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Abstract
Objectives: During recent decades, there has been limited attention on the
seasonal pattern of pertussis within a high vaccine coverage population. This
study aimed to compare the seasonal patterns of clinical suspected pertussis
cases with those of laboratory confirmed cases in Iran.
Methods: The current study was conducted using time series methods. Time
variables included months and seasons during 2011e2013. The effects of seasons
and months on the incidence of pertussis were estimated using analysis of
variance or KruskaleWallis.
Results: The maximum average incidence of clinically confirmed pertussis was
23.3 in July (p Z 0.04), but the maximum incidence of clinical suspected
pertussis was 115.7 in May (p Z 0.6). The maximum seasonal incidences of
confirmed and clinical pertussis cases were reported in summer (average: 12,
p Z 0.004), and winter (average: 108.1; p Z 0.4), respectively.
Conclusion: The present study showed that the seasonal pattern of laboratory
confirmed pertussis cases is highly definite and different from the pattern of
clinical suspected cases.
1. Introduction

Pertussis is an acute communicable respiratory

infection and a vaccine preventable disease which is one

of the main public health concerns. This infection is

caused by Bordetella pertussis and causes chronic cough
. Moosazadeh).
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in children, adults, and older people [1e3]. Pertussis is a

common infection in both children and adults, and is

transmitted through respiratory droplets [2]. Parents and

other family members are the main sources of infection

for neonates. Newborns may also be accidentally

infected by asymptomatic adults [4].
Published by Elsevier Korea LLC. This is an open access article
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Pertussis is a mild to moderate disease among

teenagers and adolescents, with rare serious complica-

tions, although, these age groups are considered as the

main reservoirs within the community and the major

factor of transmission particularly to the infants [5]. By

contrast, the degree of severity, rate of hospitalization,

pneumonia, apnea, epilepsy, encephalopathy, and death

are more common among neonates in comparison with

the other age groups. This infection is diagnosed by

microbial culture or polymerase chain reaction (PCR)

of nasopharyngeal swab samples, as well as serum anti-

Bordetella antibody titration. Early detection and

treatment during primary stages can shorten the clinical

and transmission phase of the disease [6].

At the beginning of the 20th century and before the

widespread implementation of vaccination programs,

pertussis epidemics occurred every 2e3 years [7]. After

introducing vaccines in 1950, remarkable reductions

were observed in the incidence of the disease. In

countries with high vaccination coverage, an outbreak of

pertussis has occurred every 3e4 years [8]. Iran is a

country with high vaccine coverage. The pertussis

vaccination during the last decades has been increased

so that the coverage for 1991, 1992, and 2010 was re-

ported as of 87%, 95%, and 99%, respectively [6].

Seasonality is a general phenomenon among infec-

tious diseases, but its mechanism has not been

completely detected [9]. The main focuses in the sea-

sonal pattern of respiratory pathogens are survival of the

pathogen outside the host, host behavior, and its degree

of immunization [10].

Many studies investigating the seasonal patterns of

infectious diseases have reported that the incidences of

most respiratory infections are changing seasonally. As

a matter of fact, season may play a critical role in the

mechanism of transmission and survival of the infec-

tious agent by providing an optimal environment and

host [11e13]. The seasonal pattern of pertussis has been

reported in a study by Greeff et al [7] during a low

vaccine coverage period of time. The maximum inci-

dence of pertussis was observed in the USA in August

[11]. That was the case for all age groups except for

people aged 13e18 in August in the Netherlands [7].

Understanding the seasonal pattern of pertussis can

help us to predict future health problems, plan effective

public health programs, determine goals and strategies,

and finally, use the available resources more effectively

[12]. In addition, seasonality signals the time of disease

rising, and thus leads to an appropriate decision being

made for the future [14,15].

The above mentioned facts indicate that only limited

investigations have been performed about the seasonal

pattern of pertussis within a high vaccine coverage

population, while study of the seasonal pattern of

pertussis can reveal important modes of disease trans-

mission and introduce a viewpoint for potential effects

of vaccination strategies in the future. According to the
role of the detection of seasonality in the awareness of

the dynamics of infectious diseases, and particularly

promotion in the management of a pertussis surveillance

system, this study aims to compare the seasonal patterns

of the laboratory confirmed and clinical suspected cases

of pertussis in Iran.
2. Materials and methods

In this longitudinal time series approached study, we

used pertussis surveillance system data provided from

the Iranian Center for Diseases Control. Based on

ethical considerations, names of all cases were deleted

from the dataset. These data included all notified

pertussis cases, laboratory confirmed cases, and clini-

cally diagnosed cases. Nasopharyngeal swabs were

taken from all notified pertussis cases and transferred to

the national reference laboratory (Pasteur Institute)

during 72 hours using the Bordetella-specific (Bordet-

Gengou) transport environment to be confirmed by

laboratory-based diagnostic methods. Isolation of

samples was done using the gold standard method of

microbial culture or PCR. Each patient with related

clinical signs [a cough illness of �2 weeks duration

and one of the following classical symptoms: (1)

paroxysmal coughing; (2) inspiratory whooping; or (3)

posttussive vomiting] and symptoms without laboratory

confirmation was considered as a clinical suspected

case [2,16]. A confirmed case was introduced as each

clinical case whose diagnosis been laboratory

confirmed [2].

This study was conducted from 2011 to 2013

including 36 monthly time points. A time variable was

defined as each of the months and seasons of

2011e2013. To measure the cumulative occurrence of

monthly cases, daily incident cases in each month were

summed. Moreover, seasonal patterns of the total

notified cases, confirmed cases, and clinical cases of

different months were compared according to different

age groups (<2 months, 2e11 months, 1e5 years,

6e10 years, >10 years). Seasons were defined as

spring (AprileJune), summer (JulyeSeptember),

autumn (OctobereDecember), and winter

(JanuaryeMarch).

We received all required data from the Iranian

Ministry of Health and Medical Education within Excel

spreadsheets and transferred them into SPSS 20 (SPSS

Inc., Chicago IL) software after refining. The effects of

season and month on the occurrence of notified,

confirmed, and clinical cases were estimated using

analysis of variance (when normality assumption was

met) or KruskaleWallis (when normality assumption

did not meet) tests. When these tests were statistically

significant, LSD post hoc test was used to compare the

results between different subgroups. A p value <0.05

was considered statistically significant.
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3. Results

During 2011e2013, 3,629 suspected pertussis cases

were reported; of these, 239 (6.6%) were laboratory

confirmed and 3,390 (934%) were considered as cases

with clinical diagnosis.

Figures 1 and 2 illustrate the time series data

regarding laboratory confirmed and clinical suspected

cases during the study period. These graphs show that

laboratory confirmed data, in contrast to clinical sus-

pected data, had regular patterns.

The average number of pertussis cases/month (total

cases) differed from at least 63.3 (September) to at most

135 (July) (Figure 3). No significant differences were

found between different months with regard to the total

notified cases (p Z 0.4). The minimum number of total

cases were reported in autumn (mean Z 80) and the

maximum number of reported cases were in winter

(mean Z 110.9), without any significant difference be-

tween seasons (p Z 0.3) (Figure 4).

The minimum number of cases of confirmed pertussis

were reported in February (mean Z 1/month) and most

cases were reported in July (mean Z 23.3) (Figure 3).

The observed differences were statistically significant

(p Z 0.04). Figure 4 illustrates that the average seasonal

distributions of confirmed cases varied between 1.8 and

12 cases for autumn and summer, respectively

(p Z 0.004).

Figure 3 shows that the minimum and maximum

average incidences of clinical pertussis were 60 cases in

September and 115.7 cases in May, respectively

(p Z 0.6). Most clinical cases of pertussis were notified

in winter (108.1 cases). No statistically significant
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Figure 1. Time series plot of r
difference was observed (p Z 0.4) between the average

cases reported in winter and other seasons (Figure 4).

Table 1 shows that the highest seasonal incidences of

clinical pertussis were observed among children aged

<2 months (in average 32.9 cases) and 2e11 months (in

average 41.8 cases) in winter, and among children aged

1e5 years (in average 13.7 cases), 6e10 years (in

average 11.7 cases), and >10 years (in average 18.9

cases) in the summer. None of the differences were

statistically significant (p > 0.05). In spring, children

<2 months and >10 years had the most incidences of

confirmed pertussis (in average 4.4 cases and 1.4 cases,

respectively). The corresponding figures for summer

were 4.3 cases (2e11 months), 1.57 cases (1e5 years),

and one case (6e10 years). The seasonal differences for

children aged 2e11 months (p Z 0.04) and 6e10 years

(p Z 0.03) were statistically significant. According to a

post hoc test, the average numbers of incident cases

among children aged 2e11 years differed between

autumn and summer (p Z 0.009) and also differed be-

tween summer and winter (p Z 0.045). In addition,

statistically significant differences were observed be-

tween 6e10-year-olds incident cases in summer and

autumn (p Z 0.02) as well as summer and winter

(p Z 0.02).
4. Discussion

A study of the seasonal pattern of pertussis cases in

Iran showed that most cases of clinical pertussis were

reported in winter and spring seasons, as well as May

and July months. The minimum number of cases were
3632282420
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Figure 2. Time series plot of raw data of suspected cases.
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notified in autumn and September. These seasonal and

monthly differences were not statistically significant,

but the seasonal differences observed between the

confirmed cases in summer and spring (maximum inci-

dence) and autumn (minimum incidence) were statisti-

cally significant. That was the case for monthly

differences between July (maximum) and February and

December (minimum). Moreover, trends of confirmed

cases and clinical cases differed with regard to age

groups and the peak incidence of confirmed pertussis

cases was spring and summer among children

< 2 months. The differences between the optimum and

the lowest seasonal means of confirmed incident cases

were much more than those of clinical cases.
Figure 3. Monthly means of pe
In an epidemiological study investigating the

125 years trend of pertussis in Italy, the incident rate of

death decreased from 42.5/100,000 populations in 1890

to zero in 2002 and no cases have been reported until

now. Moreover, the incidence of pertussis disease

decreased from 86.3/100,000 in 1927 to 1/100,000 in

2008. The optimum annual periodicity in the occurrence

of pertussis in Italy was between March and August

(spring/summer), while the lowest incidence rate was

reported between September and February (autumn/

winter), which is similar to the seasonal patterns

observed in the current study [17]. A study in Australia

indicated that pertussis remains a seasonal illness, with

annual peaks in the summer months [18].
rtussis cases reported in Iran.



Figure 4. Seasonal pattern of pertussis cases reported in Iran, 2011e2013.
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In another study about the epidemiological aspects of

pertussis among adults in South Korea, of 490 registered

patients, 34 (6.9%) were PCR or culture positive. In that

study, the peak incidences of confirmed cases occurred

in February (15.8%) and August (15.9%), while the peak

incidence of nonconfirmed cases was between March

and June, which is in contrast to our results [16].

An investigation of the seasonal pattern of pertussis

and its periodic trend in the Netherlands showed that the

monthly incidence of notified cases was slightly

increased from January 1996 to June 2006. The peak
Table 1. Seasonal differences in incidence of pertussis cases re

Variable Spring Summ

Mean SD Mean

Total of pertussis

cases reported

<2 mo 28 17.4 24.1

2e11 mo 41.6 24.3 33.3

1e5 y 11.1 3.3 15.2

6e10 y 9.8 6.6 12.7

>10 y 16.9 12.5 19.7

Laboratory confirmed

cases

<2 mo 4.4 5.1 4.3

2e11 mo 2.9 2.9 4.3

1e5 y 0.44 0.72 1.57

6e10 y 0.78 1.09 1

>10 y 1.4 1.9 0.8

Clinically suspected

cases

<2 mo 23.6 16.9 19.8

2e11 mo 38.7 24.7 29

1e5 y 10.7 3.2 13.7

6e10 y 9 5.6 11.7

>10 y 15.4 11.2 18.9

ANOVA Z analysis of variance; SD Z standard deviation.
incidence was reported in August for all age groups,

except for the 13e18 years age group, whose peak

incidence was in November which is not in agreement

with the observed pattern of the current study. In addi-

tion, no evidence of association between the increased

incidence and the reopening of schools was found [7]. In

the USA, Shah et al [11] found that the peak incidence

of confirmed pertussis was in August. Most of the

studies introduced the second month of summer as the

time for peak incidence of confirmed cases, while this

time in our study was the first month of summer.
ported by age group in Iran.

er Autumn Winter

ANOVA/

KruskaleWallis

SD Mean SD Mean SD p

13.7 18.1 15.4 34.1 10.4 0.142

19.3 30.3 21.1 43.1 5.3 0.420

6.7 13.1 5.2 12.4 3.04 0.345

8.05 7.6 2.9 8.7 2.4 0.257

11.8 10.9 6.2 12.6 5.4 0.212

6.02 1 0.87 1.22 1.3 0.134

5.2 0.33 0.5 1.33 1.3 0.046

2.2 0.22 0.44 0.11 1.23 0.55

1.3 0 e 0 e 0.032

1.6 0.22 0.4 0.1 0.3 0.125

11.7 17.1 15.6 32.9 10.9 0.111

16.9 30 21.3 41.8 5.02 0.384

5.4 12.9 5.3 12.3 3.1 0.533

7.8 7.6 2.9 8.7 2.4 0.397

11.6 10.7 6.2 12.4 5.2 0.250
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Although the month of the peak incidence in Iran

differed from that of similar studies, the seasonal pat-

terns of most of the above mentioned studies were in

keeping with that observed in our study.

It has been reported that the reopening of schools

and consequently crowding of susceptible students, is

one of the main factors of the seasonal spread of

measles. This factor may play a similar function in the

seasonal increase in the incidence of pertussis [7].

However, no association was found between the sea-

sonal peak of disease incidence and reopening of

schools in the current and other similar studies. It

should also be noted that the high coverage of vacci-

nation against pertussis may increase the interepidemic

interval by reducing the effective reproduction number

[7]. In addition, the fluctuations in the incidence of

pertussis among adults and neonates can indicate the

transmissions within age groups.

There was a prominent seasonal pattern of

confirmed pertussis cases, especially among children

< 2 months e with no experience of vaccination e and

the 2e11 months age group who received at most three

doses of pertussis vaccine. There are several explana-

tions for these reasons. First, newborns do not have any

immunity against pertussis and three doses of vaccine

cannot provide effective immunity during the 1st year

of life and the incidence of the disease is higher in this

age group compare to the others. Moreover, it may be

due to different clinical signs and symptoms in neo-

nates, adolescents, and adults, i.e., neonates have

typical symptoms leading to better diagnosis in these

groups. By contrast, chronic coughs in adults may be

ignored leading the diagnosis being missed. In a study

assessing the clinical and epidemiological aspects of

pertussis among 1,047 patients, 102 (9.49%) was

diagnosed using the PCR method. Of these, 94.2% of

admitted patients and 42.8% of outpatients were

< 6 months. The outcome was poor in 23.1% of chil-

dren who did not experience vaccination (case fatality

rate was 4.9%). Those results indicated that pertussis

affects mainly children < 6 months, those received no

vaccine, or less than three doses [2].

Low immunity against pertussis is another explana-

tion of the high incidence of disease among neonates

and children aged < 1 year. Plans et al [19] showed that

antipertussis antibody is undetectable among 27% of

Spanish newborns due to very low levels of maternal

antibodies. They also reported that 1.8% of laborers had

evidence of recent pertussis infection. These results are

consistent with the current results which indicated high

incidence of pertussis among newborns.

In the study conducted by Bellettini et al [20], of 222

investigated patients, 72.5% had developed confirmed

pertussis, 60.9% of them aged < 1 month. Cyanosis was

observed to be an independent predictor of pertussis

(OR Z 8; 95% CI Z 1.8e36.3) among

children < 6 months. This specific symptom in neonates
caused more attention of physicians on the diagnosis of

pertussis, leading to a greater case detection rate, while

the symptoms are not specific among adults [20]. Eidlitz-

Markus et al [21] studied 60 pertussis patients aged

7e18 years old and 20 infants < 6 months, and observed

no differences between the two age groups during day and

night with regard to cough and vomiting. Older children

had been diagnosed later than the others. In addition,

whooping cough, redness and flushing during cough,

cyanosis, leukocytosis, lymphocytosis, and abnormal

chest X-ray were seen in higher rates in neonates than in

older children. These specific characteristics helped

earlier diagnosis among newborns, explaining some dif-

ferences in the incidence of disease among different age

groups [21]. Little attention of physicians to the pertussis

during chronic coughs in adults is another reason of

underreporting pertussis among this age group and

caused low detection of their seasonal pattern. Results of

a serosurvey demonstrated that 20e30% of adults with

chronic cough for> 2 weeks may develop pertussis [22].

Using antibiotics for some patients before sample

collection, delay in sample transportation, and probable

use of expired transport mediums are some limitations

of our study which potentially cause false negative re-

sults. Although these limitations are due to random er-

rors and may be similar in both confirmed and clinical

groups, the power of the statistical tests for comparison

of cases among seasons, months and age groups has

been decreased because of reduction in laboratory

confirmed cases.

In conclusion, our study provided clear evidence that

the incidence of confirmed pertussis follows a definite

seasonal pattern, different from the pattern of clinical

pertussis. Moreover, seasonal incidence of confirmed

cases is prominent in accordance with age. Therefore, it

is highly advised that during the seasons with more

cases, all parts of the surveillance system should be

designed appropriate programs for active case finding

and early treatment of cases in order to rapidly control

the reservoirs of infection, as well as to limit the severity

and complications within community, especially among

newborns.
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