy in

susceptible individuals (Simon-Nobbe et al. 2008).

Among the most important allergenic fungal genera,

Alternaria is important (Knutsen et al. 2012) with a

special role in childhood asthma (Downs et al. 2001;

Halonen et al. 1997; Perzanowski et al. 1998). In

addition to fungal allergen exposure, the level of

atmospheric pollutants like ozone and respirable

particulate matter with less than 10-lm diameter

(PM10) have also found to be associated with daily

asthma severity (Delfino et al. 1996; Adhikari et al.

2006) even in childhood (Lierl and Hornung 2003).

The prevalence of asthma in children is continued to

increase in developing countries undergoing rapid

industrialization (Eder et al. 2009) with distinct

seasonal variation. One of the possible reasons is the

increase in industrialized lifestyle, which has resulted

in declining air quality. Reports show that in several

cases, the peak of asthma epidemic occurs first in

school-age children followed by pre-school children

and then adults (Johnston et al. 2006). However, for

children below 18 years of age, the asthma hospital-

ization rates show a seasonal pattern with autumn

being the common season, followed by spring and

summer, which has the lowest admission rate (Kao

et al. 2001; Yeh et al. 2008). Aeroallergens, specially

mold spores, air pollutants and their interaction with

climate are important factors in the genesis of asthma

exacerbations (Dales et al. 2004). It has also been

reported that mold spore allergens may be more

prevalent at higher levels in schools than in homes

(Taskinen et al. 1999).

According to a multi-centric Indian study on

epidemiology of asthma, respiratory symptoms and

chronic bronchitis (INSEARCH), the Indian popu-

lation aged C15 years (845 millions) reported

2.04 % people having asthma, which corresponds

nearly 17.25 million (Jindal et al. 2012). The total

burden for the entire population will actually be

higher considering its higher prevalence among

children (Pal et al. 2009). The prevalence of

asthma in Mumbai megacity in western India was

found to be more (3.5 % by physicians’ diagnosis)

in comparison (Chowgule et al. 1998). Kolkata

(previously Calcutta) is the largest and fastest

growing metropolis in Eastern India (22�340N,

88�240E), in lower Gangetic plain, undergoing a

process of rapid urbanization. The urban agglom-

eration had a population 14,112,536 in 2011

(Census of India 2011). The occurrence of a

number of airborne allergenic pollen and spores

are reported to be statistically associated with

hospitalization for asthma in city population (Ghosh

et al. 2010). Till date, there is no detail statistical

analysis relating environmental allergen or pollu-

tants to childhood asthma hospitalization over the

time in this megacity.

Since all data of environmental exposure and health

effects were recorded over different time point, it is

essentially a time series data with wave-like seasonal

fluctuations. To get a valid inference from such huge

discrete data, statistical regression analyses using

generalized additive models (GAMs) were found to be

most widely applied. GAM allows for nonparametric

adjustments for nonlinear confounding effects of

seasonality, trends and weather variables (Hastie and

Tibshirani 1986; Schwartz 2000; Dominici et al.

2002). GAMs are useful where the relationship

between the variables is expected to be of a complex
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form, not easily fitted by standard linear or nonlinear

models, and there is no a priori reason for using a

particular model. GAM extends traditional general-

ized linear models (GLM) by replacing linear predic-

tors of the form g = Rjbjxj with g = Rjfj(xj), where fj
(xj) are unspecified nonparametric functions.

Methods for estimating fj include smoothing by

spline regression or LOESS (stands for LOcal

regrESSion) smoothers to remove irregularities of

data. It helps to provide a clear view of the true

underlying behavior of the series. GLMs with

regression splines (to which we refer here as the

fully parametric alternative of the GAM with

nonparametric smoothers) commonly define fj to

be regression splines, such as natural cubic splines

or B-splines with a pre-specified number of knots

at known locations. A nonparametric smoothed

function (LOESS) of time is used to remove low

frequency variability (Cleveland and Devlin 1988).

This procedure removes smooth long-term variabil-

ity in the time series and has been successfully

used to remove seasonal variability from similar

datasets in many previous studies (Stieb et al.

2000; Lin et al. 2002; Wong et al. 2002).

Alternatively, one can smooth using GLM with

parametric natural cubic splines (GLM NS) instead

of the nonparametric smoothers LOESS. This

smoother again requires the specification of degrees

of freedom (number of knots ?2) so that the

autocorrelation in the residuals is minimized. In

this study, we want to compare both LOESS and

NS. The smoothing parameter identified for each

diagnosis was also used to smooth the atmospheric

variables in the models to ensure comparison

between identically smoothed data and reduce the

possibility of introducing spurious associations. The

main result of interest, of course, is how the

predictors are related to the dependent variable.

In addition to reducing the possibility of residual

confounding between the predictors and the response,

a significant benefit of pre-adjustment is the removal

of potentially spurious associations between predictor

variables.

Hence, the goal of the present study was to examine

the relationship of daily asthma hospital admission of

school-age children and daily concentration of out-

door Alternaria conidia, ozone, PM10 and weather

parameters in the atmosphere of Kolkata, using

nonparametric generalized additive model.

2 Methods

2.1 Alternaria exposure data

The daily data (2008–2010) for atmospheric Alter-

naria conidial spore concentration (number/m3 of air)

were recorded (The British Aerobiology Federation

1995) by Burkard 7-day volumetric sampler (Burkard

Manufacturing Co., UK), which was located within

2 km of distance from two hospitals. The suction flow

rate (10 l/min) of the sampler was constant throughout

the study period. For the confirmed identification of

the Alternaria and its species, petriplates containing

potato dextrose agar (PDA) and Sabouraud’s dextrose

agar (SDA) media were exposed at the sampling site

for a period of 15 min. After exposure, the petriplates

were incubated at 25 �C. The fungal colonies devel-

oped in the petriplates were isolated by subculturing

and studied by both light and scanning electron

microscopy. The daily concentration data of 2010

were used for statistical analyses.

2.2 Skin prick tests (SPT)

To check the allergenic potential of Alternaria conid-

ial spore, skin tests were performed with Alternaria

conidial spore extracts on 398 respiratory allergic

school-age patients (age range: 5–18 years), attending

the Allergy Department of The Institute of Child

Health, Calcutta, during 2008–2009. They all had

demonstrated clinical manifestations of rhinoconjunc-

tivitis and/or bronchial asthma. The exclusion criteria

were perennial or severe asthma and other severe

systemic diseases during skin testing. To avoid

masking of possible symptoms, corticosteroids and

antihistamines were prohibited. The detailed history

including age, sex, family history, onset and duration

of symptoms were recorded.

Tests were performed with 20 ll of allergenic

extract placed on the ventral side of the forearm with a

26 G. disposable hypodermic needle. Extraction was

performed using the conidial spore at 95 % purity

with 0.1 M PBS (1:50 w/v). Histamine phosphate

(1 mg/ml) and PBS (1 mg/ml) were used as positive

and negative controls, respectively. The reaction

measurement was performed after 20 min. According

to International guidelines, positivity was defined as

mean wheal diameter C3 mm compared with negative

control (Dreborg and Frew 1993).
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2.3 Study population

The data of daily emergency hospital admission due to

asthma attack for school-age children were recorded

from Sir Nilratan Sarkar Hospital and National

Medical College Hospital, the two important govern-

ment hospital of Central Kolkata during 2008–2010.

After the baseline study (2008–2009) to confirm the

trend of hospitalization, the data of the year 2010 were

used for statistical analyses, which included the

patients (n = 2,708) between 5 and 18 [mean age

(9 ± 1.2)] years of age with principal diagnosis of

asthma. Hospitalized patients were selected on the

basis of International Classification of Diseases, 9th

revision, Clinical Modification (ICD-9-CM) code

(WHO 1975) for asthma (493.xx) ICD-10 (WHO

1993) code J45/4d listed as the first discharge diag-

nosis (symptom, medication and case history) for

children and adolescents from birth to 19 years (the

age group mostly covered in present study). The

symptoms included were wheeze, cough, chest tight-

ness, chest pain, cold, shortness of breath and asso-

ciated complications. The exacerbations were acute

that does not respond to inhaled bronchodilators,

corticosteroids, etc., and in most of the cases, oxygen

was provided. In some cases (n = 467), pulmonary

function tests were performed. In these cases, the

percentage of forced expiratory volume in 1 s (FEV1)

of predicted value was\60 % (data not shown).

2.4 Ozone and PM10 exposure data

The daily data of Ozone (O3, ppb) and PM10 (lg/m3 of

air) exposure were collected from Victoria Memorial

(Central Kolkata) for the year 2010. The measurement

was conducted by West Bengal Pollution Control

Board, India. The weather parameters [average daily

temperature (�C), relative humidity (%), rainfall (mm)

and wind speed (km/h)] data were collected from

Alipore Meteorological station, Kolkata.

2.5 Statistical analyses

Whenever we are interested in a study concerning the

regression of a variable (here hospitalization) over a

few predictors, we usually use a statistical model.

Once such a model is proposed, the next job is to test

for its validation. This is usually done by testing the

hypothesis regarding the effect of covariates on

response. GAM is nothing but a regression model,

which includes different covariates. The null hypoth-

esis (assuming that all predictors are insignificant for

predicting the number of hospitalization) of non-

significant effects are studied using appropriate test

statistics. Predictors with lower p value (\0.05) are

treated as statistically significant. The nonparametric

smooth curve fitted to daily asthma hospital visits over

study months indicated a time trend characterized by a

restricted cubic splines with three knots.

Hence, the overall model was summarized as:

Visitt� PoissonðgtÞ

log gt ¼ aþ b1 Spore countþ b2 PM10 þ b3 Ozoneð Þ
þ ns Average humidityð Þ
þ ns Average temperatureð Þ
þ ns Average wind speedð Þ

where (Visit)t is the expected number of hospital

asthma visits on a particular day t; a is the intercept

term; b1 and b2 are exposure parameters, which are

equal to the coefficient of the Alternaria conidial spore

count and PM10, respectively. We then repeat the

analysis replacing the smoothing splines with LOESS

smoothers. We fitted the following GAM with LOESS

smoothers:

log gt ¼ aþ b1Spore countþ b2 PM10 þ b3 Ozoneð Þ
þ lo Average humidityð Þ
þ lo Average temperatureð Þ
þ lo Average wind speedð Þ

3 Results

The survey on airborne Alternaria conidial spore

count showed its presence throughout the year 2010

(entire 365 days period) with variable concentrations.

When the viable conidial spores are considered in term

of colony forming units in petriplate exposure, among

the species of Alternaria, we found A. alternata to be

the most prevalent (61.35 %), followed by A. tenuiss-

ima (23.71 %) and A. padwickii (11.05 %). In skin

reaction results, (n = 398) on respiratory allergic

school-age children, with allergenic extract of the

conidial spore of these three species, A. tenuissima

showed highest positive response (40.70 %) followed

by A. alternata (21.35 %) and A. padwickii (4.02 %).

The survey on asthma-related hospitalization in

school-age children (5–18 years of age) of Kolkata
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city showed the admission rate of 2,708/year in 2010.

There is a significant seasonal variation in daily

asthma hospitalization of this age group, which ranges

within 2–24/day (Fig. 1a). There were two peak

seasons, the first one (up to 24/day) was in spring-

early summer (last week of March to mid April) and

the second one (up to 23/day) was in autumn (mid

September–October).

In 2010 (Fig. 1b), the concentration of airborne

Alternaria conidia was high up to 191.5 conidia/day/

Fig. 1 a–h Data on daily

hospital admission due to

asthma attack for school-age

children at Kolkata along

with all the possible factors.

Broken lines correspond to

smoothing by spline. The

labels on x-axis refer to days

of the year (a School

children hospitalized for

asthma/day, b Alternaria

conidial spore count/day/m3

of air, c Ozone

concentration in ppb,

d PM10 in lg/m3 of air,

e average daily temperature

in �C, f average daily

humidity in %, g Average

daily rainfall in mm,

h average daily wind speed

in km/h.)
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m3 of air in March and September, moderate in

October–December and low (B1 conidia/day/m3) in

July, in the midst of the rainy season.

The concentration of ozone in the atmosphere

varied from 2 to 145 ppb around the year with lower

level in January, June–July period and higher level

during April, September–November period (Fig. 1c).

The quantum of PM10 (Fig. 1d) showed its higher

level in the atmosphere of study area in May–June and

January–April (up to 2,422 lg/m3 of air). Its concen-

tration was lower during end of July–September

(minimum up to 2 lg/cubic meter of air).

Regarding the weather parameters, the average

daily temperature of the city of Kolkata (Fig. 1e)

ranged from 11.9 �C in winter (December–January) to

32.9 �C in summer (May–June). The average relative

humidity (Fig. 1f) was found to be high from the end

of June–October and lower during December–March

with a range of 70–100 %. In case of rainfall (Fig. 1g),

there was almost no rainfall in winter (December–

January and spring (March–April). It was sporadic or

low during autumn (September–November) but high

in rainy season (July–August). The average daily

rainfall over the year ranged from 0 to 98.5 mm. The

wind speed showed the range from 1.6 km/h in

December to 52.3 km/h in April with great variation

(Fig. 1h).

Number of asthma-related hospitalization in

school-age children varied from one season to other.

Seasonal variation is present in different covariates

used here, which is evident from Fig. 1. It can also be

observed that whenever the Alternaria conidial spore

count is high (in the first and third quarters of the year),

number of hospitalization is also high. It gives an

indication of some positive correlation between

Alternaria conidial spore count and number of hospi-

tal admission.

Table 1 describes the summary of the data includ-

ing the mean, medians and standard deviations for the

data of all predictor test variables and asthma hospi-

talization by combining the quarterly data for the

whole year.

A 30-day smoothing parameter was chosen for all

diagnostic classes to remove temporal cycles, mini-

mize autocorrelation and optimize goodness-of-fit. In

Fig. 2, we have smoothed out the fluctuations. It can

be seen that the smoothing technique performs well in

almost all the cases except rainfall (Fig. 1g), which is

obvious. Spline method is also used for smoothing.T
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Both methods result in similar results. To make our

study more focused, we have not included the Spline-

based results here.

Table 2 shows product–moment correlations

between the predictors. This relationship can be

computed using Pearson’s product–moment formula,

which is necessary to have an idea regarding the

relationship between variables. This formula is useful

for most of the cases, when variables are of some

numeric value. These correlations should be used with

much attention to remove spurious correlation among

the predictors. A significant benefit of smoothing is the

removal of potentially spurious correlations between

predictor variables (Table 3). For example, the corre-

lation between ozone and average temperature is

positive (r = 0.196) for raw data, but highly negative

(r = -0.756) for smoothed data. Similar phenomenon

may be observed in case of Alternaria conidial spore

count and wind speed. In some cases (e.g., wind speed

and rainfall), magnitudes of the correlations also vary

except for ozone and PM10.

To get an idea about the significant factors, a

generalized linear model (GLM) with log link is fitted.

Though this model completely ignores the correlation

structure present in a time series data, it may be used

for preliminary analysis. From Table 3, first model

obtained using GLM is as follows:

Log Yð Þ ¼ 2:2384þ 0:0083 � Spore count� 0:0023

� Ozone� 0:0089 � Average humidity

þ 0:0173 �Wind speed

where, Y is the counts of daily hospital admission due

to asthma. Surprisingly, PM10 is not included in the

above model since it is not significant statistically.

This shows inefficiency of the proposed GLM where

the correlation structure of the data is completely

ignored. The fitted values, using this GLM, are plotted

in Fig. 2. The Akaike information criteria (AIC) value

is found to be 1,981.1. However, the fitting of this

GLM is not so good for obvious reasons. First, the

spurious correlation present in the data is not removed,

and secondly, the time series correlation is not

considered. These two problems can be solved by

using general additive model which is a less restrictive

model, with moderately flexible nonparametric terms

for each of the predictors.

General additive model (GAM) is fitted using

R-2.10.1. Since the response (number of hospital visit)

is assumed to follow a Poisson distribution (Fig. 2),

the link function for the GAM is taken to be log. We

first model the response using all the factors. The

result of the analysis is given in Table 4.

It is found that smooth term corresponding to

average temperature does not have much impact on the
Fig. 2 Fitting of discrete numeric data of asthma hospitaliza-

tion by standard Poisson regression

Table 2 Correlation coefficients (by product–moment correlation analysis, specific for numeric variables) for the environmental

predictors of hospitalization in case of raw data

Conidia Ozone Average humidity Average temperature PM10 Wind speed Rainfall

Conidia 1 0.070 0.138 0.343 -0.019 0.086 -0.063

Ozone 1 -0.650 0.196 -0.114 0.406 -0.118

Average humidity 1 0.388 -0.437 -0.111 0.202

Average temperature 1 -0.440 0.238 0.229

PM10 1 -0.0947 -0.111

Wind speed 1 -0.105

Rainfall 1
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response. So, we exclude this covariate from our final

model. To get an idea about the model fit, Un-Biased

Risk Estimator (UBRE) score is computed. From the

above, it is found that there exists hardly any

difference between these two methods except the

inclusion of ozone as a predictor (Table 5). In LOESS

smoothing, the p value is very high for the ozone

implying the insignificance of ozone as a predictor.

But in case of spline smoothing, ozone is found to be

significant at 5 % level. Both the methods indicate the

significance of the Alternaria conidial spore count and

PM10 in the air. From the unbiased risk estimates

(UBRE) score as well as from the value of adjusted R2

(a statistical term explaining the goodness of a

predictor with other), it is observed that Spline

smoothing perhaps is an edge over the Spline regres-

sion in terms of model fitting. More deviance is

explained by the Spline regression compared to the

LOESS method (Table 6).

In Fig. 3a, b, the dotted line represents the fitted

value, whereas the points are the observed ones.

From here, it is clear that the GAM is well fitted

irrespective of LOESS or spline.

GAM with nonparametric smoothers provides a

more flexible approach for adjusting for nonlinear

confounders compared with fully parametric alterna-

tives in time series studies of air pollution and health.

A significant advantage of nonparametric regression is

that we need not rely on difficult-to-verify assump-

tions about the functional form of the dependence of

the outcome on individual risk factors. We have

considered Alternaria conidial spore count, Ozone and

PM10 as the possible cofactors smoothing the other

cofactors. However, it will be of our interest to deal

with some more models by incorporating the cofactors

in regression without smoothing. In this work, two

popular smoothing techniques were applied; some

other smoothing techniques can also be used so that

the best model can be fitted.

4 Discussion

An average of one out of every ten school-age children

now has asthma in USA. It is a leading cause of school

absenteeism due to chronic condition accounting for

nearly 13 million missed school days per year (Unites

States Environmental Protection Agency 2012). The

level of outdoor air pollutants are also increasing

sharply in India, including the rise of asthmatics. In the

present study on school-age children of Calcutta

(Kolkata) City, India, we recorded two peak seasons

of asthma hospitalization, one during spring-early

summer period and another in autumn. The most

intense peak of epidemic of asthma exacerbation

requiring hospital admission of children during

autumn have been reported from many countries like

Table 3 Correlation coefficients (by product–moment correlation analysis, specific for numeric variables) for the environmental

predictors of hospitalization in case of smoothed (to reduce spurious correlation) data

Conidia Ozone Average humidity Average temperature PM10 Wind speed Rainfall

Conidia 1 0.136 0.623 0.471 -0.819 -0.191 0.324

Ozone 1 0.321 -0.756 -0.094 -0.925 -0.788

Average humidity 1 0.742 -0.950 -0.123 0.804

Average temperature 1 -0.636 0.710 0.956

PM10 1 0.085 -0.638

Wind speed 1 0.681

Rainfall

Table 4 Analysis of parameter estimates of Alternaria

conidial spore, PM10, ozone, average humidity, average tem-

perature and wind speed for standard multiple Poisson

regression with standard error and p value) for level of

significance)

Parameter Estimate SE p value

Intercept 2.2384 0.2288 \0.05*

Conidial spore count 0.0083 0.0004 \0.05*

PM10 0.0001 0.0001 0.3446

Ozone -0.0023 0.0011 0.0388*

Average humidity -0.0089 0.0025 \0.05*

Average temperature 0.0003 0.0055 0.9446

Wind speed 0.0173 0.0025 \0.05*
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Canada (Crighton et al. 2001), United States (Kimes

et al. 2004), Israel (Garty et al. 1998), etc.

To correlate different factors with childhood

asthma hospitalization, statistical tools are necessary

for summarizing the data, predicting the response and

finding the causal inference. To analyze huge data on

environmental health studies, complications may arise

due to the nature of study, e.g., time series data,

measurement error, high dimensional data, etc. Since

the data is a time series data, it contains cyclical

fluctuations (i.e., wave-like ups and downs) and

autocorrelations giving irregularities. In case of such

time-dependent variables, the actual correlations may

be confounded. To remove these confusions, we

smooth the data first (by spline and LOESS smoother

tool) to get rid of such dependency and then we

compute the correlation between two predictors. This

feature has been used in modeling the response using

regression analysis by GAM to view the actual

underlying correlation with cofactors like airborne

Alternia conidia, PM10, ozone, etc.

The tropical climate and agricultural practice may

release significantly higher level of fungal spores

(Chakraborty et al. 2003) including Alternaria in the

city atmospheric environments. In outdoor environ-

ment, Alternaria is one of the most commonly

reported fungal genera, causing respiratory hypersen-

sitivity (Feo Brito et al. 2012), which sometimes

shows seasonal two-peak pattern as in present study

(Maya-Manzano et al. 2012). We found a high level of

allergenic sensitivity against Alternaria in school-age

children. Showing similarity to the present study,

results from the middle-school children population

survey showed that sensitization to this mold is

strongly associated with asthma (p \ 0.001) by uni-

variate analysis (Guo et al. 1999).

Supporting the strong positive correlation of

hospitalization and coarse aerodynamic particles in

our study, there are several reports indicating PM10

as an aggravation factor for asthma in children

(Iskandar et al. 2012; Weinmayr et al. 2010). A

recent study on respiratory health and PM10

exposure data on 45,000 children from comparable

cross-sectional studies in 12 countries showed that

it is associated with seasonal respiratory symptoms

(Hoek et al. 2012). Association of PM10 concen-

tration with higher percentage of nasal irritation

and wheeze is also common in asthmatic children

(Preuttipan et al. 2004; Mann et al. 2010).

Table 5 Estimates of Alternaria conidial spore count, PM10 and ozone with their SE (in parentheses) in case of spline regression and

LOESS smoothing of data to reduce irregularities

Spline LOESS

Estimate p value Estimate p value

Alternaria conidial spore count 0.0081 (0.0004) \0.01* 0.0083 (0.004) \0.01*

PM10 0.0037 (0.0007) \0.01* 0.0010 (0.0008) \0.01*

Ozone 0.0022 (0.0011) 0.0024* 0.0024 (0.0018) 0.8244

* Significant effects

Table 6 Deviances for spline regression and LOESS smoth-

ering of data to check the goodness-of-fit of prediction model

Spline LOESS

Adjusted R2 value 0.534 0.527

Unbiased risk estimates

(UBRE) score for GAM

0.546 0.6093

Deviance explained 62.7 % 54 %

Fig. 3 Fitted values for daily hospitalization of school children

for asthma under generalized additive models (GAM) with

smoothing Splines (above) and LOWESS smoothers (below).

Circles are the observed counts. Time is given in days
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The ambient pollutant most strongly associated

with asthma morbidity is the ozone, which can

enhance airway inflammation. A strong association

between ozone and asthma emergency visits has been

established in school children (Villeneuve et al. 2007).

In the present study, although there is significant

positive correlation of ozone concentration and

asthma hospitalization in LOESS smoothing of data,

it is not highly significant in spline smoothing method.

In this context, it can be mentioned that data from the

APHEA (Air Pollution and Health: A European

Approach) study for the period of 1986–1992 from

Barcelona, Spain; Helsinki, Finland; Paris, France and

London, UK, failed to find any association between

emergency asthma hospitalization and ambient ozone

level in children\15 years of age (Sunyer et al. 1997).

The reason behind such variation of association is a

subject of further detail analyses.

5 Conclusion

In conclusion, the result of this study provides a better

understanding of the correlation of airborne Alternaria

conidial spore concentration, ozone exposure, partic-

ulate patter (PM10) and weather on emergency visits

for asthma in school-age children of Kolkata city using

generalized additive model. The findings demonstrate

that airborne Alternaria conidial spore, PM10 and to

some extent ozone might have a positive significant

impact on emergency asthma hospitalization in school-

age children of the city. Future research is required to

provide more specific model and trends to help for the

awareness about the pollutants and allergens as well.
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