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OBJECTIVES: Investigations into the epidemiology of acute flaccid paralysis (AFP) are an essential strategic 
component of the Global Poliomyelitis Eradication Initiative of the World Health Organization (WHO), and 
are part of the certification process for polio eradication worldwide. This is an epidemiological report of AFP 
incidence in children less than 15 years old in southwest Iran.

METHODS: This was a retrospective cohort study, carried out based on WHO guidelines, in which we reviewed 
non-polio AFP cases recorded from January 2006 to December 2010 in different regions of Khuzestan Prov-
ince, southwest Iran. In this study, the records of all children under 15 years old with AFP were evaluated.

RESULTS: During a 5-year period, 137 cases of AFP were reported (incidence rate, 2.21 per 100,000 children 
<15 years old). More than 50% (73 of 137) of the cases were boys, and 52.6% (72 of 137) were under 5 years 
of age, with a mean age of 5.39±3.98 years. The incidence of AFP was significantly higher in older children 
(p=0.001). The most common cause of paralysis was Guillain-Barré syndrome (117 of 137). None of the cases 
were diagnosed with acute poliomyelitis.

CONCLUSIONS: In this study, we found that the incidence rate of AFP in the region was almost in agreement 
with the expected incidence of AFP in children less than 15 years old; therefore, the AFP surveillance program 
in Khuzestan Province is satisfactory in terms of reliability and effectiveness. Nevertheless, routine vaccination 
against polio and ensuring that patients with AFP receive follow-up are essential for eradicating polio. 
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INTRODUCTION

Poliomyelitis is a highly contagious viral disease caused by 
poliovirus. In 1988, the World Health Organization (WHO) im-
plemented the Global Polio Eradication Initiative (GPEI) with 
the goal of eradicating polio worldwide. In addition to attaining 
a high routine immunization coverage rate, surveillance of acute 

flaccid paralysis (AFP) is a key strategic component of the GPEI. 
In accordance with the goals of the WHO, a robust surveillance 
system for AFP reporting was established in Iran in 1991 [1,2].

AFP is a clinical syndrome that can be caused by a wide range 
of etiologies. AFP presents with a rapid onset of weakness, in-
cluding weakness in the muscles involved in respiration and 
swallowing, and progresses to maximum severity within several 
days to weeks. Since AFP surveillance is a basic strategic com-
ponent of polio eradication campaigns, it is an important re-
sponsibility of the public health system in most countries. AFP 
surveillance programs can be helpful in identifying high-risk ar-
eas or groups and in monitoring the status of polio in each geo-
graphical region [3,4].

Many diseases are considered relevant for the differential di-
agnosis of AFP. The most important conditions to consider are 
non-polio enteroviruses, Guillain-Barré syndrome (GBS), trans-
verse myelitis, acute motor axonal neuropathy, and acute trau-
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matic neuritis [5]. GBS has become the most common cause of 
AFP in all ages, especially in children. The annual global inci-
dence rate of GBS is one to four cases per 100,000 people. GBS 
is a post-infectious polyneuropathy that mainly affects the mo-
tor nerve branches [6].

AFP is diagnosed clinically through a medical history and phys-
ical examination. The AFP surveillance program requires physi-
cians to report all cases of AFP in children less than 15 years 
old to regional health centers, using AFP surveillance guidelines 
and standard forms. In these forms, the demographic data and 
the clinical and epidemiologic findings of the patient are record-
ed accurately and sent to the National Center for Polio Eradica-
tion [7]. 

The incidence rate of non-polio AFP in Iran and worldwide 
has been estimated in many studies. In Iran, Gharibzadeh et al. 
[8] reported non-polio AFP incidence rates ranging from 0.3 to 
6.5 per 100,000, with an overall national rate of 2.9 per 100,000 
children less than 15 years old. The global incidence rate of AFP 
varies from 0.8 per 100,000 children less than 15 years old in 
Australia to 4.0 per 100,000 children less than 15 years old in 
Afghanistan [9,10]. 

Since diagnosing and identifying cases of AFP in every coun-
try is a part of the global surveillance system for the eradication 
of poliomyelitis, studying AFP incidence in specific regions with-
in individual countries is important. The current study was car-
ried out to investigate the incidence of AFP and the effective-
ness of the AFP surveillance program in Khuzestan Province, 
southwest Iran, from January 2006 to December 2010.

MATERIALS AND METHODS 

This retrospective cohort study was conducted on children 
less than 15 years old in Khuzestan Province. Khuzestan Prov-
ince is located in southwest Iran, and has a hot and dry climate. 
The population of the province exceeds 4,500,000 people, in-
cluding approximately 1,200,000 people less than 15 years old.

The surveillance database of AFP in children less than 15 years 
old based on reports to the central health office of Khuzestan 
Province from January 2006 to December 2010 was obtained 
and reviewed for this investigation. This study was approved by 
the ethical committee of the Ahvaz Jundishapur University of 
Medical Sciences. 

The cases reviewed in this study included the records of all 
children less than 15 years old whose diagnosis of AFP had been 
reported to the provincial central health office. In Iran, a na-
tionwide health system covering all regions of the country ac-
tively monitors the incidence of non-polio AFP. It is mandatory 
for healthcare workers to report and track all children with AFP. 
In the health centers where the cases are reported, members of 

a national expert committee evaluate all AFP cases according 
to standard methods recommended by the WHO [11]. Case in-
vestigation is done using a standard WHO form. Data are gath-
ered using a questionnaire that includes the personal character-
istics of the patient such as age, gender, place of residence, and 
vaccination status; as well as the clinical presentation of the dis-
ease, including signs and symptoms, primary impression, final 
diagnosis, time of the appearance of paralysis, presence of fever 
at the beginning of paralysis, symmetry of paralysis, the condi-
tion of the patient at a 60-day follow-up visit, the patient’s final 
outcome, and stool test results. According to the WHO guide-
lines for AFP surveillance systems, the definitive diagnosis of 
non-polio cases and poliomyelitis is made based on two stool 
cultures from children with AFP, with non-polio cases diag-
nosed based on negative cultures [7]. 

The yearly incidence rate of AFP was used to estimate the 
overall incidence rate during the study period. The yearly inci-
dence rate was calculated by dividing the number of the AFP 
cases recorded each year by the total population under 15 years 
old in that year, which was obtained from the Statistical Center 
of Iran [12].The detected cases were divided into three differ-
ent age groups including <5, 5-9, and 10-14 years old. In order 
to compare the frequency of AFP in different age groups and 
gender we used the chi-square (relative risk). The analyses were 
performed using SPSS version 18.0 (SPSS Inc., Chicago, IL, 
USA). The p-values below 0.05 were considered statistically 
significant. And p-values <0.05 were considered to indicate 
statistical significance in comparisons of subgroups defined by 
characteristics such as gender and age. 

RESULTS 

A total of 137 cases of AFP were diagnosed in children less 
than 15 years old during the 5-year period of the study. Of these 
cases, 53.3% (73 of 137) were boys and 46.7% (64 of 137) 
were girls. The average age of the cases was 5.39±3.98 years 
old. More than half of them (52.6%) were less than 5 years old. 
The number of AFP patients increased from 2006 to 2010; dur-
ing the 5 years of the study, 19, 18, 28, 34, and 38 cases of AFP 
were reported, respectively. 

Based on reports from the Statistical Center of Iran [12], the 
population of children less than 15 years old in Khuzestan Prov-
ince in the years of the study was 1,221,257; 1,226,167; 1,234,262; 
1,245,627 and 1,260,363, respectively. Accordingly, the inci-
dence rate in each year was calculated as the total number of 
cases per population of children less than 15 years old in that 
year, multiplied by 100,000 (Figure 1). The average AFP inci-
dence rate in this 5-year period was calculated to be 2.21 per 
100,000 children under 15 years old.
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In Table 1, the incidence rate of AFP is shown according to 
gender, age, location, and season. No cases of AFP due to polio-
myelitis were reported in this period. The most important causes 
of AFP were GBS (85.4%) and myositis (2.6%), with other 
causes accounting for the remaining 12% of cases, including 
tumors, brucellosis-associated septic arthritis, birth hypoxic-
ischemic encephalopathy, transverse myelitis, and acute dis-
seminated encephalomyelitis.

Comparisons of the risk of AFP incidence according to age 
and gender are presented in Table 2. According to Poisson regres-
sion analysis, the relative risk of AFP among children less than 
five years old was found to be almost two times greater than 
that observed in children five to nine years old and more than 
two times greater than that observed in children 10-14 years of age 
(p=0.002 and p=0.001, respectively). However, the AFP inciden-
ce rate did not differ significantly according to gender (p= 0.34).

Table 1. Frequency of non-polio acute flaccid paralysis by year, gender, age, location of residence, season of incidence, and clinical condi-
tion in Khuzestan, Iran, 2006-2010

Variable
Year

Total
2006 2007 2008 2009 2010

Gender
   Men
   Women

4 (21.2)
15 (78.8)  

 6 (33.3)
12 (66.6)

18 (64.3)
10 (35.7)

24 (70.5)
10 (29.4)

21 (55.3)
17 (44.7)

73 (53.3)
64 (46.7)

Age  (yr)
   0-4
   5-9
   10-14

12 (63.2)
4 (21.1)
3 (15.8)

7 (38.9)
7 (38.9)
4 (22.2)

19 (67.9)
8 (28.6)
1 (3.6)

17 (50)
9 (26.5)
8 (23.5)

17 (44.7)
10 (26.3)
11 (28.9)

72 (52.6)
38 (27.7)
27 (19.7)

Location of residence
   Urban
   Rural

12 (63.2)
7 (36.8)

12 (66.7)
6 (33.3)

5 (41.7)
7 (58.3)

15 (62.5)
9 (37.5)

27 (71.1)
11 (28.9)

71 (64.0)
40 (36.0)

Season of incidence
   Spring
   Summer
   Fall
   Winter

3 (15.8)
1 (5.3)
8 (42.1)
7 (36.8)

4 (22.2)
4 (22.2)
7 (38.9)
3 (16.7)

7 (25.0)
6 (21.4)
9 (32.1)
6 (21.4)

11 (32.4)
5 (14.7)
9 (26.5)
9 (26.5)

10 (26.3)
5 (13.2)

14 (36.8)
9 (23.7)

35 (25.5)
21 (15.3)
47 (34.4)
34 (24.8)

Clinical condition
   Fever
   No sequelae
   Asymmetry of paralysis

9 (47.4)
13 (68.4)
5 (26.3)

12 (66.7)
18 (100)
8 (44.4)

15 (53.6)
18 (100)
14 (50.0)

16 (47.1)
25 (73.5)
28 (82.4)

17 (44.7)
35 (92.1)
27 (71.1)

69 (50.4)
119 (86.9)
82 (59.9)

Values are presented as number (%).

Table 2. Mean annual incidence rate of non-polio AFP per 100,000 under 15-year-old children by age and gender using Poisson regression 
analysis

Variable n (%) Population AFP rate RR 95% CI p-value

Age (yr)
   <5
   5-9
   10-14 

72 (52.6)
38 (27.7)
27 (19.7)

1,989,008
1,873,785
2,155,154

3.62
2.03
1.25

1.00
0.56
0.35

-
0.39, 0.83
0.22, 0.54

-
0.002
0.001

Gender
   Men
   Women

73 (53.3)
64 (46.7)

3,061,275
2,926,685

2.37
2.18

1.00
0.92

-
0.65, 1.29

-
0.34

AFP, acute flaccid paralysis; RR, relative risk; CI, confidence interval. 

Figure 1. Incidence rate of non-polio acute flaccid paralysis (AFP) 
per 100,000 children under 15 years old in Khuzestan, Iran (2006-
2010).
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DISCUSSION

The results of this study found the incidence rate of non-polio 
AFP in Khuzestan Province to be 2.21 per 100,000 children 
under 15 years old, which exceeds the WHO-established mini-
mum AFP incidence rate. In addition, the increase in detected 
AFP cases from 2006 to 2010 suggests that surveillance indica-
tors have improved within the 5-year period of the study. 

Investigating and estimating the number of cases of non-polio 
AFP in different regional populations is the most important as-
pect for AFP surveillance and poliomyelitis-free certification 
worldwide. The WHO has established criteria for evaluating the 
performance of AFP surveillance, which include a non-polio AFP 
rate of at least one per 100,000 children less than 15 years of 
age [11]. Accordingly, the AFP incidence rate of 2.21 in 100,000 
children under 15 years old indicates acceptable performance 
of the APF surveillance system in Khuzestan Province. Based 
on WHO reports in 2011, the estimated AFP incidence rate in 
Iran is 3.1%, which shows that the AFP surveillance system 
that has been implemented in Iran is appropriately sensitive, 
and suggests that this system reflects a fundamental accomplish-
ment in the achievement and maintenance of polio eradication 
in Iran [13].

The findings of this study demonstrate that the detection of 
AFP cases increased from 2006 to 2010. It is worth emphasiz-
ing that this is a positive finding, as this increase is indicative of 
the sensitivity of the surveillance system in this region. Based 
on studies conducted in different parts of the country, the AFP 
incidence rate in Iran has risen from 2000 to 2012, which dem-
onstrates that the surveillance system has improved [14,15]. 

In 2010, Gharibzadeh et al. [8] published a study on mapping 
the incidence of AFP in Iran and reported that the incidence 
rate of AFP ranged from 0.32 to 6.45 per 100,000. The func-
tionality of the surveillance systems in each region is an influ-
ential factor contributing to the accurate identification of AFP 
cases. Therefore, accurate AFP reporting indicates the success of 
the surveillance and monitoring system against poliovirus.

In this study, GBS was the most common cause of AFP (85.4% 
of cases). A study carried out by Naeini et al. [4] in central Iran 
also reported GBS (83.5% of cases) to be the most common 
cause of AFP. Based on the findings of studies from Australia 
and Iraq, the frequency of GBS as the underlying cause of AFP 
is more than 50%, even in such disparate countries [1,16]. These 
findings are compatible with the results of our study. Since po-
liomyelitis has been controlled, GBS has become the most com-
mon cause of AFP worldwide. 

The frequency of AFP was higher among boys than in girls 
(53.3% vs. 46.7%, respectively); but this difference was not 
statistically significant (p=0.34) Studies in Italy and Ghana 
have reported similar findings [17,18]. This indicates that gen-

der does not significantly affect the incidence rate of AFP.
The results of the present study also showed that AFP inci-

dence was significantly greater in younger children; in particu-
lar, it was approximately two times greater in children less than 
5-year old than in other age groups. These findings are consis-
tent with the results of similar studies. Studies in Turkey and 
Iran have likewise found the incidence of AFP to be significant-
ly higher in children less than five years of age [19,20].

AFP surveillance has become known as the most reliable me-
thod for identifying possible poliomyelitis cases and verifying 
the eradication of poliovirus [5]. This method requires physi-
cians and health care team members to perceive its importance, 
and to report potential cases as soon as possible. 

By optimizing the coverage of polio vaccinations and strictly 
implementing a vaccination program in Iran, no cases of polio-
myelitis have been reported in Iran since 2001 [1]. However, as 
poliomyelitis is endemic in Pakistan and Afghanistan (two neigh-
boring countries on the eastern border of Iran), and given the 
presence of abundant travel and immigration from these coun-
tries to Iran, the spread of the disease is possible; therefore, strict 
implementation of this surveillance system is strongly recom-
mended, especially in provinces and cities located close to the 
relevant borders. 

This study has certain limitations. Standard WHO diagnostic 
criteria were applied retrospectively based on field reports by 
members of the Iranian health care system, and the children 
could not be evaluated or examined by the researchers. Re-
garding to diagnosis based on field reports by Iranian health 
centers, the data validity of the surveillance system would have 
somewhat influence on the findings of study. That’s why, like 
other similar studies that used AFP surveillance system data, 
the validity of the surveillance system would have influence on 
the results.

The results of this study showed that the AFP surveillance 
program in Khuzestan Province was efficient and delivered de-
sirable results over the 5-year study period. The AFP incidence 
rate in children under 15 years old in the Province was greater 
than the rate expected by the WHO. Nevertheless, efforts should 
be made not only to maintain the existing process, but also to 
make sure that all cases of AFP are reported and investigated as 
soon as possible. Additionally, estimating the AFP incidence 
rate periodically in different regions is recommended in order 
to monitor the surveillance system and to ensure the continued 
eradication of poliovirus in Iran. 

ACKNOWLEDGEMENTS

We would like to acknowledge the health affair deputies of 
the Ahvaz Jundishapur University of Medical Sciences, and es-



5

Momen AA et al.: An epidemiological analysis of AFP

pecially the AFP committee for providing data about children 
with AFP. 

CONFLICT OF INTEREST

The authors have no conflicts of interest to declare for this 
study.

ORCID

Ali Akbar Momen http://orcid.org/0000-0001-9664-801X
Abdolhussein Shakurnia http://orcid.org/0000-0003-3354-2917

REFERENCES

1.	Whitfield	K,	Kelly	H.	Using	the	two-source	capture-recapture	meth-
od	to	estimate	the	incidence	of	acute	flaccid	paralysis	in	Victoria,	Aus-
tralia.	Bull	World	Health	Organ	2002;80:846-851.

2.	Zahraei	SM,	Sadrizadeh	B,	Gouya	MM.	Eradication	of	poliomyelitis	
in	iran,	a	historical	perspective.	Iran	J	Public	Health	2009;38:124-126.	

3.	Nathanson	N,	Kew	OM.	From	emergence	to	eradication:	the	epide-
miology	of	poliomyelitis	deconstructed.	Am	J	Epidemiol	2010;172:	
1213-1229.

4.	Naeini	AE,	Ghazavi	M,	Moghim	S,	Sabaghi	A,	Fadaei	R.	Acute	flac-
cid	paralysis	surveillance:	a	6	years	study,	Isfahan,	Iran.	Adv	Biomed	
Res	2015;4:99.

5.	Henderson	RH.	The	World	Health	Organization’s	plan	of	action	for	
global	eradication	of	poliomyelitis	by	the	year	2000.	Ann	N	Y	Acad	
Sci	1989;569:69-85.

6.	Sharma	KS,	Singh	R,	Shah	GS.	Guillain	Barre	syndrome:	major	cause	
of	acute	flaccid	paralysis	in	children	and	adolescents	of	Nepal.	J	Ne-
pal	Paediatr	Soc	2010;31:93-97.

7.	Marx	A,	Glass	JD,	Sutter	RW.	Differential	diagnosis	of	acute	flaccid	
paralysis	and	its	role	in	poliomyelitis	surveillance.	Epidemiol	Rev	
2000;22:298-316.

8.	Gharibzadeh	S,	Mahjoub	H,	Moghimbeigi	A,	Sadri	GH.	Disease	map-
ping	of	acute	flaccid	paralysis	in	Iran	using	mixture	distributions.	Ha-
kim	Res	J	2010;12:11-18	(Persian).

9.	Centers	for	Disease	Control	and	Prevention	(CDC).	Progress	toward	
poliomyelitis	eradication--Afghanistan	and	Pakistan,	January	2003-
May	2004.	MMWR	Morb	Mortal	Wkly	Rep	2004;53:634-637.

10.	Morris	AM,	Elliott	EJ,	D’Souza	RM,	Antony	J,	Kennett	M,	Long-
bottom	H.	Acute	flaccid	paralysis	in	Australian	children.	J	Paediatr	
Child	Health	2003;39:22-26.

11.	World	Health	Organization.	Report	of	the	Second	Meeting	of	the	
Global	Commission	for	the	Certification	of	the	Eradication	of	Polio-
myelitis;	1998	[cited	2016	Jul	29].	Available	from:	http://www.polio-
eradication.org/Portals/0/Document/Resources/2nd%20Global%20
Certcom%20Meeting%20Report%20%201997.pdf.

12.	Statistical	Centre	of	Iran.	Presidency	IRI	management	and	planning	
organization	[cited	2015	Nov	20].	Available	from:	https://www.amar.
org.ir/Portals/1/releases/Iran_Statistical_Pocket_book_92.pdf	(Per-
sian).

13.	Akhtar	E,	Fadaei-Nobari	R.	Evaluation	of	the	surveillance	system	for	
acute	flaccid	paralysis	(AFP)	in	Iran	during	the	years	2003-2007	and	
its	comparison	with	worldwide	standards.	J	Isfahan	Med	Sch	2014;	
32:461-469	(Persian).

14.	Sadrizadeh	B,	Zahraei	SM.	Poliomyelitis	eradication	in	Iran:	oppor-
tunities	and	challenges.	J	Compr	Pediatr	2013;4:91-92.

15.	Poorolajal	J,	Ghasemi	S,	Farahani	LN,	Hosseini	AS,	Bathaei	SJ,	Za-
hiri	A.	Evaluation	of	acute	flaccid	paralysis	in	hamadan,	Iran	from	
2002	to	2009.	Epidemiol	Health	2011;33:e2011011.	

16.	Jasem	JA,	Marof	K,	Nawar	A,	Khalaf	Y,	Al-Hamdani	F,	Ali	S,	et	al.	
An	epidemiological	analysis	of	acute	flaccid	paralysis	and	its	surveil-
lance	system	in	Iraq,	1997-2011.	BMC	Infect	Dis	2014;14:448.

17.	Soltani	J,	Esmailnasab	N,	Roshani	D,	Karimi	M,	Amjadi	MJ.	Acute	
flaccid	paralysis	and	its	differential	diagnosis	in	in	kurdistan	province,	
Western	Iran;	an	11-year	surveillance.	Iran	J	Pediatr	2014;24:131-139.

18.	Odoom	JK,	Ntim	NA,	Sarkodie	B,	Addo	J,	Minta-Asare	K,	Obodai	E,	
et	al.	Evaluation	of	AFP	surveillance	indicators	in	polio-free	Ghana,	
2009-2013.	BMC	Public	Health	2014;14:687.	

19.	Measles	outbreaks	and	progress	towards	meeting	measles	pre-elimi-
nation	goals:	WHO	African	Region,	2009-2010.	Wkly	Epidemiol	Rec	
2011;86:129-136.

20.	Sevencan	F,	Ertem	M,	Öner	H,	Aras	Kılınç	E,	Köse	OÖ,	Demircioğlu	
S,	et	al.	Acute	flaccid	paralysis	surveillance	in	southeastern	Turkey,	
1999-2010.	Turk	J	Pediatr	2013;55:283-291.	


