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 Abstract 
  Background:  Guillain-Barré syndrome (GBS) is an acute inflammatory polyneuropathy, 
which has become the most common cause of acute flaccid paralysis. An accurate estimation 
of GBS occurrence would be useful for investigating the potential causal relationships be-
tween risk factors and GBS. The aim of the study was to analyze the incidence, annual time 
trend, and some epidemiological aspects of GBS in children in the Southwest of Iran.  Meth-
ods:  This was a retrospective study conducted by the Department of Pediatrics of Ahvaz 
Jundishapur University of Medical Sciences from January 2006 to December 2015. We ex-
tracted data from the national database of Acute Flaccid Paralysis Surveillance System.  Re-
sults:  A total of 184 subjects with GBS were assessed. The mean age of subjects was 5.43 ± 
4.07 years. The average annual incidence rate of GBS was 1.51 per 100,000 children under 15 
years old (95% CI: 1.29–1.73). There was no significant statistical difference in GBS incidence 
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   What Is It about? 

Guillain-Barré syndrome (GBS) is an acute inflammatory polyneuropathy. Since the noticeable decline 
in poliomyelitis, GBS has become the most common cause of acute flaccid paralysis in the population. 
An accurate estimation of GBS occurrence would be useful for investigating the potential causal rela-
tionships between risk factors and GBS. In this study, we have demonstrated the incidence, annual time 
trend, and some epidemiological aspects of GBS in children in the Southwest of Iran. The findings indi-
cated that the annual incidence rate of GBS in this study was similar to those in other studies in this 
area.
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rate between girls and boys ( p  = 0.376). The highest and lowest proportions of the GBS oc-
currences were in autumn (32.2%) and summer (14.7%), respectively.  Conclusions:  The find-
ings indicated that the annual incidence rate of GBS in this study was similar to those in 
other studies in this area. 
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 Introduction 

 Since the noticeable decline in poliomyelitis, Guillain-Barré syndrome (GBS) has become 
the most common cause of acute flaccid paralysis (AFP) in the population. GBS is an acute 
inflammatory polyneuropathy causing limb weakness that progresses over a time period of 
days or up to 4 weeks  [1, 2] . 

  Although the pathogenesis of GBS remains somewhat unknown, there is increasing indi-
cation that it is an autoimmune disease, evoked by an antecedent infection cross-reaction 
with peripheral nerve components because of molecular mimicry  [3, 4] .

   In addition, it has been suggested that infections and vaccinations increase the risk of 
GBS. More recently, the findings of an international study reported an increased risk for GBS, 
following the H1N1 vaccination  [5, 6] . In addition, there have been emerging patterns of other 
possible sources, for example some researchers have recently reported that the Zika fever 
epidemic has resulted in an increase in the annual incidence of GBS  [7] .

  GBS is a universal disease; however, its epidemiological features are different depending 
on the area. Numerous studies about the epidemiological features of GBS yield a wide range 
of minor to major differences. Insight into the incidence of GBS is important for the determi-
nation of trend in relation to epidemiological features, such as age, sex, seasonal variation, 
and geographical location, and to identify any changes in occurrence following exposure to 
any new environmental agents. The overall incidence of GBS has been estimated to be 1–2 
cases per 100,000 in children under 15 years old  [8–10] .

  Owing to significant outbreaks of GBS in different areas, it is necessary to determine the 
epidemiological characteristics and clinical features of GBS in every country; As a result, it is 
increasingly important to evaluate the incidence rate of GBS accurately. The findings of many 
studies have shown valuable epidemiological data in evaluating the incidence of GBS in 
various populations. Epidemiological surveillance of GBS is relevant because large and small 
epidemics due to vaccines and infections, and variations in incidence between age groups are 
present  [11] .

  The knowledge of GBS incidence is important and it might provide evidence for identifi-
cation of possible etiological factors that are associated with this syndrome. The aim of this 
study was to demonstrate the incidence and other epidemiological aspects of GBS in children 
of Khuzestan province, Southwest of Iran, in a 10-year period, from 2006 to 2015. This is the 
first study that investigated the epidemiology of GBS in children under 15 years in Khuzestan 
province.

  Material and Methods 

 In this retrospective study, all children under 15 years old with GBS were studied. These 
patients were diagnosed and ascertained as GBS among all children with AFP documented by 
the Poliomyelitis Surveillance Program during a 10-year period from January 2006 to 
December 2015.
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  All data of cases with AFP including demographics, living area (rural or urban), vacci-
nation status, history of any recent infection, fever, pain and time of beginning of motor 
weakness and its pattern of progression were recorded in previously prepared specific forms 
for AFP cases. Patients were examined and evaluated by local health workers, general physi-
cians, and pediatricians, and were checked finally by pediatric neurologists in the central part 
of the province. Nearly all patients were admitted to pediatric wards of local hospitals. Most 
of especially problematic cases were transferred to central province hospitals. Evaluation 
including detailed medical history, physical exam, and paraclinical tests such as CBC, 
biochemical and cerebrospinal fluid analysis and stool sample especially for polio virus, elec-
tromyography, nerve conduction velocity, neuroimaging, and other tests according to 
patients’ situations were done. The diagnosis of GBS was made according to the clinical 
criteria defined and introduced by Fokke: presence of roughly symmetrical motor weakness 
over a period ranging from days to 4 weeks, and decrease or absence of deep tendon reflexes 
in association with appropriate clinical evaluation  [12] .

  Appropriate treatment including IVIG, plasmapheresis or other classic treatments were 
prescribed by medical doctors. After discharge from hospital, patients were followed up by 
health workers for any sequela for at least 60 days. All records from province hospitals were 
referred to AFP committee for reevaluation and signing by committee members including 
pediatric neurologist, pediatric infectious subspecialist and head of province health office. 
The completed forms were sent to central health deputy of ministry of health and medical 
education (national AFP committee). These records have been translated into Farsi by health 
deputy of ministry of health and medical education of Iran and have been distributed 
throughout country under supervision of central and province AFP committees.

  The Khuzestan province is located in the Southwest of Iran; and has a hot and dry climate. 
The general population in the Khuzestan province, according to census data of the National 
Statistical Department of Iran, was about 4,600,000 people, of which approximately 1,250,000 
were less than 15 years old during the study period. Population data were obtained from the 
Statistical Center of Iran  [13] .

  The annual incidence rates were calculated as the total number of the recorded GBS cases 
each year divided by children less than 15 years old in that year multiplied by 100,000. The 
analyses were performed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). Frequency and 
percentages were used for categorical variables. The χ 2  test and Poisson regression analysis 
were used to compare different variables. A  p  value <0.05 was considered statistically signif-
icant.

  Results 

 During the 10-year period that was studied, a total of 184 children (99 boys, 85 girls) 
were diagnosed and ascertained with GBS in Ahvaz Jundishapur University of Medical 
Sciences, Khuzestan province, Iran. The male/female ratio was 1.16:   1. The mean age of 
patients was 5.43 ± 4.07 years. The mean age was slightly higher in boys compared to girls 
(5.96 ± 4.05 vs. 4.81 ± 4.01).

  The age distribution of patients is shown in  Figure 1 . Most cases of GBS (96 of 184 cases 
– 52%) occurred in children under 5 years of age compared to children older than 5 years old. 
Overall, a decreasing trend was observed for the frequency of the syndrome in the children 
of the region, with an increase in age. 

  The average crude incidence rate of GBS for the whole period of 2006–2015 was 1.51 per 
100,000 populations per year (95% CI: 1.29–1.73); 1.52 per year (95% CI: 1.23–1.83) for 
boys and 1.43 per year (95% CI: 1.13–1.73) for girls. The annual incidence rate was rather 
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stable over the whole 10-year period, varying from 1.23 in 2006, to 2.61 in 2010, and 0.79 in 
2015 ( Fig. 2 ).

  The comparison of annual GBS incidence and risk based on years is shown in  Table 1 . 
There was an unexpectedly high incidence of GBS between 2009 and 2010 compared with 
other years in the region ( Table 1 ;  Fig. 2 ).

  The comparison of GBS incidence and risk based on age and gender is shown in  Table 2 . 
Based on the Poisson regression analysis test, the risk of GBS among children less than 5 years 
old is significantly greater than that of children 5–9 years of age, and 10–14 years of age ( p  = 
0.002 and  p  = 0.001, respectively). However, the GBS incidence rate among the girls and boys 
did not show a significant statistical difference ( p  = 0.376). The proportion of children who 
came from urban and rural areas was 72.8 and 27.6%, respectively. Given that approximately 
two-thirds of the general population lived in urban areas, the average incidence rate for the 
urban children was 1.62, and for rural children was 1.28 per 100,000 people per year. The 
GBS incidence rate among the urban and rural children did not show a significant statistical 
difference ( p  = 0.093). 
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  Fig. 1.  Number of GBS diagnoses per age group in Southwest Iran from 2006 to 2015. 

  Fig. 2.  Annual number of GBS di-
agnoses in Southwest Iran, from 
2006 to 2015. 
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  The seasonal variation of GBS cases was as follows: in autumn 32.2%, in winter 26.6%, 
in spring 25.5%, and in summer 14.7%. The number of cases that occurred in autumn was 
more than double the number of cases that occurred in summer. The seasonal variations in 
GBS occurrence was found to be statistically significant ( p  = 0.001).

  Discussion 

 The study provided an extensive regional assessment of the GBS epidemiology over a 
period of 10 years in the Southwest of Iran. Prior to this, several studies on GBS in other 
region of Iran were done, but few of these studies assessed the epidemiology of GBS in children 
less than 15 years of age. The study estimated the incidence and trend time of the GBS in 
children less than 15 years in a 10-year period.

  In this study, we found that the annual incidence rate of GBS among children aged <15 
years was 1.51/100,000 population (95% CI: 1.29–1.73). This rate was slightly higher than 
the upper limit of the reported international range of 0.40–1.40 cases/100,000 children aged 
<15 years  [11] .

 Table 1.  Annual GBS incidence rate/100,000 population <15 years of age, Southwest Iran, 2006 – 2015

Year Cases, 
n

Population Incidence 
per 100,000

Relative risk (95% CI) p value

2006 15 1,221,257 1.23 1.55 (0.69 – 3.45) 0.188
2007 14 1,210,868 1.16 1.56 (0.70 – 3.48) 0.183
2008 20 1,202,057 1.66 1.47 (0.65 – 3.31) 0.232
2009 30  1,194,778 2.51 3.17 (1.55 – 6.48) 0.001
2010 31 1,188,987 2.61 3.18 (1.59 – 6.52) 0.001
2011 18 1,197,592 1.50 1.89 (0.87 – 4.11) 0.071
2012 19 1,213,974 1.56 1.87 (0.86 – 4.05) 0.076
2013 15 1,229,904 1.14 1.54 (0.69 – 3.43) 0.193
2014 12 1,246,251 1.04 1.21 (0.52 – 2.81) 0.404
2015 10 1,263,027 0.79 1.00 –

 Table 2. Incidence rate of GBS in children by age, gender, and living location using Poisson regression analysis

Variable n (%) Population Incidence 
per 100,000

Relative risk (95% CI) p value

Age
<5 years 96 (52.2) 4,332,375 2.21 2.42 (1.17 – 2.32) 0.002

5 – 9 years 51 (27.7) 3,802,575 1.34 1.65 (1.653 – 3.350) 0.001
10 – 14 years 37 (20.1) 4,033,745 0.92 1.00 –

Sex
Male 99 (53.3) 6,244,141 1.59 1.06 (0.79 – 1.42) 0.376
Female 85 (46.7) 5,921,556 1.43 1.00 –

Living location
Urban 134 (72.8) 8,272,674 1.62 1.26 (0.91 – 1.74) 0.093
Rural 50 (27.2) 3,893,023 1.28 1.00 –
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  A recent study in the Northwest of Iran showed the overall incidence rate of GBS to be 
2.27 cases/100,000 children aged <15 years  [14] . Jasem et al.  [15]  in Iraq, and Mujlli et al.  [16] 
 in Yemen, which are regions with a similar climate, have also reported annual incidence rate 
of GBS among children aged <15 years to be 1.33 and 2.80 cases/100,000 population, respec-
tively. Reports on the incidence rates of GBS in developing countries are scarce  [11] . The 
differences seen in the incidence rates might be partly explained by differences in study 
designs, i.e. prospective versus retrospective, case definition. The high incidence rate in some 
areas could also be related to environmental factors and/or the high frequency of gastroin-
testinal and respiratory infections in these areas.

  The annual incidence of GBS increased after 2007, reaching a peak during 2009 and 2010, 
and then decreased. The higher incidence of GBS in 2009 and 2010 remains unexplained. 
Epidemiological studies in other populations suggest that as many as 75% of patients diag-
nosed with GBS have a history of preceding infection, and serological studies reveal evidence 
of antecedent infection in about 30–50% of cases  [17] . No specific information was available 
regarding preceding infections for GBS patients in our study; however, the peak in incidence 
we observed coincides with the influenza H1N1 pandemic in Iran, where cases were reported 
in some areas during 2009 and 2010  [18, 19] . A study of GBS in Northwest Iran conducted 
from 2001 to 2006 also found an unexpected peak in incidence in 2003; this study found sero-
logical evidence of  Campylobacter jejuni  infection in about half of the children diagnosed with 
GBS from January 2003 to March 2005  [14] .

  A recent study in Iraq, which observed that  C. jejuni  infection was found in about half of 
the children with GBS, also showed increased occurrence of GBS in the year 2008  [20] . In 
addition, an annual report from Louisiana showed an increasing trend in the incidence rate 
of GBS between 1999 and 2007. Several outbreaks of the disease have been reported from 
different regions of the world in the last few decades  [21] . This observation somewhat 
suggests an association between GBS and enteroviruses and  C. jejuni  infection in some years. 

  The findings of our study showed that GBS is more frequent in males; the male/female 
ratio was 1.16:   1. This finding is consistent with similar studies on GBS from other parts of the 
world  [22] . Considering the supposed autoimmune etiology of GBS, such male predominance 
is not yet completely understood; therefore, the reason for the higher frequency of GBS in 
males is not clear.

  In accordance with previous studies, the incidence of GBS was higher in children less than 
5 years of age than in older children  [23] . In the present study, among children with GBS, 96 
(52.2%) were less than 5 years of age. It shows that the incidence rate was significantly higher 
in children less than 5 years old than in any other age group. It could be due to the relatively 
high susceptibility to infections in this age group and the increased susceptibility of the young 
myelinated peripheral nerves to demyelination. This finding is in accordance with the earlier 
data that suggest viral diseases as triggering factors for GBS. This finding is consistent with 
other studies from Iraq and Hong Kong  [15, 22] .

  Many epidemiological studies have addressed the seasonal pattern of incidence of GBS 
 [21, 22] . It is believed that the association with upper respiratory and gastrointestinal infec-
tions, which are more frequent in some seasons, is the main cause of seasonal occurrence of 
the disease  [24] . The higher number of GBS cases reported in autumn and winter (the colder 
seasons) in our study is somewhat similar to reports from Iraq, Kuwait, and Southern Iran 
 [15, 25, 26] . In one of the first Iranian reports by Barzegar et al.  [14]  from the Northwest of 
Iran, which has a cold climate, maximum incidence was also seen in winter and spring. The 
variation in seasonal incidence of GBS may also reflect the differing nature of seasons by 
latitude or influence of other weather patterns such as the rainy season  [27] . Zaheer et al.  [28]  
from Pakistan showed a relationship between seasonal peaks of GBS in Asian countries with 
widespread epidemics of winter flu-like-syndromes and summer gastroenteritis.
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  Regarding residential location and incidence of GBS, although a higher frequency of GBS 
was found in urban areas compared rural areas (1.62 vs. 1.28), this difference was not signif-
icant for urban population. This finding is consistent with another study in Italy by Paolino et 
al.  [29] , which did not find significant difference between urban and rural places of residence. 
In other study by Larsen et al.  [30] , no statistically significant difference in the incidence of 
GBS was reported between urban and rural populations in Norway.

  This study has limitations. The diagnosis was based on an administrative database, which 
could overestimate the incidence rate of GBS. To diagnose the GBS cases, the Brighton diag-
nostic criteria were used retrospectively based on data from the Acute Flaccid Paralysis 
Surveillance System in children under 15 years, which exists in many countries in order to 
monitor for eradication of poliomyelitis. Therefore, the validity of the diagnosis, which was 
based on field reports from Iranian health centers and relied on data from the surveillance 
system, would have somewhat influenced the findings. Since this survey, as other similar 
studies, used the Acute Flaccid Paralysis Surveillance System data, the validity of the surveil-
lance system would have influenced the results.

  Conclusions 

 This study provided a nationwide assessment of the GBS epidemiology in the Southwest of 
Iran. The overall incidence rate of GBS in this study was in line with previous large-scale studies 
in this area. The incidence rate was higher in young children and decreased with increasing age. 
GBS affected males more than females (male/female rate ratio, 1.16:   1). A significantly higher 
rate was reported in autumn than in other seasons. The potential reasons for the observed 
seasonality and higher incidence among younger children should be investigated further.
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