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INTRODUCTION

Background: Determining the temporal variations and seasonal pattern of
diseases and forecasting their incidence can help in promoting disease control
and management programs. This study was performed to determine the
seasonal variation of tuberculosis and forecast its incidence until the year 2015
in one of the northern provinces of Iran.

Materials and Methods: A longitudinal time series study was conducted. The
study interval was from March 2001 to March 2011. The sum of daily registered
cases in each month created 132 time points. The Box-Jenkins methods were
used for determining the model. The best model was selected by analyzing the
residuals and calculating the AIC and BIC.

Results: A total of 3,313 patients were diagnosed and recorded during this time.
The highest number of cases was registered in May and the difference in
monthly incidence of tuberculosis was significant (P=0.007). The incidence of
tuberculosis was higher in spring and summer than winter (P=0.04). According
to the best model which was SARIMA (0, 1, 1)(0, 1, 1)12 , the average incidence
of tuberculosis in 2015 is estimated to be 12 in 100,000 persons per year.
Conclusion: The results of this study showed that in the north of Iran the
incidence of tuberculosis has a cyclic pattern and the maximum incidence is in
spring (May). Also, the trend of tuberculosis incidence is increasing and needs
attention.
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Tuberculosis is an infectious disease caused by the
Mycobacterium tuberculosis and transmitted by airborne
particles from person to person. Although all deaths from
tuberculosis are preventable, about 26% of the preventable
adult deaths in developing countries are attributed to this
disease (1-3).

The range of tuberculosis incidence in different
countries is variable. For example, its incidence in Africa,
UK, Spain and America is 365, 5, 21 and 4.5 cases in 100,000
persons, per year, respectively. The incidence rate of
tuberculosis in Sistan and Bluchestan (Southeast), Kerman

(Southeast), Golestan (North), Mazandaran (North) and

100,000 people per year, respectively (1, 4, 5).

Determining the temporal and seasonal pattern of
tuberculosis incidence and forecasting its incidence is
useful. By determining the pattern of incidence, the scope
of health problems in the future and the range of effective
health programs needed for proper and more efficient use
of the available resources can be planned (6).

Season and climate change may have an effect on the
mechanism of transmission and diagnosis of tuberculosis
through different pathways. Weather can be effective in
tuberculosis transmission through increasing the time

people spend indoors due to rain, snow or low
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temperatures. Also, there is a possibility that in specific
time periods and due to limited access to medical services
the number of registered cases decreases. Other factors
related to season such as metabolism and type of diet may
also affect the incidence of tuberculosis. Therefore, it may
be likely that the incidence of tuberculosis is related to
seasonal changes and this can determine the time periods
in which the disease diagnosis and registration are
expected to be higher (7-9).

The seasonal pattern of tuberculosis has been evaluated
in many studies and some of them have been mentioned
here (6, 8-15). For example in South Africa the incidence of
TB was the highest in late winter and early spring (14); in
UK (8) and Hong Kong (11) it was the highest in summer,
in Spain (9) and Japan (15) it was the highest in summer
and autumn, and in Taiwan (16) the peak of disease
incidence was in late spring and early summer.

According to the results of different studies it does
seem that the seasonal pattern of tuberculosis around the
world is not uniform. Even in different areas of a country
with various climates, the seasonal pattern of tuberculosis
might be different; also, the seasonal pattern in one
geographical area during different time intervals might be
different (9, 17).

In this study, we evaluate the temporal variation in
tuberculosis diagnosis in Mazandaran province and
forecast the incidence and patterns of tuberculosis by the
year 2015.

MATERIALS AND METHODS

This longitudinal time series study evaluated the data
from the north of Iran (Mazandaran Province). The
population of this province according to the 2011 census is
3,028,923 persons, 50.1% are males and 55% live in urban
areas (18). The climate of this part of Iran is temperate and
humid. This study evaluated the diagnosed tuberculosis
cases from March 22, 2001 to March 21, 2011.

The source of data was from the tuberculosis
surveillance program which is conducted under the

supervision of the Deputy of Health at the Iranian Ministry

of Health and Medical Education. Eleven years data about
the incidence of tuberculosis were inquired from the
Disease Prevention and Control Unit of the Deputy of
Health at the Mazandaran and Babol Universities of
Medical Sciences. All identifying information was removed
from the data.

The time unit in this study was month, and the cases
were counted per month. The length of the study was 11
years and 132 time points were used. Spring was defined
as March 21 to June 21, summer from June 22 to September
22, autumn from September 23 to December 21 and winter
from December 22 to March 20.

In order to see the changes in tuberculosis diagnosis, in
the first step the time series graphs were created. The
stationary or non stationary of the mean and variance for
determining the series was evaluated. Then ACF
(autocorrelation function) and PACF (partial
autocorrelation function) graphs were drawn.

In order to determine the best model, Box-Jenkins
methods were used. Therefore, three steps including
determining a probable model, calculating the model
parameters (fitness of the model) and evaluating the
appropriateness of the model were performed and
eventually the most appropriate model was used for
forecasting the number of cases in the future.

In order to determine the appropriateness of the model,
residuals were evaluated and the AIC (Akaike information
criterion) and BIC (Bayesian information criterion) were
calculated and the model with the least amount of these
parameters was used for prediction. The autocorrelations,
differences and moving averages were shown as
SARIMA(p,d,q)(P,D,Q)s. The (p, d, q) is non seasonal, the
(P, D, Q) is seasonal and s shows the length of seasonal
periodicity.

In order to show the effect of gender, age and place of
residence, ANOVA was performed and the mean age was
compared between men/women and urban/rural
populations. In order to estimate the population during the
years under study and to determine the incidence of

tuberculosis in 100,000 persons, the results from the 2006
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and 2011 census and by applying a populate growth rate of
1.12 for the years between 2001 and 2006 and a population
growth rate of 0.72 between 2007 and 2015 were used.

RESULTS

During the time of the study, 3,313 tuberculosis cases
were diagnosed among which 52.8% were males. The
mean age of patients was 47.2+2.12 yrs. and the mean age
of men and women was 48.2+20.9 and 46.1+21.5,
respectively; the results of the independent t-test showed
this difference to be significant (P=0.005). The average
incidence of tuberculosis in males and females was 9.5 and
8.7 in 100,000 people per year, respectively. Also, 56% of
The

average incidence of tuberculosis in the urban population

the patients (1,867) were residing in urban areas.

was 9.4 in 100,000 people and in the rural population 8.8 in
100,000 people per year.

The highest average incidence was in May (31.446.3),
July (30.0+6.1), August (27.2+7.8), June (26.9+7.8) and
March (26.2£6.3), respectively and the lowest incidence
was in  February (20.9+5.5), January (21.4+6.4) and
September (22.9+7.4), respectively; these differences were
significant (F=2.52, p=0.007). According to Figure 1, the
maximum number of male, female and total patients in the
population during these 11 years was 172, 173 and 345
people per month, respectively which were diagnosed and
registered in May. The maximum incidence of disease in
urban and rural populations was 192 and 153 people,
respectively and were again registered in May (Figure 1, 2).

Table 1 shows that the mean incidence of tuberculosis

in both females and males, in urban and rural populations

Table 1. Seasonal incidence of tuberculosis by gender and place of residence.
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was higher in spring and summer than autumn and
winter. According to the post hoc tests, the level of
significance between total incidences in spring and winter
was 0.02 and between summer and winter was 0.03.

The Bartlett test showed that the difference between
variances was not significant (p=0.9). The time series, ACF
and PACF graphs showed that the data had a seasonal
pattern. Differences were calculated for eliminating non
stationary in the means once and also once for eliminating
the seasonal effect. The time series used in this study had
an average of 25.1 cases of tuberculosis in each month and
the standard deviation was 7.3.

Considering the fact that the time series after one
difference and one seasonal difference became stable for
fitting the Box-Jenkins model, the amount of d and D in the
model was set as one. Also, by using the ACF, PACF and
the result of the t-test for evaluating the difference of the
estimated parameter from zero and according to the
parameters(AIC and BIC) for determining the best fit, the
for the time series was

SARIMA(0,1,1)(0,1,1)(12)(table 2).

final and best fit model
Using this model,
forecasting for 48 months (4years) from March 2012 to
March 2015 was done. From the 84th month to the 132th
month the suggested model was compared with actual
data and from the 133rd to the 180t month the forecasted
data for monthly incidence of tuberculosis was predicted.
Also, according to the methods described, the incidence of

tuberculosis in 100,000 people was calculated and the rate

in 2015 was estimated to be 12 in 100,000 people per year.

) Spring Summer Autumn Winter ANOVA
Variables
Mean SD Mean SD Mean SD Mean SD F P
Gend Male 14.3 48 14.2 39 12.3 4.9 121 35 2.3 0.07
ender
Female 12.8 41 12.5 5.2 11.4 4.03 10.7 4.6 15 0.2
. Urban 15.4 4.8 15.3 5.2 13.1 6 12.8 4.7 2.3 0.08
Residence
Rural 11.7 45 11.4 45 10.8 31 10.03 33 1.2 0.3
Total 27.1 74 26.7 75 238 7.2 22.8 6.3 2.9 0.04
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Table 2. Significance of the parameters in the proposed models and the goodness of fit for each model.

Model type Lag Coefficient SE. Coef. T P AlC BIC
AR 1 0.075 0.115 0.65 0.5
SAR 12 -0.072 0.119 -0.6 0.5 12.6037
SARIMA (1,1,1)(1,1,1)22 MR 1 0.829 0.06 12.9 0.0001 ' 3.6037
SMA 12 0.862 0.09 8.9 0.0001
Constant 0.011 0.02 0.57 0.57
MA 1 0.79 0.05 145 0.0001
SARIMA (0,1,1)(0,1,1)z2 AMA 12 0.86 0.07 10.9 0.0001 8.7022 3.7022
Constant 0.008 0.03 0.31 0.7
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Figure 2. Aggregated monthly tuberculosis count by place of residence

DISCUSSION
The results showed that in the north of Iran
(Mazandaran Province) the maximum number of

tuberculosis patients diagnosed was in the second month
of spring (May), followed by June and July. The minimum
number of cases was in February. The same seasonal
pattern was seen in males and females, and in urban and
rural populations. The difference in the number of
diagnosed cases among men and women was the highest
in November. Also, the peak seen in March among the

urban population was considerable in comparison to the

seasonal factors to be reflected (19). In a study,
Permanasari et al. investigated the performance of six
different forecasting methods, including linear regression,
moving average, decomposition, Holt-Winter’s, ARIMA,
and artificial neural network (ANN) for monthly
tuberculosis data forecasting and showed that the ARIMA
model was the most appropriate model (19).

In this study, the highest number of diagnosed and
registered cases of tuberculosis was in spring and summer.
There was also a slight increase in late winter. In other
countries, the peak of tuberculosis incidence in England (8)
and Hong Kong (11) was in summer, in Taiwan (16) and
Ireland (17) was in spring and summer, in America (20)
was in spring (March) and in Mongolia (7) it was in spring
(with a peak in April); the least number was in December
and September. The peak of tuberculosis incidence in
Japan as in Yamamoto et al's study (15) was in summer, in
Nagayama et al's study (12) was in spring and summer, in
Spain in Luqureo et al's study (13) it was in late winter and
spring, in Rios et al's study (9) it was in summer and
autumn, in South Africa in Fares et al's study (17) it was in
spring and summer and in Schaaf et al's (14) study it was

in spring. Also, in the north of India (10) the peak of
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tuberculosis was in spring and summer (maximum in
April and June and minimum in October and December),
but in the south of India (10) a seasonal pattern was not
seen. In most studies the peak was seen in spring and
summer which was in line with our study.

In our study, the seasonal pattern among men and
women was similar to the observed general pattern. We
did not find any other similar study for comparison. Also,
we did not have any proper explanation for the slight
difference observed among men and women in November.

In comparing the seasonal trend of tuberculosis among
the urban and rural populations, the late winter peak was
different in the two regions and this peak was more
considerable in the urban areas. A similar study in this
regard for comparison was not found. Based on our
knowledge about the dominant climate in this region, this
phenomenon can be explained by the fact that urban areas
in this province enjoy spring weather from the beginning
of March; however during this time in the rural areas of
Mazandaran due to mountainous, snowy and cold climate
people have limited access to medical services and
therefore rate of diagnosis and registration may decrease.

The decrease in the number of registered cases in April
is more likely due to the Iranian New Year holidays and
the fact that in about half of the working days in this
month the health centers are closed or half closed.
Moreover, the chronic nature of the disease and the fact
that patients can tolerate the disease for some time before
visiting the health centers, may probably lead to delays in
the registration of the disease, and this may lead to more
cases being registered in May.

Explaining the reason for the seasonal pattern of
tuberculosis is not easy. There are hypotheses about the
transmission routes of tuberculosis. One of the hypotheses
is that due to cold weather and living in confined spaces,
transmission of the disease occurs more frequently in
winter and eventually after passing the latency period and
the presentation of symptoms, diagnosis of the disease
happens to be in spring (21). Rios et al. (9) believe that

acquiring tuberculosis in winter and spring is due to
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recurrent respiratory infections, influenza,
immunodeficiency and also living in confined spaces, and
after passing the pre-clinical stage the diagnosis of
tuberculosis occurs in spring. Yamamoto et al. believe that
the probable reason for the high incidence of the disease in
summer is weakness of the immune system due to low
vitamin D production in winter and its exacerbation in
spring, the latency time of 1 to 4 months and registration of
the cases in summer (15). Leung et al, in Hong Kong
showed that decease in sunlight and therefore decrease in
vitamin D significantly increases the incidence of
tuberculosis with positive smear and sputum culture (11).
The role of vitamin D has also been confirmed in several
other studies (22-25). Also, in some studies it has been
mentioned that other climate factors such as rainfall and
humidity and factors like working load, religious and
traditional ceremonies can also influence the time of
disease peak (26, 27).

In the present study according to the prediction done
by the Box-Jenkins models, the incidence of tuberculosis
had an upward trend. A similar study in Spain with
mathematical modeling of the registered cases of
tuberculosis from 1971 to 1996 predicted the pattern of
tuberculosis incidence in 1997 and the fitted model showed
an increase in TB incidence (9). Because of the special
conditions including the emergence of drug resistant
tuberculosis, the prevalence of HIV/AIDS and
immunosuppressive diseases that increase the incidence of
tuberculosis, it does seem that control and decrease in the
incidence of tuberculosis and eventually its eradication by
2050 will be difficult to achieve.

This study had limitations including the fact that the
role of rainfall, humidity and dust with regard to the
incidence of this disease were not studied. However, due
to the similar climate of most areas in this province which
is limited from the south to mountains and from the north
to the Caspian Sea, and the fact that these factors change
with season, we can conclude that these variables have

already been considered.
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The results of this study show that in the north of Iran
there are seasonal changes in the diagnosis and registration
of tuberculosis and the highest diagnosis and registration
occurs from late winter to mid-summer. Using the selected
model, we forecasted that the trend of tuberculosis
incidence will increase after a period of decrease and this
phenomenon is logical considering the increased
prevalence of HIV/AIDS, diabetes, immunosuppressive
diseases, cancers, addiction and drug resistance.

We suggest that in order to promote the quality of the
tuberculosis control programs and minimize delayed
diagnosis and treatment, initiatives have to be set for
earlier detection and evaluation of suspicious subjects.
Also, more educational programs about promoting
personal hygiene especially in winter (when the risk of

disease transmission is high) should be provided.
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