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Objectives: The purpose of the current study was to determine the upper threshold number of cases for 
which pertussis infection would reach an outbreak level nationally in Iran.
Methods: Data on suspected cases of pertussis from the 25th February 2012 to the 23rd March 2018 from 
the Center for Disease Control and Prevention in Iran was used. The national upper threshold level 
was estimated using the exponentially weighted moving average (EWMA) method and the Poisson 
regression method.
Results: In total, 2,577 (33.6%) and 1,714 (22.3%) cases were reported in the Spring and Summer 
respectively. There were 1,417 (18.5%) and 1,971 (25.6%) cases reported in the Autumn and Winter, 
respectively. The overall upper threshold using the EWMA and the Poisson regression methods, was 
estimated as a daily occurrence of 8 (7.55) and 7.50 (4.48-11.06) suspected cases per 10,000,000 people, 
respectively. The daily seasonal thresholds estimated by the EWMA and the Poisson regression methods 
were 10, 7, 6, 8 cases and 10, 7, 7, 9 cases for the Spring, Summer, Autumn, and Winter, respectively.
Conclusion: The overall and seasonal estimated thresholds by the 2 methods were similar. Therefore, the 
estimated thresholds of 6-10 cases in a day, per 10,000,000 people could be used to detect pertussis 
outbreaks and epidemics by health policymakers. 

©2020 Korea Disease Control and Prevention Agency. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Pertussis is a notifiable infectious disease caused by 
Bordatella pertussis which is characterized by a paroxysmal 
cough [1,2]. Despite global vaccination against pertussis, 
the reported number of cases are increasing, and it can be 
considered as a reemerging infectious disease [3,4].  Although 
pertussis can occur in all age groups, infants less than 6 
months have the highest morbidity due to infection [5-7]. 

Clinical symptoms of pertussis are highly dependent upon 
the age of the patient and the resilience of their immune 
system [8,9]. The severity of symptoms, hospitalization, and 
mortality are more notable among infants [10]. The intensity 
of disease severity is often mild in adults however, this group 
is the main source of transmission of infection to infants and 
neonates [11,12]. According to the global burden of disease 
study in 2013, pertussis-related death accounted for nearly 
400 deaths per million births during the first year of life [13]. 

*Corresponding author: Kourosh Holakouie-Naieni
Department of Epidemiology and Biostatistics, School of Public Health, Tehran University of Medical Sciences, Ghods Street, Enghelab Square, P.O. Box 1417613151, 
Tehran, Iran
E-mail: holakoik@hotmail.com
ORCID: Yousef Alimohamadi  https://orcid.org/0000-0002-4480-9827, Seyed Mohsen Zahraei  https://orcid.org/0000-0002-1940-2216, Manoochehr Karami  https://orcid.
org/0000-0002-9026-3757, Mehdi Yaseri  https://orcid.org/0000-0002-4066-873X, Mojtaba Lotfizad  https://orcid.org/0000-0001-9720-5966, Kourosh Holakouie-Naieni  https://
orcid.org/0000-0003-3256-9966
©2020 Korea Disease Control and Prevention Agency. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.24171/j.phrp.2020.11.5.07&domain=pdf


Osong Public Health Res Perspect 2020;11(5):309-318310

In 2014, a global estimation showed that there were nearly 
24.1 million pertussis cases and 160,700 deaths related to 
pertussis which occurred in children under 5 years [14]. Since 
the mid-twentieth century, global efforts to control/eradicate 
pertussis began by implementing widespread immunization 
programs [15,16]. Before immunization programs were in place, 
the typical time interval between outbreaks of pertussis was 
every 2 to 3 years which increased to 3 to 4 years following the 
implementation of comprehensive vaccination programs [11,17].

Because of the weakening of vaccine immunity over time, the 
immunity induced by the pertussis vaccine is temporary [18], 
hence, infection in the susceptible population, especially the 
young, will always increase. Subsequently a drop in the level 
of herd immunity concurrent with migration of people from 
other countries could be the cause of outbreaks of pertussis. 
In spite of the increasing trend of registered suspected cases 
of pertussis in Iran [19], there is no information on the level of 
cases in an outbreak which would classify the outbreaks as a 
national epidemic threshold. 

There are many methods to determine the threshold number 
of cases of infectious diseases to cause alarm including absolute 
values/ standard thresholds, relative increase, statistical cut-
off points, and upper control limits of outbreak detection 
methods [20]. The Poisson regression model is an appropriate 
model for a rare response without normal distribution [21]. 
The exponentially weighted moving average (EWMA) method 
is a model used for individual observations. This algorithm 
is weighted average of all past and new data. The Poisson 
regression and the EWMA methods of estimation are accepted 
models in the field of infection outbreak detection and define 
the threshold level where there is cause for alarm. These 
methods are easy to implement and were used to determine 
the upper threshold number of cases or the “alarm threshold” 
for pertussis infection in Iran per 10,000,000 people.

Materials and Methods

1. Data source 

The data was retrieved from the Department of Vaccine-
Preventable Diseases at the Ministry of Health, Iran. This 
national data included all daily suspected cases of pertussis 
from the 25th February 2012 to the 23rd March 2018. Pertussis 
surveillance in Iran is based upon suspected cases. 

A suspected case of pertussis was defined as a patient with 
clinical signs of persistent coughing lasting for 2 weeks and 1 
of the following classical symptoms: (a) paroxysmal coughing, 
(b) inspiratory whooping, or (c) posttussive vomiting. In 
pertussis surveillance, nasopharyngeal swabs are taken from 
all suspected cases of pertussis and transported to the Iranian 

national reference laboratory within 72 hours [in Bordetella-
specific (Bordet-Gengou) transport media] to be confirmed 
by laboratory-based diagnostic methods. The isolation of 
pertussis in samples was performed using PCR. The sensitivity  
and specificity of PCR detection of pertussis has previously 
been estimated to be approximately 100% and 97% respectively 
[22,23]. 

A confirmed case of pertussis was defined as a case with 
clinical symptoms whose diagnosis had been confirmed by a 
laboratory [11]. All suspected clinical cases that have not been 
tested are classified as cases. All confirmed cases are treated. 
Prophylaxis treatment is recommended for contact cases.

2. Methods to establish upper control limits or the “alarm 
thresholds”

2.1. Upper control limits of the EWMA method  
The statistic of the EWMA at time t was defined as follows: 

EWMA t = λYt + (1 − λ) EWMA t−1 (Formula 1)

Where Yt equals the number of suspected cases of pertussis 
in a day of t and λ is the smoothing parameter which includes 0 
< λ ≤ 1. 

By using this method, the upper control limit or the “alarm 
threshold” level was calculated as follows:

Upper Control Limit = EWMA0+ k× σEWMA [20] (Formula 2)
Where k is specified in a way that results in the desired 

confidence interval. In the current study, the k = 2 or 95% 
confidence interval was considered as the desired confidence 
interval [20,24]. σEWMA was the standard deviation of the 
calculated statistics of the EWMA at times t to tn and EWMA0 
was the mean of reported cases in non-outbreak days. In 
other words, EWMA0 and σEWMA were the means and standard 
deviations on the baseline or historical data. In this method 
when the EWMA statistic was more than the upper control 
limit, it was considered as an “alarm” or aberration.

2.2. Definition of the non-outbreak period
Due to the lack of known outbreak periods in the dataset, 

the non-outbreak period was defined. Firstly, the mean (µ) and 
standard deviation (δ) of understudy data were calculated. The 
period with an amount less than µ+2δ were considered as a 
non-outbreak period or target period.

2.3. Upper control limit of the Poisson regression method
To determine the upper control limit, in the first step, the 

expected mean of suspected pertussis cases per day was 
estimated as follows:

µt =αi + βX (Formula 3)
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Where µt was the expected mean of occurred cases at time 
t, and β was the coefficient of X, and X is another factor, which 
are effective factors on the expected mean of pertussis cases. 
In other words, µt is the dependent variable and X is the 
independent or predictor variable. In the current study the 
expected mean was determined after adjusting for day and 
week effects, by entering these factors in the model, and the 
seasonal effect was adjusted by estimating seasonal thresholds. 
After the estimation of expected mean of occurred cases at 
time t (µt), the “alarm threshold” limit was estimated as follow:

“Alarm threshold” limit:                                             (Formula 4)

Where Vt was the variance of estimated mean and it was 
equal to:

Vt: var(α)+ t2 var (β)+2t cov (α, β) [25] (Formula 5)

According to the “alarm threshold” limit formula (Formula 
4), the estimation of the “alarm threshold” level needed 2 
parameters that included µt (expected number or mean of 
occurred cases at time t) and Vt (variance of the estimated 
mean) which were calculated according to Formula 3 and 
5, respectively. In Formula 3 the dependent or response 
variable was the mean of expected cases at time t which was 
calculated from the observed cases. After the estimation of µt 
and Vt, the level of “alarm threshold” for time t was calculated 
according to Formula 4. However, the dataset used was time-
series including a series of count data over time (for example 
3, 4, 8, 9, 11, 12 cases for different days). In this model, by 
considering the reported cases (reported counts) in time t1 
to tn the expected mean (count) or “alarm thresholds” for the 
mentioned time interval, were calculated.

After the calculation of the “alarm threshold” limit for 
each day, because of entering the day and week effect into 
the model, there was a wide range of estimated thresholds 
in different days, so the median of calculated limits was 
considered as an overall threshold. Moreover, the 2.5 and 97.5 
percentiles of the calculated limits were considered as 95% 
coverage for the estimated “alarm threshold.” If the number 
of reported cases was more than upper control limit it can be 
considered as an “alarm” or aberrations.

2.4. Stratum definition 
The defined level of “alarm threshold” was affected by the 

incidence of reported cases. Due to heterogeneity in incidence 
of suspected pertussis cases in different provinces of Iran, it 
was decided that a definition of strata (each stratum includes 
provinces with similar incidence) was needed and the “alarm 
threshold” was calculated in the different stratums. Using SPSS, 
the average incidence of suspected cases per 100,000 for all 

provinces within the study period was classified into 3 strata 
that included high (> 3 cases), moderate (1-3 cases) and low (< 
1 case) per 100,000. Cluster 1 included Zanjan, Qom, Qazvin, 
Mazandaran. Cluster 2 included Yazd, Semnan, Kurdistan, 
Khuzestan, South-Khorasan, North-Khorasan, Kermanshah, 
I lam,  Hamadan,  Golestan,  Is fahan,  East-Azerbaijan, 
Chaharmahal, Busher, Alborz, and Tehran. Cluster 3 included 
West-Azerbaijan, Sistan Baluchestan, Markazi, Lorestan, 
Kohgiluyeh, Razavi-Khorasan, Kerman, Hormozgan, Gilan, Fars, 
and Ardabil.

2.5. Season period
In Iran, the 21st March is the first day of the year and Spring 

begins on the 21st March until the 21st June. Summer begins 
on the 22nd June and lasts until the 22nd September. Autumn is 
from the 23rd September until the 21st December and Winter 
begins on the 22nd December and ends on the 20th March. 

2.6. Adjusting for seasonal effect and population size
To adjust for the seasonal effect, the seasonal specific 

thresholds were defined. Due to different population sizes in 
each stratum, the defined “alarm threshold” can be affected 
by population size in each stratum, so to adjust for this effect, 
the calculated “alarm threshold” in each stratum was divided 
into its population size and multiplied by 10,000,000 people. 
Because of the low incidence of pertussis in Iran to obtain 
tangible quantities for the threshold, the calculation in each 
stratum was performed per 10 million people in the national 
population.

2.7. Statistical analysis
All the statistical analyses to determine the “alarm threshold” 

were performed using Microsoft Excel 2010. To compute the 
expected mean using the Poisson regression method, Stata 
software Version 15 (StataCorp, College Station, TX, USA) was 
used.

Results

1.  Descriptive statistics

From the 25th February 2012 to the 23rd March 2018, there 
were 7,679 total cases of pertussis with an exact date of 
reporting registered across the country, with 7,553 (98.3%) 
having Iranian nationality. There were 4,838 (63%) of total 
cases < 1 year and 2,841 (37%) of total cases were > 1 year. 
Overall, there were 2,577 (33.6%) cases reported in Spring, 
1,714 (22.3%) cases reported in Summer, 1,417 (18.5%) cases 
reported in Autumn and 1,971 (25.6%) cases reported in 
Winter. The highest number of suspected cases of pertussis 
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was reported during the period of the 21st April to the 21st June 
and the lowest number of cases was reported from the 21st 
September to the 20th October (Figure 1A). The mean (standard 
deviation) number of daily reported cases was 3.46 (2.86) from 
2012 to 2018 at the national level (range = 0-23). The median, 
mode, and 3rd quartile of the overall number of suspected and 
confirmed cases of pertussis regardless of the age of cases were 

3, 2, and 5, respectively. Other descriptive statistics according 
to the season and age of cases are shown in Table 1. Moreover, 
the coverage of the third pentavalent vaccine, also known as 
Pent3 (including diphtheria, tetanus, pertussis, hepatitis B 
and Hemophilus Influenza type-b) was more than 95% in the 
Iranian population on 2017. More information is provided in 
Figure 1B.

Figure1. (A) The suspected cases of pertussis in Iran according to month and (B) the average of pentavalent (Pent3) vaccine 
coverage in different provinces of Iran in 2017.

(A)

(B)
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2. The EWMA threshold for aberration detection

The “alarm threshold” for the EWMA was defined as a daily 
occurrence of 8 (7.55) suspected pertussis cases. In other 
words, if the number of reported cases in a day exceeded 8, it 
must be considered as an outbreak or aberration or “alarm.” 
Considering the alarming level of 7.55, there were about 190 
days aberrations from the “alarm threshold” for the reported 
data (Figure 2A). According to this method, the “alarm 
thresholds” for Spring, Summer, Autumn, and Winter were 
estimated as 10, 7, 6 and 8 of suspected cases, respectively. 
The level determined to be the “alarm threshold” according to 
different age groups is shown in Table 2. The estimated “alarm 
threshold” according to population size is shown in Table 3. 
The “alarm thresholds” in the first, second, and third stratum 
were estimated as 3, 5, and 2 cases per day, respectively. 
The “alarm threshold” in the second stratum was higher 
than the first stratum due to a larger population size in the 
former. However, after adjustment for the population size by 
calculating the “alarm threshold” per 10,000,000 people, the 
“alarm threshold” in the first stratum with a higher incidence 
of suspected cases, was higher than the other strata. These 
“alarm thresholds” for the first, second, and third stratum were 
4, 2, and 1 per 10,000,000, respectively (Table 3).

3. The Poisson regression model

The “alarm threshold” for the Poisson regression was defined 
as the daily occurrence of 7.50 (4.48-11.06) suspected pertussis 
cases. In other words, if the number of reported cases in a 
day exceeded 8 cases (95% coverage: 4.48-11.06), it must be 
considered as an outbreak. Considering the estimated range for 
the “alarm threshold,” there were about 140 days’ aberrations 
from the “alarm threshold” (Figure 2B). Accordingly, the level 
for the “alarm threshold” for the Spring, Summer, Autumn, 
and Winter was estimated as 10, 7, 7, and 9 cases of suspected 
pertussis, respectively. The determined level of “alarm 
threshold” according to different age groups is shown in 
Table 2. The “alarm thresholds” in the first, second, and third 
stratum were 4, 6, and 2 cases per day. The “alarm threshold” 
in the second stratum was higher than the first stratum due 
to the larger population size in the former. Nevertheless, 
after adjustment on the “alarm threshold” per 10,000,000 
people, the “alarm threshold” in the first stratum with a higher 
incidence of suspected cases was higher than the other strata. 
The “alarm thresholds” for the first, second, and third‎ stratum 
were 6, 2, and 1 per 10,000,000, respectively (Table 3).

Indices Spring    Summer  Autumn   Winter

Mean (SD)
All ages
≤ 1
> 1

4.59 (3.31)
2.90 (2.27)
1.68 (1.89)

3.07 (2.72)
1.66 (1.62)
1.42 (1.75)

2.62 (2.22)
1.60 (1.64)
1.02 (1.22)

3.53 (2.70)
2.58 (2.05)
1.05 (1.30)

Minimum
All ages
≤ 1
> 1

0
0
0

0
0
0

0
0
0

0
0
0

Maximum
All ages
≤ 1
> 1

22
13
13

21
8

16

11
9
7

23
15

9

Median
All ages
≤ 1
> 1

4
2
1

2
1
1

2
1
1

3
2
1

Mode
All ages
≤ 1
> 1

4
2
1

2
0
0

1
1
0

3
2
0

3rd Quartile
All ages
≤ 1
> 1

6
9
7

4
6
6

4
6
4.48

5
8
4

Table 1. Descriptive statistics of suspected and confirmed cases of pertussis from the 25th February 2012 to the 23rd March 2018 in Iran.
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Discussion

Identification and management of pertussis outbreaks can be 
very difficult because of similar symptoms between pertussis 
and other respiratory infections. There is a lack of an upper 
threshold for pertussis outbreaks which would raise an “alarm 
threshold” to the health authorities in Iran. 

There are many methods for “alarm thresholds” for the 
detection of outbreaks [26-29]. In the current study, the EWMA 

and the Poisson regression models were used. The EWMA 
algorithm has been used to determine and define the “alarm 
threshold” for outbreak detection of other infectious diseases 
in Iran [20,24,30]. The burden of pertussis among infants is 
high [31]. According to the results of this current study, most of 
the suspected cases of pertussis were recorded in those cases 
who were < 1 year similar to a study conducted in Taiwan 
[32]. The highest number of suspected cases of pertussis was 
reported in the Spring and the lowest number was reported 

Figure 2.  Line plot of reported cases of suspected pertussis (values) from 25 February 2012 to 23 March 2018 and 
corresponding levels of overall alarm threshold according to (A) EWMA algorithm and (B) Poisson regression algorithm (red 
lines).

(A)

(B)
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Indices Poisson median (range) 95% coverage EWMA*  

Overall All ages 
≤ 1
> 1

7.50 (4.48-11.06)
5.59 (3.55-8.22)
3.90 (2.20-6.36)

7.55
5.23
3.28

Spring All ages 
≤ 1
> 1

9.82 (6.87-11.51)
7.04 (4.93-8.80)
4.80 (3.41-6.95)

9.36
6.22
4.06

Summer All ages 
≤ 1
> 1

7.01 (4.88-11.84)
4.50 (3.38-7.14)
4.22 (2.95-6.87)

6.65
3.85
3.39

Autumn All ages 
≤ 1
>1

6.49 (5.14-8.37)
4.68 (3.45-6.47)
3.51 (1.97-4.97)

5.90
3.66
2.66

Winter All ages 
≤ 1
> 1

8.40 (4.17-10.91)
6.51 (4.14-8.29)
3.65 (1.98-5.11)

7.24
5.66
2.69

* Exponentially weighted moving average.

Table 2. Estimated levels of “alarm thresholds” of pertussis outbreak at national level in Iran.

Stratum  Indices Poisson median 
(95% coverage)

Poisson median
(per 10,000,000) (95% coverage)

EWMA * EWMA
(per 10,000,000)

Stratum 1
Total population:
(7,000,000)

Overall 3.55
(2.19-5.46)

5.07
(3.13-7.80)

2.68 3.83

Spring 4.09
(2.98-5.84)

5.84
(4.26-8.34)

3.39 4.84

Summer 3.38
(2.52-6.10)

4.83
(3.60-8.71)

2.62 3.74

Autumn 3.28
(2.47-4.02)

4.69
(3.53-5.74)

2.54 3.63

Winter 3.56
(2.00-4.77)

5.09
(2.86-6.81)

2.56 3.66

Stratum 2
Total population:
(43,000,000)

Overall 5.45
(3.50-7.62)

1.27
(0.81-1.77)

5.01 1.17

Spring 6.58
(4.94-8.40)

1.53
(1.15-1.95)

5.86 1.36

Summer 4.65
(3.40-7.14)

1.08
(1.08-1.66)

4.26 0.99

Autumn 4.32
(3.22-6.36)

1.00
(0.75-1.48)

4.35 1.01

Winter 6.09
(4.02-7.70)

1.42
(0.93-1.79) 

5.33 1.24

Stratum 3
Total population:
(30,000,000)

Overall 2.01
(1.15-3.11)

0.67
(0.38-1.04)

1.08 0.36

Spring 2.51
(1.54-3.52)

0.84
(0.51-1.17)

1.67 0.56

Summer 2.03
(1.18-2.93)

0.68
(0.39-0.98)

1.04 0.35

Autumn 1.77
(1.31-2.31)

0.59
(0.44-0.77)

0.99 0.33

Winter 1.98
(1.05-2.63)

0.66
(0.35-0.88)

1.02 0.34

* Exponentially weighted moving average.

Table 3. Estimated levels of “alarm thresholds” of the pertussis outbreak in all age groups in different clusters according to the incidence of 
suspected cases.
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in the Autumn. The mean (SD) number of suspected cases 
was 3.46 (2.86) cases a day. Each year, most of the cases were 
reported from the 21st April to the 21st June, and the lowest 
cases were reported from the 23rd September to the 22nd 
October. The highest incidence of pertussis cases was reported 
in August in the USA in a study between 1990 to 2003 [33]. In 
another study in Korea, the highest incidence of non-confirmed 
cases was registered between March and June [34]. The results 
of a study in Iran showed that the highest cases of pertussis 
were reported during the Winter and Spring [11]. Other studies 
in Italy and Australia showed that the highest and lowest 
incidence of pertussis was seen in the Spring/Summer and 
in the Autumn/Winter, respectively [35]. Furthermore, the 
peak of the number of pertussis cases in Australia was seen 
in the Summer [36]. The seasonal pattern of many infectious 
diseases is poorly understood. Possible factors include changes 
in environmental factors that favor conditions for growth, 
and survival of the microorganisms in the environment, or 
maybe changes in host behaviors such as going to overcrowded 
places, thereby allowing contact with other people facilitating 
pathogen transmission [37]. Factors such as return to school 
and aggregation of susceptible students in schools appear 
to be important in the seasonal trend of pertussis incidence 
[16]. Although, some studies have reported no significant 
association between school reopening and seasonal trends 
of pertussis infection [34]. Fluctuations in the incidence of 
reported cases can also be due to the transmission of pertussis 
across age groups [11].

By applying the EWMA estimation method to determine 
the upper threshold number of pertussis cases that would 
constitute an outbreak to the national surveillance system data, 
the “alarm threshold” for pertussis outbreaks, indicated there 
was 7.55 cases per day, per 10,000,000 people. It means that if 
the number of reported suspected cases at the national level 
exceeded 8 cases per day, it should be regarded as an alarm. 
The EWMA estimation model performed well in the timely 
detection of influenza outbreaks [30,38]. 

The Poisson regression method, estimated the overall 
“alarm threshold” was 7.50 (4.48-11.06) cases per day, per 
10,000,000 people. It means that the upper threshold, the 
“alarm threshold” is 8 cases per day, but with a conservative 
approach, 5 cases per day can also be considered in the range 
of the “alarm threshold.” The Poisson regression method of 
estimation was reported to have had the best performance in 
aberration detection of high-count data [39]. The estimated 
“alarm threshold” by the 2 methods was affected by the 
number of registered cases. A higher number of diagnosed 
cases can increase the “alarm threshold” therefore, the 
estimated level for alarm is in accordance with the current 
sensitivity of the surveillance system, and can be changed in 
the future. In other words, improvement of sensitivity of the 

surveillance system or improvement of the number of reported 
cases by physicians or healthcare workers will potentially 
increase the “alarm threshold” in the future. Similarly, the 
detected aberration using these thresholds can be affected 
by the performance of physicians and health care workers 
when it is not a real outbreak. According to the results of both 
the EWMA and the Poisson regression methods, the “alarm 
thresholds” for Summer and Autumn were less than the rest 
of the year. The difference of “alarm threshold” between 
seasons was affected by the seasonal incidence of reported 
cases. Due to the lower incidence of pertussis cases in Summer 
and Autumn, the “alarm threshold” for these seasons was 
typically lower than the other seasons. This finding was also 
observed across the strata. The estimated “alarm threshold” in 
each stratum was affected by the stratum-specific population 
size. For example, the estimated “alarm threshold” in the 
second stratum with lower incidence was higher than the first 
stratum with higher incidence, due to the higher population 
size. This means that the estimated “alarm threshold” in the 
second ‎ stratum was per 43 million people, while the “alarm 
threshold” in the first ‎ stratum was estimated per 7 million 
people. After adjusting population size and calculation of 
the “alarm threshold” per 10 million people, the “alarm 
threshold” in the first ‎stratum was higher than the other strata. 
It should be noted that the different incidence proportions 
and consequently the different threshold levels, cannot be 
due to the vaccination coverage. This is because the level of 
vaccination coverage in all provinces of Iran was similar at 
more than 95% [40] (the population immunity level in Iran 
was acceptable). In a population without herd immunity or 
low coverage of vaccine programs, outbreaks of transmissible 
diseases are inevitable. So, increasing the population immunity 
level or reaching herd immunity can prevent infectious disease 
epidemics and outbreaks. By considering high vaccine coverage 
in Iran, determination of the level of the “alarm threshold” of 
aberrations may be very helpful for health policymakers for 
the management of the outbreak, interventions, and efficacy 
and effectiveness of vaccination programs. Early warning of 
outbreaks can lead to prophylactic action for at risk people and 
prevention of outbreaks across the country. Aberrations from 
the normal trend may be due to wanes in vaccine protection 
over time, so the health policymakers may implement the use 
of additional booster doses of pertussis vaccines in adolescents 
and adults to reduce the number of incident cases to prevent 
the transmission of infection to infants. Therefore, having 
information about the numbers of cases indicating “alarm 
threshold” during each season may play an important role in 
the timely detection of outbreaks. Policymakers and public 
health practitioners can make timely decisions to control for 
possible outbreaks with having information about the possible 
“alarm thresholds.” These decisions may include forming 
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an outbreak investigation team, and taking steps to confirm 
the diagnosis, and confirm the existence of an outbreak or 
epidemic. 

The current study was limited by the sensitivity of the 
surveillance system which was not the same in different 
provinces of Iran, so the validity of the estimated upper 
thresholds by using 2 methods depended on the quality 
of the registered data. Therefore, underestimation of the 
actual number of cases by the surveillance system may have 
influenced the estimations. In addition, there was no clear 
target or baseline period to calculate the upper control limit, 
so the researcher determined this period according to available 
data. Moreover, the data was incomplete on confirmed cases of 
pertussis so, the data of suspected cases of the pertussis were 
used. Considering these limitations, the determined “alarm 
threshold” in the present study may be useful in the early 
warning of aberrations. 

Conclusion

The EWMA and the Poisson regression methods may be 
used to estimate “alarm thresholds” for an outbreak or early 
detection of aberrations from the normal trend of infectious 
diseases. It should be considered that the estimated thresholds 
may change over time because of the improvement in the 
sensitivity of the surveillance system and the increasing 
number of registered cases. Hence, refining the definition 
of the upper threshold or “alarm threshold” periodically, by 
considering the sensitivity of the surveillance system, would be 
warranted. Furthermore, it is recommended that besides using 
more than 1 method of estimation of upper thresholds, other 
methods are used to determine the level of “alarm threshold” 
of pertussis outbreaks in Iran and other countries. 
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