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This study aimed to investigate the factors that contributed to
poliomyelitis outbreak in Khartoum state in year 2004-2005, these factors
(which represented as specific objectives) included knowledge, attitudes,
and practices of targeted population toward poliomyelitis in relation to
route of entry, mode of transmission, infectivity and prevention methods.
In addition to other factors which included immunization status of the
infected children, accessibility and availability of immunization services,
socioeconomic factors and people migration.
The study was designed as case study and conducted in Khartoum
state and covered the seven localities in the year 2006.
The study comprised all the mothers of children who developed
poliomyelitis during the last epidemic in Khartoum state in the year 20042005, 40 mothers out of 42 mothers were involved in this study (total
coverage), the remaining two cases were not available in Khartoum state
during the study period, data about these factors had been collected
through standardized questionnaire, check list of observation, records and
reports of state immunization program, the data analyzed by statistical
package (SPSS) and the results presented in tables and figures.
The study revealed that (62.5%) of the infected children parent's
were illiterate. The study revealed that (100%) of the targeted population
had poor knowledge about the polio virus port of entry, (60%) don’t
know mode of transmission of polio virus, (33.3%) don’t know the details
of poliomyelitis preventive methods. According to the presences of the
immunization card (76.7%) of the targeted population had poor practices
towards utilization of immunization services. The study revealed that
(47.3%) of the infected children received zero – less than 3 doses in both
routine and NIDs.
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Also the study revealed that (71%) of the respondents resided in
poor environment sanitation and (87%) of the infected children had poor
personal hygiene.
With regard to accessibility of immunization service, the study
reveled that (100%) of respondents had good accessibility to
immunization services.
The study recommended that:
1. Designing an effective health education programs directed to the areas
at high risk and where outbreaks are expected in order to raise awareness
about poliomyelitis transmission, complications, and the methods of
prevention.
2. Health education programs must be implemented intensively during
outbreaks or even during the presence of sporadic cases, which is by
experience proved its effectiveness.
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ﺍﻟﻤﻠﺨﺺ -:
هﺪﻓﺖ هﺬﻩ اﻟﺪراﺳﺔ إﻟﻰ ﻣﻌﺮﻓ ﺔ اﻟﻌﻮاﻣ ﻞ اﻟﺘ ﻲ ﺳ ﺎﻋﺪت ﻋﻠ ﻰ اﻹﻧﻔﺠ ﺎر اﻟﻮﺑ ﺎﺋﻲ
ﻟﺸﻠﻞ اﻷﻃﻔﺎل ﻓﻲ وﻻﻳ ﺔ اﻟﺨﺮﻃ ﻮم ﺧ ﻼل اﻟﻌ ﺎم 2005 -2004م ) ه ﺬﻩ اﻟﻌﻮاﻣ ﻞ اﻟﺘ ﻲ
وﺿﻌﺖ آﺄهﺪاف اﻟﺨﺎﺻﺔ( واﻟﺘﻲ ﺗ ﺸﻤﻞ اﻟﻤﻌﺮﻓ ﺔ ،واﻟﻤﻮاﻗ ﻒ  ،واﻟ ﺴﻠﻮك ﻟﻠﻤ ﺴﺘﻬﺪﻓﻴﻦ
ﻋ ﻦ ﻣ ﺮض ﺷ ﻠﻞ اﻷﻃﻔ ﺎل ﻣﺜ ﻞ ﻃ ﺮق اﻹﻧﺘﻘ ﺎل  ،واﻹﻣﺮاﺿ ﻴﺔ  ،وﻃ ﺮق اﻟﻮﻗﺎﻳ ﺔ
ﺑﺎﻹﺿﺎﻓﺔ ﻟﻠﻌﻮاﻣﻞ اﻷﺧﺮى اﻟﺘﻲ ﺗﺘﻀﻤﻦ اﻟﺤﺎﻟﺔ اﻟﺘﻄﻌﻴﻤﻴﺔ ﻟﻸﻃﻔﺎل اﻟﻤ ﺼﺎﺑﻴﻦ و إﺗﺎﺣ ﺔ
ﺧﺪﻣﺎت اﻟﺘﻄﻌﻴﻢ واﻟﻤﺴﺘﻮى اﻹﺟﺘﻤﺎﻋﻲ واﻹﻗﺘﺼﺎدي واﻟﺤﺮآﺔ اﻟﺪاﺧﻠﻴﺔ ﻟﻠﺴﻜﺎن.
ﺻ ﻤﻤﺖ اﻟﺪراﺳ ﺔ آﺪراﺳ ﺔ ﺣﺎﻟ ﺔ و أﺟﺮﻳ ﺖ ﻓ ﻲ وﻻﻳ ﺔ اﻟﺨﺮﻃ ﻮم ﻓ ﻲ اﻟﻌ ﺎم
2006م و ﻏﻄﺖ ﺟﻤﻴﻊ ﻣﺤﻠﻴﺎت اﻟﻮﻻﻳﺔ اﻟﺴﺒﻌﺔ .
ﺷ ﻤﻠﺖ اﻟﺪراﺳ ﺔ ﺟﻤﻴ ﻊ أﻣﻬ ﺎت اﻷﻃﻔ ﺎل اﻟ ﺬﻳﻦ إﺻ ﻴﺒﻮا ﺑ ﺸﻠﻞ اﻷﻃﻔ ﺎل ﺧ ﻼل
اﻹﻧﻔﺠ ﺎر اﻟﻮﺑ ﺎﺋﻲ اﻷﺧﻴ ﺮ ﻓ ﻲ وﻻﻳ ﺔ اﻟﺨﺮﻃ ﻮم ﺧ ﻼل اﻟﻌ ﺎم 2005 -2004م .ﺷ ﻤﻠﺖ
اﻟﺪراﺳﺔ  40ﻣﻦ ﻣﺠﻤﻮع  42ﻣﻦ أﻣﻬﺎت اﻷﻃﻔﺎل اﻟ ﺬﻳﻦ إﺻ ﻴﺒﻮا ﺑ ﺸﻠﻞ اﻷﻃﻔ ﺎل ﺧ ﻼل
اﻟﻌﺎم 2005-2004م اﻟﺤﺎﻟﺘ ﺎن اﻟﻠﺘ ﺎن ﻟ ﻢ ﺗ ﺸﻤﻠﻬﻤﺎ اﻟﺪراﺳ ﺔ ﻟ ﻢ ﻳﻜﻮﻧ ﺎ ﺑﻮﻻﻳ ﺔ اﻟﺨﺮﻃ ﻮم
وﻗ ﺖ ﺗﻨﻔﻴ ﺬ اﻟﺪراﺳ ﺔ.ﺗ ﻢ ﺟﻤ ﻊ اﻟﺒﻴﺎﻧ ﺎت ﻋ ﻦ ه ﺬﻩ اﻟﻌﻮاﻣ ﻞ ﻋ ﻦ ﻃﺮﻳ ﻖ اﺳ ﺘﺒﻴﺎن ﻗﻴﺎﺳ ﻲ
إﺿ ﺎﻓﺔ اﻟ ﻲ ﻗﺎﺋﻤ ﺔ ﻣﻼﺣﻈ ﺎت ووﺛ ﺎﺋﻖ ﻗ ﺴﻢ اﻟﺘﺤ ﺼﻴﻦ ﺑﻮﻻﻳ ﺔ اﻟﺨﺮﻃ ﻮم .وﺗ ﻢ ﺗﺤﻠﻴ ﻞ
اﻟﺒﻴﺎﻧﺎت ﺑﺈﺳﺘﺨﺪام اﻟﺤﺎﺳﻮب ﺑﻮاﺳﻄﺔ ﺑﺮﻧﺎﻣﺞ اﻟﺤﺰﻣﺔ اﻹﺣﺼﺎﺋﻴﺔ ﻟﻠﻌﻠﻮم اﻹﺟﺘﻤﺎﻋﻴﺔ اﻟـ
)  ( SPSSو ﺗﻢ ﻋﺮض اﻟﻨﺘﺎﺋﺞ ﻓﻲ ﺷﻜﻞ ﺟﺪاول و رﺳﻮﻣﺎت ﺑﻴﺎﻧﻴﺔ .
أوﺿ ﺤﺖ اﻟﺪراﺳ ﺔ أن ) (%62.5ﻣ ﻦ أﺑ ﺎء و أﻣﻬ ﺎت اﻷﻃﻔ ﺎل اﻟﻤ ﺼﺎﺑﻴﻦ
أﻣﻴﻴﻦ .آﻤﺎ أوﺿﺤﺖ اﻟﺪراﺳﺔ ان ) (%100ﻣﻦ اﻟﻤﺴﺘﻬﺪﻓﻴﻦ ﻳﻔﺘﻘﺮون ﻟﻠﻤﻌﺮﻓﺔ ﺑﻄﺮﻳﻘ ﺔ
دﺧﻮل اﻟﻔﻴﺮوس اﻟﻤﺴﺒﺐ ﻟ ﺸﻠﻞ اﻷﻃﻔ ﺎل ﻟﻠﺠ ﺴﻢ  (%60)،ﻣ ﻦ اﻟﻤ ﺴﺘﻬﺪﻓﻴﻦ ﻻ ﻳﻌﺮﻓ ﻮن
ﻃ ﺮق إﻧﺘﻘ ﺎل اﻟﻔﻴ ﺮوس (%33.3)،ﻻ ﻳﻌﺮﻓ ﻮن ﺗﻔﺎﺻ ﻴﻞ ﻃ ﺮق اﻟﻮﻗﺎﻳ ﺔ.إﻋﺘﻤ ﺎدًا ﻋﻠ ﻲ
وﺟﻮد آﺮت اﻟﺘﻄﻌﻴﻢ ) (%76.7ﻣﻦ اﻟﻤﺴﺘﻬﺪﻓﻴﻦ ﺿﻌﻴﻔﻲ اﻟﻤﻤﺎرﺳﺔ ﻹﺳﺘﺨﺪام ﺧ ﺪﻣﺎت
اﻟﺘﺤﺼﻴﻦ .
آ ﺬﻟﻚ أوﺿ ﺤﺖ اﻟﺪراﺳ ﺔ ان ) (%47.3ﻣ ﻦ اﻷﻃﻔ ﺎل اﻟﻤ ﺼﺎﺑﻴﻦ ﺗﻠﻘ ﻮا ﻣ ﻦ
ﺻﻔﺮ اﻟﻲ أﻗﻞ ﻣﻦ  3ﺟﺮﻋﺎت ﻓﻲ اﻟﺘﻄﻌ ﻴﻢ اﻟﺮوﺗﻴﻨ ﻲ و اﻟﺤﻤ ﻼت ﻣﻌ ًﺎ.آ ﺬﻟﻚ أوﺿ ﺤﺖ
اﻟﺪراﺳﺔ أن ) (%71ﻣ ﻦ اﻟﻤ ﺴﺘﻬﺪﻓﺎت ﻳ ﺴﻜﻨﻮن ﻓ ﻲ ﺑﻴﺌ ﺔ ذات إﺻ ﺤﺎح ﺑﻴﺌ ﻲ ﻣﺘ ﺪﻧﻲ و
) (%87ﻣﻦ اﻷﻃﻔﺎل اﻟﻤﺼﺎﺑﻴﻦ ﺻﺤﺘﻬﻢ اﻟﺸﺨﺼﻴﺔ ﻣﺘﺪﻧﻴﺔ .
ﻓﻴﻤ ﺎ ﻳﺨ ﺺ ﺳ ﻬﻮﻟﺔ اﻟﻮﺻ ﻮل اﻟ ﻲ ﺧ ﺪﻣﺎت اﻟﺘﺤ ﺼﻴﻦ اوﺿ ﺤﺖ اﻟﺪراﺳ ﺔ ان
) (%100ﻣﻦ اﻟﻤﺴﺘﻬﺪﻓﻴﻦ ﻳﺴﻬﻞ وﺻﻮﻟﻬﻢ اﻟﻲ ﺧﺪﻣﺎت اﻟﺘﺤﺼﻴﻦ ﺑﺼﻮرة ﺟﻴﺪة.

اﻟﺘﻮﺻﻴﺎت -:
 -1ﺗﺼﻤﻴﻢ ﺑﺮﻧﺎﻣﺞ ﻟﻠﺘﻮﻋﻴﺔ اﻟ ﺼﺤﻴﺔ ﻳ ﺴﺘﻬﺪف اﻟﻤﻨ ﺎﻃﻖ ذات اﻟﺨﻄ ﻮرة اﻟﻌﺎﻟﻴ ﺔ
و اﻟﺘ ﻲ ﻳﺘﻮﻗ ﻊ ﻇﻬ ﻮر اﻟﺤ ﺎﻻت اﻟﻮﺑﺎﺋﻴ ﺔ ﺑﻬ ﺎ  ،وذﻟ ﻚ ﺑﻐ ﺮض رﻓ ﻊ اﻟ ﻮﻋﻲ
اﻟ ﺼﺤﻲ ﻟ ﺴﻜﺎن ه ﺬﻩ اﻟﻤﻨ ﺎﻃﻖ ﺗﺠ ﺎﻩ ﻃﺒﻴﻌ ﺔ ﻣ ﺮض ﺷ ﻠﻞ اﻷﻃﻔ ﺎل وﻃ ﺮق
دﺧﻮﻟﻪ وﻃﺮق اﻧﺘﻘﺎﻟﻪ وﻃﺮق اﻟﻮﻗﺎﻳﺔ ﻣﻨﻪ.
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ﺗﻨﻔﻴﺬ ﺑﺮاﻣﺞ اﻟﺘﻮﻋﻴﺔ اﻟﺼﺤﻴﺔ ﺑﺼﻮرة ﻣﻜﺜﻔﺔ أﺛﻨﺎء ﻇﻬﻮر اﻟﺤﺎﻻت اﻟﻮﺑﺎﺋﻴ ﺔ
ﻟﺸﻠﻞ اﻷﻃﻔﺎل أو ﺣﺘﻲ أﺛﻨﺎء ﻇﻬﻮر ﺣﺎﻻت ﻣﺮﺿﻴﺔ ﻣﺘﻔﺮﻗﺔ اﻷﻣﺮ اﻟﺬي ﻋﻦ
ﻃﺮﻳﻖ اﻟﺘﺠﺮﺑﺔ أﺛﺒﺖ ﻓﻌﺎﻟﻴﺘﻪ.
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Chapter (1)

1. Introduction
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1.1. Introduction
The words polio (grey) and myelon (marrow, indicating the spinal
cord) are derived from Greek roots. It is the effect of poliomyelitis virus
on the spinal cord that leads to the classic manifestation, paralysis.
Although records from antiquity mention crippling diseases
compatible with poliomyelitis, it was Michael Underwood from England
who, in 1789, first described debility of the lower extremities in children
that were identified as poliomyelitis victims.
Poliovirus is a member of the enterovirus subgroup, family
Picornaviridae. Entero viruses are transient inhabitants of the
gastrointestinal tract, and are stable at acid pH. Picornaviruses are small,
ether-insensitive viruses with an RNA genome.
The first outbreaks in Europe were reported in the early 19th
century, and outbreaks were reported in the United States a few years
later. For the next hundred years, epidemics of polio were reported from
developed countries in the northern hemisphere each summer and fall.
These epidemics became increasingly severe, and the average age of
persons affected rose, which increased both the disease severity and
number of deaths from polio. Polio reached a peak in the United States in
1952, with over 20,000 paralytic cases. (1)
In 1988, the World Health Assembly (the governing body of the
World Health Organization) adopted the goal of global eradication of
poliomyelitis by the year 2000. The strategy to achieve this goal included
increasing vaccination coverage; enhancing surveillance for suspected
cases (i.e., surveillance for acute flaccid paralysis); and using
supplemental immunization strategies such as national immunization
days (NIDs), house-to-house vaccination, and containment activities. (1)

17

Outbreaks of paralytic poliomyelitis occur in both wild polioendemic areas and previously polio-free areas (i.e.,importation outbreaks
that result from an initiating infection acquired elsewhere) (3).
Sudan has not reported polio cases since April 2001 when one wild
polio case P1 was reported from Unity state (OLS area). As a result of the
intensified SIAs, the indigenous wild poliovirus transmission has been
interrupted for three consecutive years (May 2001-April 2004). Since
then, Sudan remained free of poliovirus until the first imported poliovirus
was detected in May 2004 in West Darfur.
Consequently, an epidemic of poliomyelitis has occurred in (18)
out of 26 states. (4)
Laboratory confirmed the occurrence of (128) wild polio cases
during 2004 and (27) wild polio cases during 2005. The last case was
reported from River Nile state on the 17th of June 2005. (5)
Since the year 2000 Khartoum state did not record any confirmed
polio case although there is an effective AFP surveillance system.
On 31th of August 2004 a confirmed polio case was detected In
Angola camp Jabal Awlia locality Khartoum state and then (41) wild
polio cases were reported, from all localities (from August 2004 to
January 2005), Khartoum (6) cases, Gabal awlia (18) cases, Umdurman
(1) case, Karary (2) cases, Umbada (9) cases, Bahary (2) cases, Nile east
(4) cases.
The highest number of these cases (43%) was reported in Jabal
Awlia locality particularly in the camps and in poor sanitation areas.
Isolate four wild polio cases from Umbada and Karary belong to a
different genetic lineage with an undetermined geographic source. (6)
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Many factors may contribute in this out break and the study will go
to investigate these factors.
After the importation of polio virus in Sudan, Khartoum state
recorded (42 cases of confirmed Poliomyelitis) out of 154 cases all over
the Sudan (27.3%), during only five months, although it was not recorded
any positive case since the year 2000 till July 2004 in presences of very
effective surveillance system. (3)

1.2.Justification:
Khartoum state recorded the highest number of cases comparing
with the other (17) states affected with this outbreak which also have
effective AFP cases surveillance system like that in Khartoum state.
No scientific study was conducted in Khartoum state to display the
reasons beyond this outbreak.
Many factors may have contributed to the out break; the study had
gone in depth to investigate these factors in order to avoid it in the future,
because appearance of single case of Poliomyelitis at this time can
destroy the achievement of polio eradication goal locally, nationally and
globally.

1.3. Objective:
1.3.1. General objective:
To study factors that contributed to the Poliomyelitis out break in
Khartoum state 2004-2005.

1.3.2. Specific objectives:
To identify factors contributed in the spread of Poliomyelitis among
infected children, in relation to:
Knowledge of mothers about transmission and prevention
activities of Poliomyelitis.
Attitudes of mothers towards prevention of Poliomyelitis.

19

Practices

of

mothers

towards

immunization

services

utilization.
Immunization status of infected children.
Accessibility and Availability of immunization services.
Environmental sanitation.
Socio- economic status.
Family movements and migration

20

Chapter (2)

2. Literature Review
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2.1. Poliomyelitis:
Poliomyelitis is an acute viral infection which ranges in severity
from nonspecific illness to paralysis with permanent disability. (7)
The disease can strike at any age but affects mainly children under
three (50-70% of all cases) and causes paralysis. It follows infection with
any one of three related enteroviruses: poliovirus type 1, type 2, or type
3.(1)
The virus usually enters through the mouth and then multiplies
inside the throat and intestines. The incubation period is 4-35 days and
the initial symptoms include fever, fatigue, headache, vomiting,
constipation (or less commonly diarrhea), stiffness in the neck, and pain
in the limbs. Once established poliovirus can enter the bloodstream and
invade the central nervous system—spreading along nerve fibers. As it
multiplies, the virus destroys the motor neurons which activate muscles.
These nerve cells cannot be regenerated and the affected muscles no
longer function. Muscle pain, spasms, and fever are associated with the
rapid onset of acute flaccid (floppy) paralysis. Polio paralysis is almost
always irreversible. The muscles of the legs are affected more often than
the arm muscles. More extensive paralysis, involving the trunk and
muscles of the thorax and abdomen, can result in quadriplegia. In the
most severe, often fatal, cases, poliovirus attacks the motor neurons of the
brain stem—reducing breathing capacity and causing difficulty in
swallowing and speaking ("bulbar polio"). Without adequate respiratory
support, bulbar polio can result in death by asphyxiation. (1)
During the polio epidemics of the 1940s and 1950s in the
industrialized countries, people with this form of the disease were
immobilized inside "iron lungs" to regulate their breathing and keep them
alive. Today, the iron lung has largely been replaced by the positive
pressure ventilator, but it is still in use in some countries. (1)
22

Although polio paralysis is the most visible sign of polio infection,
less than 1% of polio infections ever result in paralysis. Most cases—as
many as 90%—produce no, or very mild, symptoms and usually go
unrecognized. The remaining cases ("abortive polio") involve mild flulike symptoms common to other viral infections—mild fever, sore throat,
abdominal pain, and vomiting—but do not result in paralysis. (1,8)
About 5% to 10% of all polio infections result in aseptic
meningitis, a viral inflammation of the outer covering (meninges) of the
brain. The problem is that most people infected with poliovirus are never
aware of it. They have no signs of illness and are not seen by any health
worker. However, they can spread poliovirus to close contacts. (1)
The virus is shed intermittently in faeces for several weeks. This
enables the rapid spread of poliovirus—especially in areas where hygiene
and sanitation are poor, but also in any environment where young
children, not yet fully toilet-trained, are a ready source of poliovirus
transmission. Polio can also be spread when food or drink is
contaminated by faeces. There is also evidence that flies can passively
transfer poliovirus from faeces to food. (1,9)
Poliovirus is highly infectious, with seroconversion rates in
susceptible household contacts of children nearly 100% and of adults
over 90%. Cases are most infectious from 7 to 10 days before and after
the onset of symptoms, but poliovirus may be present in the stool from 3
to 6 weeks. (1)
Nearly all epidemics are due to type 1, whereas types 2 and 3 are
more often isolated in vaccine-associated poliomyelitis. (1)
Poliomyelitis cases define as follows:

2.1.1. Suspected case; any case of acute-onset flaccid paralysis
(AFP), including Guillain-Barré syndrome, in a person under 15 years of
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age for any reason other than severe trauma, or paralytic illness in a
person of any age in which polio is suspected. The classification
"suspected case" is temporary. It should be reclassified as "probable" or
"discarded" within 48 hours of notification.(10)

2.1.2. Probable case; a case in which AFP is found, and no other
cause for the paralysis can be identified immediately. The classification
of "probable case" is also temporary; within 10 weeks of onset the case
should be reclassified as "confirmed", "compatible", "vaccine-associated"
or "discarded." (10)

2.1.3. Confirmed case; a case with acute paralytic illness, with or
without residual paralysis, and isolation of wild poliovirus from the stools
of either the case or its contacts. (10)

2.1.4. Polio-compatible case; a case in which one adequate stool
specimen was not collected from a probable case within 2 weeks of the
onset of paralysis, and there is either an acute paralytic illness with poliocompatible residual paralysis at 60 days, or death takes place within 60
days, or the case is lost to follow-up. (10)

2.1.5. Vaccine-associated Paralytic Poliomyelitis case; a
case with acute paralytic illness in which vaccine-like poliovirus is
isolated from stool samples, and the virus is believed to be the cause of
the disease. There are two possible types of vaccine-associated paralytic
poliomyelitis (VAPP): recipient and contact. A case classified as a
recipient is a person who has onset of AFP 4 to 40 days after receiving
OPV and has neurologic sequelae compatible with polio 60 days after the
paralysis began. A case is classified as a contact VAAP when a person
who has residual paralysis 60 days after the onset of AFP had contact 4 to
40 days before the paralysis began with a person who received OPV
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somewhere between 4 and 85 days before the contact's paralysis
began.(10)

2.1.6. Discarded (Not Poliomyelitis) case; a case with acute
paralytic illness for which one adequate stool specimen was obtained
within 2 weeks after onset of paralysis and was negative for poliovirus.
(10)

2.1.7. Post-Polio Syndrome:
After an interval of 30-40 years, some persons (25%-40%) who
contracted paralytic poliomyelitis in childhood may experience new
muscle pain and exacerbation of existing weakness, or develop new
weakness or paralysis. This disease entity is referred to as post-polio
syndrome. Factors which enhance the risk of post-polio syndrome include
increasing length of time since acute poliovirus infection, presence of
permanent residual impairment after recovery from the acute illness, and
female gender. The pathogenesis of post-polio syndrome is thought to
involve the failure of oversized motor units created during the recovery
process of paralytic poliomyelitis. Post-polio syndrome is not an
infectious process, and persons experiencing the syndrome do not shed
poliovirus. (1)
Poliovirus circulates "silently" at first—possibly infecting up to
200 people before the first case of polio paralysis emerges. Because of
this silent transmission and the rapid spread of poliovirus, WHO
considers a single confirmed case of polio paralysis to be evidence of an
outbreak—particularly in countries where very few cases are occurring
and the disease is close to being eradicated.(11)

2.2 Polio vaccination
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2.2.1. Oral polio vaccine OPV:
Candidates

strains

of

attenuated

poliovirus

suitable

for

immunizing humans were developed independently by scientists at
three different institutions ( A.B.Sabin, H.R.Cox, H.Koprowski).(12)
Because they provided good antibody levels and were less
neurotropic for monkeys, the strains developed by Sabin were selected
for wide spread application.(12)
OPV began to be used in several countries in the spring of 1960.
Initially, each serotype was given separately as a monovalent vaccine,
with sequential administration of type 1, 2, 3. Trivalent vaccine came in
to use a few years later although a few countries have continued to use
monovalent OPV up to the present. (12)
OPV gives protection against the three types of virus that cause
polio. It is a liquid, with a- vaccine vial monitor VVM attached, that
show health workers whether the vaccine in the vial is safe to use. OPV
should be stored at a temperature between 0---+8 centigrade degrees. It
is easily damaged by heat but is not harmed by freezing. (2)
Following of the introduction of OPV, it became clear that rare
cases of paralytic poliomyelitis were temporally associated with
administration of the vaccine. Studies of these cases strongly implied
that they were caused by the Sabin strains, which had regained
neurovirulence after replicating in the intestine of the vaccine. Type 3
was the most common isolate associated with paralysis in vaccine
recipients; type 2 was associated with paralysis mostly among contacts
of cases. (10)
A WHO collaborative study during 1980 to 1984 found that the
number of cases among OPV recipients and contacts of vaccine
recipients was about one case per 3.3 million doses of trivalent OPV
distributed or administrated in 8 countries.(13,14)
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Two enhanced forms of inactivated poliovirus vaccine are
currently licensed in the United States, but only one vaccine is actually
distributed. This vaccine is produced in Vero cells and contains all three
types of vaccine-related poliovirus.(10)
IPV is highly effective in producing immunity to polio virus, and
protection from paralytic poliomyelitis. Ninety percent or more of
vaccine recipients develop protective antibody to all three poliovirus
types after 2 doses, and at least 99% are immune following 3 doses.
Protection against paralytic disease correlates with the presence of
antibody.(10)
The most important advantage of IPV is that it is inactivated, so it
cannot replicate, and cannot be shed in the stool of a vaccinated person.
IPV cannot cause vaccine associated paralysis, and is safe to use in
immunodeficient persons or in household contacts of immunodeficient
persons.(10)
The disadvantages of IPV are that it requires injection, and there
are currently no combination vaccines that contain IPV licensed in the
United States. It is also more expensive than OPV. The duration of
immunity to IPV is not known with certainty, although it likely provides
protection for many years after a complete series. (10)
IPV appears to produce less local gastrointestinal immunity than
does OPV, so persons who receive IPV are more readily infected with
wild polio virus than OPV recipients. (10)
A person who received IPV could become infected with wild polio
virus in an endemic area and could be shedding wild virus when he or she
returned to the United States. (10)
The infected person would be protected from paralytic polio, but
the wild virus being shed in his or her stool could spread to contacts and
result in transmission to a contact.(10)
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One disadvantage of oral poliovirus vaccine is that seroconversion
to all three viruses does not occur with a single dose, and high
seroconversion rates to all three vaccine viruses require more than one
dose. This probably occurs because of intestinal interference between the
three types of vaccine virus, and perhaps because of interference between
vaccine viruses and other enteroviruses.(10)
A second disadvantage of OPV is a small risk of vaccine associated
paralytic polio in both vaccines and in contacts of vaccines.(10)

2.2.2. Vaccine-Associated Paralytic Poliomyelitis (VAPP):
Vaccine-associated paralytic polio (VAPP) is a rare adverse event
following live oral poliovirus vaccine. Inactivated poliovirus vaccine
does not contain live virus, so it cannot cause VAPP. (10)
The mechanism of VAPP is believed to be a mutation, or reversion,
of the vaccine virus to a more neurotropic form. These mutated viruses
are called revertants. Reversion is believed to occur in almost all vaccine
recipients, but it only rarely results in paralytic disease. The paralysis that
results are identical to that caused by wild virus, and may be permanent.
(10)
It is likely that the longer the vaccine virus replicates in the
intestine, the more reversion occurs. The longer that revertants are
present, the more likely it is that one will make its way into the central
nervous system and cause damage. (10)
VAPP is more likely to occur in persons >18 years of age than in
children, and is much more likely to occur in immunodeficient children
than in those who are immunologically normal. Compared with
immunocompetent children, the risk of VAPP is almost 7000 times
higher for persons with certain types of immunodeficiencies, particularly
B lymphocyte disorders which reduce the synthesis of immune globulins
(e.g., agammaglobulinemia and hypo gamma globulinemia). (10)
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There is no procedure available for identifying persons at risk of
paralytic disease, except excluding older persons and screening for
immunodeficiency. (10)
Vaccine-associated paralytic polio has been monitored by the CDC
since oral poliovirus vaccines began wide use in 1963. While there has
been some year to year variation, the number of vaccine-associated cases
has remained relatively stable at 5 to 10 a year since that time. Between
1980 and 1996, 142 paralytic polio cases were reported. All but 8 of these
cases have been caused by vaccine-related poliovirus. (10)
The 125 VAPP cases reported between 1980 and 1994 have been
thoroughly investigated and characterized. During this 15 year period, 49
(39.2%) cases were reported in healthy vaccine recipients, an average of
3 cases per year. (10)
The average age of this group was 3 months. Forty cases (32.0%)
occurred in healthy contacts of vaccine recipients, an average of 3 cases
per year. The average age of this group was 26 years. Six (4.8%) cases
were classified as community acquired. In these cases, vaccine virus was
recovered from the stool, but there was no known contact with a
vaccinated person. The remaining 30 (24.0%) VAPP cases occurred in
immunodeficient persons. Twenty-three of these persons (76.6% of
immunodeficient VAPP cases) were vaccine recipients, none of whom
were known to be immunodeficient before receiving the vaccine. The
remaining 7 immunodeficient cases were contacts of vaccine recipients.
(10)
The risk of VAPP is not equal for all OPV doses in the vaccination
series. The risk of VAPP is 7 to 21 times higher for the first dose than for
any other dose in the OPV series. (10)
From 1980 through 1994, 303 million doses of OPV were
distributed and 125 cases of VAPP were reported, for an overall risk of
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VAPP of 1 case per 2.4 million doses. Forty-nine paralytic cases were
reported among immunologically normal recipients of OPV from 1980
through 1994. The overall risk to these recipients was one VAPP case per
6.2 million OPV doses. However, 40 (81.6%) of these 49 cases occurred
following receipt of the first dose. The risk of VAPP was 1 case per 1.4
million first doses. The risk for all other doses was one per 27.2 million
doses. (10)
Forty VAPP cases were reported among contacts of OPV recipients
from 1980 through 1994. The overall risk for contacts was 1 in 7.6
million. Sixty-five percent of contact VAPP cases occurred following the
first dose in the vaccine, for a first dose risk of 1 case per 2.2 million
doses. The risk for all subsequent doses was 1 case of VAPP per 17.6
million doses. (10)
The reason for this difference by dose is not known with certainty,
but is probably because the vaccine virus is able to replicate longer in a
completely nonimmune infant. (10)
This prolonged replication increases the chance of the emergence
of a revertant virus that may cause paralysis. (10)
The situation is similar for contacts. A nonimmune child may shed
virus longer, increasing the chance of exposure of a contact a case with
acute paralytic illness in which vaccine-like poliovirus is isolated from
stool samples, and the virus is believed to be the cause of the disease.
There are two possible types of vaccine-associated paralytic poliomyelitis
(VAPP): recipient and contact. (10)
A case classified as a recipient is a person who has onset of AFP 4
to 40 days after receiving OPV and has neurologic sequelae compatible
with polio 60 days after the paralysis began. A case is classified as a
contact VAAP when a person who has residual paralysis 60 days after the
onset of AFP had contact 4 to 40 days before the paralysis began with a
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person who received OPV somewhere between 4 and 85 days before the
contact's paralysis began. (10)

2.2.3. Vaccination schedule:
Parents of children who are to be vaccinated should be informed of
the poliovirus vaccines available, alternative immunization schedules,
and the basis for poliovirus vaccination recommendations. The benefits
and risks of the vaccines for individuals and for the community should be
discussed. (1)

2.2.4. Sequential IPV-OPV schedule:
Vaccination schedules using IPV alone or OPV alone are both
effective. Schedules using either vaccine alone are acceptable options for
preventing poliomyelitis. However, the Advisory Committee on
Immunization Practices (ACIP) recommends the use of IPV followed by
OPV for primary vaccination of children in the United States. (1)
The highest risk of VAPP is with the first dose of OPV. IPV, when
given as the first two doses of the vaccination series is expected to induce
antibodies to poliovirus in over 90% of recipients. These antibodies
would reduce or eliminate the viremia that results from OPV. Reducing
the viremia from live vaccine-related poliovirus would in turn reduce the
risk of vaccine- associated paralysis. (1)
The sequential IPV-OPV schedule is expected to produce a high
level of individual protection from two doses of IPV and should reduce
by 95% VAPP that occurs among OPV recipients. (1)
The sequential schedule may also reduce VAPP among household
and community contacts of OPV recipients because IPV provides some
degree of intestinal and pharyngeal immunity. Continued use of OPV in
the series induces intestinal immunity among vaccinees, thereby
enhancing community resistance to transmission of wild virus should it
be re-introduced. With a sequential schedule, fewer injections are
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required in the second year of life than would be required if only IPV
were used, making compliance with the overall childhood vaccination
schedule easier. Finally, stocking of both poliovirus vaccines by health
care providers will facilitate parental choice. In the future, licensure of
combination products will reduce the number of injections needed to
administer the complete series of recommended childhood vaccinations.
(1)
Routine polio vaccination schedule :sequential
Dose

Usual age

Minimum interval

Primary 1(IPV)

2 months

4 weeks

Primary 2(IPV)

4 months

4 weeks

Primary 3 (OPV)

12-18 months

4 weeks

Supplemental

4-6 years

4 weeks

(OPV)
Routine polio vaccination schedule :sequential (1).

For infants, children, and adolescents through secondary school
age (generally up to age 18 years), the primary sequential series of IPV
and OPV consists of 4 doses. (1)
The vaccination series may be started as early as 6 weeks of age. The
primary series is administered at age 2 months (IPV), 4 months (IPV), 1218 months (OPV), and 4-6 years (OPV). For persons of any age, the first
three doses should be separated by at least 4 weeks, although an interval
of 6-8 weeks is preferred. It is not necessary to repeat or add doses if the
interval between doses is prolonged. Both IPV and OPV can be
administered simultaneously with DTP or DTaP (diphtheria and tetanus
toxoids and whole-cell or acellular pertussis vaccine), Hib (Haemophilus
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influenzae type b) vaccines, hepatitis B vaccine, varicella vaccine and
measles-mumps-rubella (MMR) vaccine. (1)
The risk of VAPP is highest following the first dose of OPV.
In order to have the most impact on VAPP, IPV must be given
before any dose of OPV. In addition, a single dose of IPV does not result
in significant protection. At least 2 doses of IPV must be given prior to
exposure to OPV for maximum impact. If 1 or more doses of OPV have
already been given, there is little benefit in switching to IPV. (1)

2.2.5. OPV schedule:
A schedule using OPV alone is effective for the prevention of polio
and is an acceptable alternative to the sequential schedule. An all-OPV
schedule is preferred in some circumstances. (1)
An all-OPV schedule may be preferred if the child starts the
immunization series late (>6 months of age) and the number of required
injections might hinder compliance with the accelerated schedule. OPV
may also be preferred if the child is going to visit or live in a polio
endemic area, because a high level of intestinal resistance to infection
with wild poliovirus would be desirable. A parent may refuse to allow the
child to receive additional injections, in which case OPV is an acceptable
alternative. (1)
.

Routine polio vaccination schedule :all – OPV
Dose

Usual age

Minimum interval

Primary 1

2 months

4 weeks

Primary 2

4 months

4 weeks
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Primary 3

6 months

4 weeks

Supplemental

4-6 years

4 weeks

Routine polio vaccination schedule :all – OPV.(1)

2.2.6. IPV schedule:
A schedule using IPV alone is effective for the prevention of polio
and is an acceptable alternative to the sequential schedule. An all-IPV
schedule is preferred for vaccination of an immunodeficient child or a
child with an immunodeficient household contact. IPV is also preferred
for primary vaccination of an adult over 18 years of age, such as a
traveler to a polio endemic area. To completely eliminate the risk of
VAPP, IPV may be preferred when parents do not object to additional
injections. (1)
Routine polio vaccination schedule :all- IPV
Dose

Usual age

Minimum interval

Primary 1

2 months

4 weeks

Primary 2

4 months

4 weeks

Primary 3

12-18 months

4 weeks

Supplemental

4-6 years

4 weeks

Routine polio vaccination schedule: all- IPV.(1)

If an all-IPV schedule is used, the primary series consists of three
doses of vaccine. In infancy, these primary doses are integrated with the
administration of other routinely administered vaccines. The first two
doses are recommended at 2 and 4 months of age. The third dose should
be given 6-12 months after the second and no earlier than 12- 18 months
of age. The first and second doses of IPV are necessary to induce a
primary immune response; the third dose of IPV ensures .boosting. of
antibody titers to high levels. (1)
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The preferred interval between the second and third doses of IPV
is 6 months. However, if accelerated protection is needed, the minimum
interval between doses of IPV is 4 weeks. Children who receive three
doses of IPV before the fourth birthday should receive a fourth dose
before or at school entry. The fourth dose is not needed if the third dose is
given on or after the fourth birthday. It is not necessary to repeat or add
doses if the interval between doses is prolonged. (1)

2.2.7. Interchangeability of vaccines
Completion of poliovirus vaccination with any of the three options
(sequential IPV-OPV, OPV alone, or IPV alone) is acceptable. However,
four doses of any combination of IPV or OPV by 4-6 years of age is
considered a complete poliovirus vaccination series. A minimum interval
of 4 weeks should separate all doses of the series. (1)

2.2.8. Options for reducing the number of injections:
The number of injections needed to administer all recommended
childhood vaccines to children 2 and 4 months of age (IPV, DTP or
DTaP, Haemophilus influenzae type b conjugate [Hib], hepatitis B) can
be reduced to three if IPV and Hib combined with hepatitis B vaccine are
administered. (1)
The number of injections can be reduced to two if OPV and Hibhepatitis B combination vaccines are administered. An additional option
to reduce the number of injections required at the 2 and 4 month visits is
to administer hepatitis B vaccine on a schedule of birth, 1, and 6 months
of age. (1)

2.2.9. Polio Vaccination of Adults:
Routine vaccination of adults (>18 years of age) who reside in the
United States is not necessary because most adults are already immune
and have a very small risk of exposure to wild poliovirus in the United
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States. Some adults (>18 years of age) are at increased risk of infection
with poliovirus. These include travelers to areas where poliomyelitis is
endemic or epidemic, laboratory workers handling specimens which may
contain polioviruses and health-care workers in close contact with
patients who may be excreting wild polioviruses. In addition, members of
specific population groups with a current disease caused by wild
polioviruses (e.g., during an outbreak), are also at increased risk. (1)
Recommendations for poliovirus vaccination of adults in the above
categories depending upon the previous vaccination history and the time
available before protection is required are as follows:

2.2.10. Unvaccinated adults:
For adults at increased risk of exposure to poliomyelitis, primary
immunization with IPV is recommended whenever feasible. IPV is
preferred because the risk of vaccine-associated paralysis following OPV
is slightly higher in adults than in children. The recommended schedule is
two doses given at 1- to 2-month intervals, and a third dose given 6 to 12
months later. (1)
In circumstances where time will not allow completion of this
schedule (e.g., impending travel), the following alternatives are
recommended. (1)
If 8 weeks or more are available before protection is needed, three
doses of IPV should be given at least 4 weeks apart. If 4-8 weeks are
available before protection is needed, two doses of IPV should be given
at least 4 weeks apart. If less than 4 weeks are available before protection
is needed, a single dose of either OPV or IPV is recommended. In all
instances, the remaining doses of vaccine should be given later, at the
recommended intervals, if the person remains at increased risk. (1)
Adults previously had given a complete primary course of OPV or IPV:
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Adults who are at increased risk of exposure to poliomyelitis and
who have previously completed a primary course of OPV may be given
another dose of OPV. These adults are not at increased risk of VAPP. The
need for further supplementary doses has not been established. Those
adults who previously completed a primary course of IPV may be given a
dose of either IPV or OPV. (1)

2.2.11. Incompletely immunized adults:
Adults who are at increased risk of exposure to poliomyelitis and
who have previously received less than a full primary course of OPV or
IPV should be given the remaining required doses of either vaccine,
regardless of the interval since the last dose and type of vaccine
previously received. It is not necessary to restart the series of either
vaccine if the schedule has been interrupted. (1)
Household contacts of children receiving OPV Adults who have
not been adequately immunized against poliomyelitis with OPV or IPV
have a minimal risk for developing OPV-associated paralytic
poliomyelitis when OPV is administered to children in their households.
Since 1980, one or two cases of VAPP have occurred each year among
adult household contacts of children who received OPV. (1)
During that time approximately 19 million doses of OPV were distributed
yearly. Because of the overriding importance of ensuring prompt and
complete immunization, sequential IPV-OPV vaccination of children
should begin regardless of the poliovirus vaccine status of adult
household contacts. If unvaccinated or inadequately vaccinated persons
are known to reside in the child's household, IPV alone should be used to
complete the child's vaccination, thereby reducing the already minimal
risk for VAPP among adult household contacts. (1)

2.2.12. Contraindications and Precautions to Vaccination:
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Serious allergic reaction to a vaccine component, or following a
prior dose of vaccine, is a contraindication to further doses of that
vaccine. Since IPV contains trace amounts of streptomycin and
neomycin, there is a possibility of hypersensitivity reactions in
individuals sensitive to these antibiotics. (1)
Persons with anaphylactic hypersensitivity, hives, etc., should not
receive IPV. Persons with allergies that are not anaphylactic, such as skin
contact sensitivity, may be vaccinated. Moderate or severe acute illness is
a precaution for both IPV and OPV. However, mild illness, including
mild diarrhea, is not a contraindication. (1)
OPV should not be given to individuals or household contacts of
individuals who have immune deficiency diseases, immune depression
(due to disease or therapy), or if there is suspected familial immune
deficiency. IPV may be substituted for OPV in these circumstances. (1)
In general, neither OPV nor IPV should be given to pregnant
women unless immediate protection is needed (in which case OPV is the
vaccine of choice). (1)

2.2.13. Invalid Contraindications:
Breast feeding does not interfere with successful immunization
against poliomyelitis with IPV or OPV. A dose of IPV may be
administered to a child with diarrhea. A dose of OPV may be
administered to a child with mild diarrhea. Minor upper respiratory
illnesses with or without fever, mild to moderate local reactions to a
previous dose of vaccine, current antimicrobial therapy, and the
convalescent phase of an acute illness are not contraindications for
vaccination with IPV or OPV. (1)
Inadvertent administration of OPV to members of households with
immunocompromised persons If OPV is inadvertently administered to a
household contact of an immunodeficient patient, the patient and the
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recipient of OPV should avoid close contact for approximately 4-6 weeks
after vaccination. If this is not feasible, rigorous hygiene and hand
washing after contact with feces (e.g., after diaper changing) and
avoidance of contact with saliva (e.g., sharing food or utensils) may be an
acceptable but probably a less effective alternative. Maximum excretion
of vaccine virus occurs within 4 weeks after oral vaccination. (1)
Regurgitation of OPV Infants may not completely swallow OPV.
If, in the judgment of the person administering the vaccine, a substantial
amount of vaccine is regurgitated or vomited soon after administration
(i.e., within 5-10 minutes), another dose can be administered during the
same visit. If this repeat dose is not retained, neither dose should be
counted, and the vaccine should be readministered during a later visit. (1)

2.2.14. Adverse Events Following Vaccination:
IPV:
No serious side effects of enhanced-potency IPV have been
documented. Because IPV contains trace amounts of streptomycin,
polymyxin B, and neomycin, hypersensitivity reactions may occur among
persons sensitive to these antibiotics. (1)

OPV:
In rare instances, administration of OPV has been associated with
paralysis in healthy recipients and their contacts. No procedures are
currently available for identifying persons, other than those with
immunodeficiency, who are likely to experience such adverse reactions.
Although the risk of vaccine-associated paralysis is minimal, vaccinees
(or their parents) and their susceptible, close, personal contacts should be
informed of this risk (see section on vaccine-associated paralytic
poliomyelitis). OPV may very rarely cause death due to paralytic
poliomyelitis. (1)
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2.2.15.Storage and Handling:
OPV:
Vaccine should arrive frozen on dry ice. It should be maintained at
a temperature of O°C (32°F) or lower and may be in either a frozen or
liquid state. Unopened vaccine may be thawed and refrozen for a
maximum of 10 freeze-thaw cycles, if the total cumulative duration of
thaw does not exceed 24 hours and provided the temperature does not
exceed 8°C (46°F) during the period of the thaw. (1)
Unopened vaccine may be used for up to 30 days if stored between
2°-8°C (35°-46°F). Opened multiple-dose vials of vaccine can be used for
up to 7 days if stored at 2°-8°C. The vaccine should be pink or red in
color. (1)

IPV:
The vaccine may be shipped without refrigeration provided it is
delivered within 4 days. It should be maintained at 2°-8°C (35°-46°F).
The vaccine should be perfectly clear and colorless. Any vaccine showing
particulate matter, turbidity, or change in color, should be discarded. (1)

2.3. Polio eradication:
Following the widespread use of poliovirus vaccine in the mid1950s, the incidence of poliomyelitis declined rapidly in many
industrialized countries. In the United States, the number of cases of
paralytic poliomyelitis reported annually declined from >20,000 cases in
1952 to <100 cases in the mid-1960s.(3) The last indigenous transmission
of wild poliovirus in the United States was in 1979. (3)
In 1985, the member countries of the Pan American Health
Organization adopted the goal of eliminating poliomyelitis from the
Western Hemisphere by 1990. The strategy to achieve this goal included
increasing vaccination coverage; enhancing surveillance for suspected
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cases (i.e., surveillance for acute flaccid paralysis); and using
supplemental immunization strategies such as national immunization
days (NIDs), house-to-house vaccination, and containment activities. (3)
In 1988, the World Health Assembly (the governing body of the World
Health Organization) adopted the goal of global eradication of
poliomyelitis by the year 2000. This goal is defined as:
• No cases of clinical poliomyelitis associated with wild poliovirus, and
• No wild poliovirus found worldwide despite intensive efforts to do so.
(3,15)
Substantial progress toward meeting this objective has already
been achieved in many WHO regions, including East Asia, the Middle
East, Southern and Eastern Africa, and Europe. (3)
By the end of 1996, almost all polio-endemic countries outside the
African region of WHO will have conducted NIDs, as had >50% of
African countries. The number of reported cases of paralytic polio, as
well as the number of countries (3) reporting cases, has decreased
significantly since the global eradication program began.(3)
The polio eradication initiative is supported by a coalition of
international organizations that includes WHO, the United Nations
children's Fund (UNICEF), and other bilateral and multilateral
organizations. Rotary International has contributed more than $240
million to support the eradication initiative.(3)

2.3.1. Why polio eradication:
Polio is one of only a limited number of diseases that can be
eradicated. This is because polio only affects humans, an effective
vaccine is available, and immunity is lifelong. There are no long-term
carriers of the disease, no animal or insect reservoir, and the virus can
only survive for a very short time in the environment. Like other viruses,
poliovirus can only multiply by invading a cell and hijacking the cell's
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own mechanism for replication. Once the virus is deprived of its human
host—through immunization—it will rapidly die out. (10)
As the level of routine immunization coverage increases, the
circulation of wild poliovirus is reduced but does not stop altogether.
When the goal is to eradicate rather than control the disease, a more
aggressive strategy is needed. WHO adopted a polio eradication strategy
that involves mass immunization campaigns, door-to-door immunization,
rapid response to suspected polio cases, investigative work to identify
cases that may have been missed, and viral detective work in the
laboratory to isolate poliovirus and pinpoint the original source. In areas
where polio is no longer occurring, the same investigative methods are
needed to provide conclusive evidence that wild poliovirus is no longer in
circulation. (10)
The strategy is four-pronged. It comprises high routine
immunization coverage achievement of the highest possible routine
immunization coverage (_80%) with at least 3 doses of oral polio vaccine
(OPV). (16) supplementary immunization in the form of national
immunization days or mass campaigns; effective surveillance; and in the
final stages, when very few or no cases are occurring, door to- door
immunization campaigns ("mopping up") in areas where the virus
persists. (17, 18, 19)

2.3.2. Polio eradication strategies:
Routine coverage
A cornerstone of the polio eradication strategy is the need to ensure
a consistently high level of routine immunization coverage with oral polio
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vaccine among children under one—reaching children even in the most
difficult places. This reduces the incidence of polio and makes
eradication feasible. Unless high immunization coverage is maintained,
pockets of non-immunized children build up—creating the ideal
conditions for the spread of poliovirus. WHO has established a global
target of at least 90% immunization coverage for all vaccines used in the
Expanded Programme on Immunization, including oral polio vaccine, by
the year 2000. (10)
By 1995, global immunization coverage for polio was over 80%
but coverage in some countries—especially those affected by war—were
much lower. In Afghanistan, fewer than 25% of children were immunized
and fewer than 20% in Chad. In Chechnya, in the Russian Federation, a
bitter conflict succeeded in halting immunization for three years and in
1995 there was an outbreak of polio involving over 150 cases. Elsewhere,
even short-term drops in immunization coverage— in Albania,
Azerbaijan, Bulgaria, and Tajikistan, for example—have helped fuel
epidemics of polio. (10)
When polio has been eradicated globally, immunization
against polio will no longer be needed. In the meantime, countries in the
Americas, where polio has been eradicated since 1991, must continue to
ensure high levels of routine immunization coverage to prevent the reestablishment of poliovirus if it is re-introduced from other countries.
(10)

Mass campaigns
The second part of the strategy involves supplementary
immunization in the form of mass campaigns. National immunization
days are intended to complement, not replace, routine immunization. The
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aim is to interrupt the circulation of poliovirus by immunizing every child
in the highest risk age group (normally the under-fives) as rapidly as
possible. In countries where polio is endemic, this usually involves
organizing two rounds of national immunization days a year—one month
apart—over a period of at least three years. The aim is to catch children
who are non-immunized, or only partially protected, and boost the
immunity of children already immunized. (2, 10)
This way, every child in the most susceptible age group is
protected against polio at the same time—instantly depriving the virus of
the fertile seedbed on which it depends. (10)
1995 and 1996 were both record years for mass immunization
campaigns against polio. During 1995, almost half the world's children
under five—300 million children—were immunized during national
immunization days. In December alone, 160 million children were given
oral polio vaccine during campaigns in China and India. In China, the
number of reported cases dropped from over 5000 in 1990 (an epidemic
year) to only 3 in 1996—all of them classified as cases imported from
another country. In India, which had accounted for more than half the
world's polio cases, over 93 million children under three were immunized
in the country's first national immunization day in December 1995. A
year later, when the target group was extended to include all children
under five, 127 million children were immunized on a single day. During
1996, over 420 million children ere immunized during national
immunization days—almost two thirds f the world's children under five.
(10)

Surveillance
The third part of the strategy is surveillance—the intelligence
network hat underpins the entire eradication initiative. Without this
investigative framework, it would be impossible to pinpoint where and
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how wild poliovirus is still circulating or to verify when it has been
eradicated. (10)
Effective polio surveillance requires an expert team of virologists,
epidemiologists, clinicians, and immunization staff, backed up by a
global network of laboratories. The first link in the chain are field
workers in health centers. They are asked to report promptly every case
of acute flaccid (floppy) paralysis in any child under 15. In addition, a
health officer is expected to visit hospitals and rehabilitation centers to
search for any AFP cases that may have been misdiagnosed, overlooked,
or never reported. This involves reviewing both inpatient and outpatient
records, as well as interviewing key staff. Contacts are also established
with community leaders, teachers, and social workers to inquire about
cases of recently paralysed children. (10)
WHO stresses that all cases of acute flaccid paralysis (AFP) should
be reported. AFP cases occur at all ages, due to causes other than polio.
The number of cases reported each year is used as an indicator of
the sensitivity of a country's surveillance system—even in countries
where the disease is no longer occurring. A country's surveillance system
should be sensitive enough to detect at least one case of AFP for every
100 000 children under 15—even in the absence of polio. (10)
In the early stages, polio may be difficult to differentiate from
other forms of acute flaccid paralysis. For this reason, doctors are urged
to report every case of AFP—even when they are confident, following a
clinical examination, that the case is not polio. Demonstrating that these
children are not paralysed by wild poliovirus is crucial evidence for
documenting the eradication of polio. As polio disappears under the
pressure of national immunization days, almost all AFP cases will be due
to other causes. At least half of all AFP cases will be due to GuillainBarré syndrome—a disease of unknown origin which affects people of all
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ages but occurs mainly in adults. Guillain-Barré syndrome is usually a
symmetrical form of paralysis (affecting both sides equally) which results
in complete recovery in most cases. Polio usually results in asymmetrical,
permanent paralysis. Among the many other causes of acute flaccid
paralysis are transverse myelitis, traumatic neuritis, and infections caused
by other enteroviruses. (10)
To exclude the possibility of polio, faecal specimens have to be
obtained and tested for the presence of poliovirus. Because shedding of
the virus is variable, two specimens—taken at least 24 hours apart— are
taken for analysis. Speed is essential as the highest concentrations of
virus are found during the first two weeks after the onset of paralysis.
(10)
Stool specimens have to be carefully sealed in clean containers and
stored immediately inside a refrigerator or packed between frozen ice
packs at 4-8°C in a cold box, ready for shipment to a laboratory. (10)
Undue delays or prolonged exposure to heat on the way to the
laboratory may destroy the virus. Specimens should arrive at the
laboratory within 72 hours of collection. Otherwise they must be frozen
(at -20°C), and then shipped frozen, ideally packed with dry ice or cold
packs also frozen at the same temperature. The procedure is known as the
"reverse cold chain". (10)
At the laboratory, specimens are inoculated onto cell culture and
virologists begin the task of isolating poliovirus and identifying which, if
any, of the three types is involved. If viruses grow in the cell culture, the
next step is to differentiate poliovirus from any other viruses that may be
present. To do this, antibodies specific to individual viruses are
introduced to block the growth of these viruses—enabling virologists to
single out poliovirus. (10)
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If poliovirus is isolated, the next step is to distinguish between wild
(naturally occurring) and vaccine poliovirus. One way of doing this is to
introduce antibodies specific to either vaccine or wild strains of the virus
to detect subtle differences in their surface properties (an Elisa test).
Another way is to introduce a special "probe" which identifies a virus by
binding to its genetic material when it is exactly matched— a technique
that has been compared to zipping up a zip fastener when the sequence of
teeth is correctly aligned on either side. (10)
Once it has been established that a wild virus is involved,
immunization staff are notified immediately. Then further tests are
carried out to determine how closely related it is to other strains of wild
poliovirus— and where it originated. To do this, virologists remove a
segment of genetic material from the virus and multiply the segment a
million fold in order to study the sequence of the genetic building blocks.
By determining the exact sequence of "bases" in the genetic make-up of
the virus, wild viruses can be classified into genetic families which
cluster in defined geographical areas. The virus is then checked against a
reference bank of known polio-viruses. Virologists have shown that
mutations occur in the genetic material of the poliovirus each time it is
transmitted from one person to another. Over a year, the genetic make-up
of the virus often changes by up to 2%. (10)
When differences of greater than 10% are identified between
viruses, they are no longer considered to belong to the same genetic
"family". (10)
Once polio has been traced to its "family tree" it can often be
pinpointed to a precise geographical area. Is the virus of local
(indigenous) origin or was it imported from elsewhere? Genetic
fingerprinting helps identify the source of importations of poliovirus—
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both long-range and cross-border—and is crucial in determining the most
appropriate immunization strategy. (10)
Precise information on the patterns of poliovirus circulation is
essential in drawing up the most cost-effective strategies for global
eradication. Where the geographical zone identified extends across
national borders or regions, inter-regional action may be needed to
synchronize

national

immunization

days

and

maximize

their

effectiveness. (10)
In the Mekong delta region of Viet Nam and Cambodia, for
example, polio cases occurring in both countries are caused by closely
related polioviruses. Because of this, national immunization days were
coordinated on both sides of the border to maximize their impact. (10)
Elsewhere, China and Myanmar are also coordinating cross-border
polio eradication activities. And in April 1995, WHO launched a
regionally

coordinated

mass

immunization

campaign—Operation

reaching 56 million children that year in 18 adjoining countries in the
Middle East, Caucasus, and the Central Asian Republics. And in one
week in December 1996, over 250 million children were immunized in a
coordinated campaign in Bangladesh, Bhutan, China, India, Myanmar,
Nepal, Pakistan, Thailand, and Viet Nam. Until recently, two thirds of all
polio cases occurred in South East Asia and viruses originating in this
region were also responsible for seeding many outbreaks in other regions
of the world. During 1992 and 1993 alone, viruses from the Indian
subcontinent are believed to have been responsible for importations of
wild virus in countries as far a field as Canada, Germany, Jordan,
Malaysia, the Netherlands, Norway, Oman, Sweden, and the United Arab
Emirates. (10)
WHO, in collaboration with national governments, has established
a network of over 80 laboratories to provide virological surveillance.
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There are three tiers, each providing specialized services: over 60
national laboratories, 14 regional reference laboratories, and six global
specialized laboratories. The laboratory network provides the only means
of identifying where poliovirus persists and where eradication activities
should be targeted. When no cases of polio are occurring, the laboratory
network will play a crucial role in certifying the eradication of polio—by
establishing the absence of wild poliovirus. (10)
At this stage, surveillance may also entail analysis of stool
specimens from healthy children in high-risk areas and possibly of
sewage and waste water as well. In Colombia, this approach was used in
1991 in Cartagena, a high-risk area where AFP cases were not being
properly investigated and very few polio cases were being reported. Tests
revealed that wild poliovirus was present in 8% of faecal samples from
healthy children and in over 20% of sewage water. As a result, children in
high-risk areas in Cartagena and along the entire Pacific coast of the
Americas were immunized in door-to-door campaigns— and polio was
eradicated from Colombia. (10)
Today there is an urgent need to step up the quality of surveillance
in many countries. During 1996, of the 116 countries where polio is
still—or was until recently—endemic, only 25% met the essential
criterion of reporting at least one case of acute flaccid paralysis for every
100 000 children under 15. To make matters worse, by the end of 1996,
15 of the recently endemic countries had still not officially established
surveillance systems for acute flaccid paralysis—a crucial requirement
for assessing the impact of national immunization days and for the
certification of polio eradication. Unless surveillance systems are rapidly
established in these countries, regional and global certification of polio
eradication by the year 2000 could be in jeopardy. (10)

Mopping up
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When very few or no cases of polio are occurring, the final strategy
is implemented. This involves door-to-door immunization ("mopping
up") in high-risk districts where the virus is known or suspected to be still
circulating. Priority districts include those where polio has occurred in the
previous three years and where access to health care is difficult. Other
criteria include overcrowding, high population mobility, poor sanitation,
and low routine immunization coverage. In Peru after the last reported
case of polio in 1991, almost two million children were immunized in a
one week door-to-door campaign.(10)

2.4. Expanded program on immunization in Sudan
Immunization programs have had a major impact on the health
status of the population as many diseases are prevented through
immunization. For instance , smallpox was globally eradicated 1977 as
one of the greatest achievements in the area of public health and since
then EPI programs have been established all over the world on the
foundation of smallpox eradication . It is one of the most cost – effective
public health interventions ever known. (20, 27)
In Sudan the Expanded Program on Immunization (EPI) was
launched in 1976. The program has introduced the six traditional EPI
antigens with the measles vaccine as the last antigen to be introduced in
1985. Polio, measles and Maternal and Neonatal Tetanus (MNT)
campaigns

conducted

by

the

program supplement

the

routine

immunization activities. In early 2005, with support of Global Alliance of
Vaccines and Immunization (GAVI), the program has introduced
Hepatitis B vaccine in a phased manner to complete national coverage be
end of 2006. (19 ,22,27)

2.4.1. EPI Mission:With support of different stakeholders and through full engagement
and participation of community members and target groups, EPI mission
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is to ensure provision of quality, efficient and sustainable immunization
services for vaccine preventable diseases.

2.4.2. Program Objectives:The Federal Ministry of Health (FMoH) policy document has
endorsed the following program objectives:- To achieve and maintain not less than 90% immunization coverage of
all children less than one year old for all antigens .
- To eradicate poliomyelitis by the end 2005.
- To eliminate maternal tetanus by achieving and incidence rate 1: 1000
live Birth in all localities.
- To achieve 90% and 95% reduction of mortality and morbidity
respectively due to measles beside increasing the coverage rates and
achieving disease eradication / elimination goals , the EPI strategic plan
has the following objectives :* Reinforcing management and strengthen micro planning at locality
level.
* Rehabilitation, renewal and expansion of the cold chain system to cover
all accessible populations.
* Introduction of Hepatitis B and Hib vaccines in the national
immunization schedule.

2.4.3. Program Strategies:The strategies of EPI adopted by the FMoH to improve the EPI
services include:- Delivery of EPI services through a combination of fixed immunization
posts with sustained outreach and mobile services.
- Strengthening of the cold chain system, with continued improvement of
vaccine management.
- Empowering the locality level and build up the capacity of EPI health
personnel.
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- Involvement of physicians and other health personnel in EPI activities
and Increase co – ordination and collaboration among immunization
stakeholders.
- Strengthening of EPI information system with special emphasis on an
integrated Acute Flaccid Paralysis (AFP) surveillance system improve all
EPI disease surveillance.

2.4.4. EPI service introduction:
2.4.4.1. Routine vaccination children:According to the National Immunization policy, the objectives of
the EPI are to complete vaccination of children before their first birth day
according to the schedule.
Routine vaccination schedule
Type

Usual age

Minimum interval

BCG

At birth

Zero

OPV+DPT+Heb b

6 weeks

4 weeks

OPV+DPT+Heb b

10 weeks

4 weeks

OPV+DPT+Heb b

14 weeks

4 weeks

Measles

9 months

Zero

National Routine vaccination schedule. (23)

2.4.5. Strengthening routine Immunization:
With corporation of the partners including GAVI , most of the
projected objectives of the plan have been achieved, whereas the
immunization coverage (DPT3) in Sudan increased from 64% in 2002 to
79% by the end of 2004 and 83.4% in 2005.(23,24)
The number of states achieving 80% coverage increased from 7 in
2002 to 10 in 2003 then reached 14 in 2004 and 15 states by the end of
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2005. At district level 68% of districts achieved coverage of 80% and
more in 2005 compared to 22% in 2002. (23)
All these achieved figures have been further supported by the
improved EPI information system that had accredited by passing the data
quality audit (DQA) in 2004 with verification factor (VF) of 0.96 and
quality of system index 90.6%. (23)

2.4.6. Building of EPI infrastructure:
Vaccines are very delicate and they have to be stored in the cold
chain between 2-8 ◦C. The cold chain is the back bone of EPI and
composed of a net work of cold / freezer rooms, refrigerators, freezers
and cold boxes organized and maintained by teams of people all over the
world. During 2002 – 2004, the program started a notion- wide
rehabilitation of cold chin at all levels, resulting in improved cold chain
functionality from 50% during 2001 to above 80% in 2004. In addition, in
2005, there was also an expansion in EPI service delivery network, the
fixed sites were increased by 33% (1148 sites), and there was an increase
of 91% in the outreach services (3925 site), and 245% in the mobile
activities (828 mobile team) from 2002. (23)
With regard to the area of human resources development and in
order to raise the technical capacities of the EPI staff many training
modules and guide lines had been produced following the WHO manuals
and guide lines. Refresh training courses are conducted on regular basis
in EPI, in addition to the training activities, the process of developing and
updating locality micro plans has a major effect on improving planning
capabilities of EPI at all levels. (23)

2.4.7. Sources of finance:
The main partners of the EPI are WHO and UNICEF with other
NGOs. The main partners provide the technical and financial support to
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the program in routine as well as the supplementary immunization
activities. (23, 24)
WHO provides technical support by international, national officers
and co- coordinators at Federal and state levels. The main support for the
WHO goes to AFP Surveillance with all its expenses, NIDs for polio
eradication and training. UNICEF provides the vaccines with syringes
and safety boxes as a bundle for routine and campaigns, they provide
financial and technical support to NIDs, MNT and other routine EPI
activities with special emphasis on social mobilization as well. (23)
In 2002, the program has got approval for GAVI support for five
years. GAVI provides immunization services support for routine
activities against certain targets to be achieved every year. GAVI alliance
also supports the introduction of new vaccines. Thus, hepatitis B vaccine
introduction was approved for ten years; which was introduced into the
EPI in 2005 in a phased manner and a nation- wide roll out was planned
to be achieved by end of 2006. (23)
The government is mainly responsible for the payment of the
EPI staff at all levels (federal- health unit), and supporting the program in
transportation and other logistical issues. (23, 26)

2.5. Sudan Polio Eradication Initiative:
Immunization coverage is the problem of individual in the
target population who are immunized. The target population for the
BCG, DPT, OPV and measles vaccines is children under one year of
age. High immunization coverage is important because it is the only
way to reduce the number of cases of vaccine-preventable diseases. (23,
2)
Knowing what you want to achieve and helping health workers to
use recommended practice are important steps to take towards ensuring
positive result with annual targets. (23, 11)
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Immunization experienced many type of barriers that affect the
coverage of immunization some of them are: parent lack information
and awareness, languages, literacy level, religious – culturalphilosophical believe, in adequate financial resources, fear of
immunization, lack of access, miss-conception about immunization, in
adequate staffing, fragmentation of services, failure of patient to return
for vaccine, conflicting professional guidelines, misconception about
contraindication (physiological reason for not immunization a child )
and missed-opportunity. (23, 12, 26)
There are encouraging preliminary signs that global alliances for
vaccines and immunization (GAVI) may be contributing to an increase
in overall coverage rates in countries supported by the Vaccine Fund in
the past two years. Since the inception of the Alliance, routine
immunization has received more attention and many countries have
worked hard to improve their immunization services, achieving
remarkable results. (23, 13)
In recent years, Sudan has demonstrated one of the greatest
priorities and successes of the global / regional polio eradication imitative
despite being the largest country in Africa sharing borders with 9 other
countries, suffering along standing internal conflict and having sub –
optimal routine immunization coverage. (23)
Polio eradication activities were started in 1994 and a
double-round campaign of national immunization days (NIDs) has been
conducted since then, the EPI has implemented over 13 National
Immunization Days (NIDs), each of them targeted around 6 million
children below the age of five years; and with a reasonable quality
observed wild poliovirus in the country. (23, 26)
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In the period 1994-1997 those campaigns covered mainly the
government-controlled areas in both northern and southern sectors.
Starting from 1998, areas under control of SPLM/A (Sudan People
Liberation Movement/Army) were covered by OPV immunization. WHO
in collaboration with its partners in Operation Lifeline Sudan programme
(OLS) were responsible for conducting supplementary immunization
activities (SIAs) as well as AFP surveillance. (23)
OPV was delivered to children less than 5 years of age in fixed
vaccination posts until the second half of 2000 when house-to-house
immunization was adopted. War-affected areas were reached frequently
using the benefit of periods of tranquillity secured by government of
Sudan (GOS) and SPLM/A. (23)
Overall routine immunization coverage has improved evidenced by
the OPV coverage rate which was 64% in 2002 and was 83% during
2005. Added to strengthening the management, the states benefited very
much from the GAVI support to do this excellent progress. (23)
AFP surveillance system was established in 1996 and 1998 in the
north and the south respectively. At the beginning of 2000 WHO
provided technical and financial support so that by the beginning of 2001
the AFP surveillance in the country attained the globally required
certification level. The stool samples from the GOS-controlled area and
from SPLM/A controlled area were tested in the national polio laboratory
in Khartoum and Nairobi respectively. (23)

2.6. Poliomyelitis outbreaks:
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After the 1988 World Health Assembly resolution to eradicate
poliomyelitis globally, the number of polio-endemic countries decreased
from 125 in 1988 to six (Afghanistan, Egypt, India, Niger, Nigeria, and
Pakistan) in 2003. (27)
However, during 2002--2005, a total of 21 previously polio-free
countries were affected by importations of wild poliovirus (WPV) type 1
from the six remaining countries (primarily Nigeria) where WPV was
endemic; four countries (Indonesia, Somalia, Sudan, and Yemen) had
outbreaks of >100 polio cases (28,29). By the end of 2005, WPV
transmission in all 21 countries except Somalia had been interrupted or
substantially curtailed. (29)

2.6.1. Origins and Timelines of Importations
Comprehensive sequencing data enable tracing of the origins and
routes of virus importations. Of 21 previously polio-free countries with
importations since 2002, a total of 11 countries in Africa detected WPV
type 1 during September 2002--June 2004; the virus was imported
directly from Nigeria into Benin, Botswana, Burkina Faso, Cameroon,
and Chad and indirectly from Nigeria through neighboring countries to
Central African Republic, Côte d'Ivoire, Ghana, Guinea, Mali, and Togo.
The number of reported polio cases resulting from a single importation
ranged from one in multiple countries to 44 in Chad. (29)
In addition, WPV type 1 of Nigerian origin was transmitted into
seven other countries after virus from the Chad outbreak spread to Sudan
in mid-2004. During November 2004--July 2005, WPV from Sudan
spread to Eritrea, Ethiopia, Saudi Arabia, and Yemen; subsequently,
WPV was imported into Indonesia from Saudi Arabia and into Somalia
from Yemen. The number of polio cases ranged from one in Eritrea to
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large outbreaks in Yemen (478 cases), Indonesia (299), Somalia (154),
and Sudan (146) (29, 30, 31, 32).
WPV type 1 originating from India has resulted in 15 polio cases in
three countries since 2002. WPV type 1 was imported into Lebanon (one
case in January 2003), Angola (10 cases during April--November 2005)
(31), and Nepal (four cases during August--October 2005 from multiple
importations). (29)

2.6.2. Consequences of WPV Importation
Imported WPV did not result in sustained transmission in eight of
the 21 countries, including four countries (Botswana, Eritrea, Lebanon,
and Togo) with only one case and four countries (Benin, Cameroon,
Nepal, and Saudi Arabia) with either polio cases not directly linked
genetically or epidemiologically or with a duration of WPV transmission
of <6 months. In the remaining 13 countries, imported WPV caused
multiple-case outbreaks lasting >6 months. In eight (Burkina Faso,
Central African Republic, Chad, Côte d'Ivoire, Ghana, Guinea, Mali, and
Sudan) of the 13 countries, transmission is considered to have stopped,
with a median interval between the first and the last case of 315 days
(range: 184--743 days). (29)
The eight countries without sustained WPV transmission differed
in other ways from the 13 countries with sustained transmission.
According to World Health Organization (WHO)/UNICEF estimates for
2003, the eight countries had median vaccination coverage (3 doses of
live, attenuated oral polio vaccine [OPV3] by age 12 months) of 83%
compared with a median coverage of 52% in the other 13 countries (p =
0.001, Wilcoxon rank-sum test). The median proportion of districts with
reported coverage of at least 80% also differed: 63% for the eight
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countries without sustained WPV transmission and 20% for the 13
countries with sustained transmission (p = 0.009). (29,34, 35)

2.6.3. Timeliness of Detection and Response
The median interval from onset of paralysis in the first case to
laboratory confirmation of WPV was 51 days (range: 24--123 days) in the
21 countries with importations. The median interval from laboratory
confirmation to supplementary immunization activity (SIA) was 37 days
(range: 7--102 days). All countries conducted multiple SIA rounds (mean:
four rounds; range: two to 10 rounds) in response to WPV importations,
some of which had already been planned because of the known high risk
for importations. SIAs in west and central Africa and Sudan were
synchronized among as many as 22 countries. The median interval from
onset of the first case to the first large-scale (i.e., >25% of children)
vaccination response was 92 days (range: 60--202 days). (29)

2.6.4. Countries with Ongoing Transmission
In six countries (i.e., five with sustained transmission [Angola,
Ethiopia, Indonesia, Somalia, and Yemen] plus Nepal with repeated
importations), transmission was detected during the most recent 6-month
period. Nepal reported a case with onset on October 24, 2005, and
ongoing transmission, although unlikely, cannot be excluded. The
following are summaries of the status in the three countries with recent
WPV transmission and large outbreaks. (29)
Yemen. Six years after its last clinically confirmed polio case in
1999 and 4 years after conducting its last national immunization day
(NID) in 2002, Yemen confirmed its first case of imported WPV
infection (onset February 2005) in late April 2005. Even before the first
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case in the outbreak was identified, an NID round was conducted in midApril 2005 in response to the threat of importation from Sudan. Six
additional NIDs were conducted during May--December 2005, with type
1 monovalent OPV (mOPV1) used for three of the six rounds. A total of
478 polio cases have been reported from 21 of 22 governorates, with only
five cases reported after the September NID; the most recent onset was
November 17, 2005. (29)
Indonesia. Ten years after its last clinically confirmed polio case
and 2.5 years after it's most recent SIA, Indonesia confirmed its first case
of imported WPV infection (onset in March 2005) in West Java Province
in May 2005. By the time the first response SIA was conducted, targeting
6.4 million children aged <5 years in three provinces of the island of Java
(25% of the national target population), 99 additional cases had occurred;
the outbreak had grown to 252 cases in seven provinces when the first of
three full NIDs targeting 24 million children was conducted in August
2005. To date, 299 cases have been reported from 10 provinces on Java
and Sumatra; 11 cases have been reported since the September NID
campaign, with the most recent onset on December 4, 2005. (29)
Somalia. The first case of polio in Somalia in 2005, which resulted
from importation of WPV from Yemen, had onset of paralysis in the
capital city of Mogadishu in July 2005 and was confirmed in September
2005. Before this case occurred, the last confirmed polio case in Somalia
(WPV type 3) occurred in October 2002. Because of the difficulties of
implementing polio eradication strategies in Somalia, which has been
affected by chronic conflict and security problems, OPV SIA campaigns
have been conducted in Somalia every year. Four NIDs (two using
mOPV1) were conducted during February--July 2005 in response to the
risk for WPV importation from nearby countries. After the onset of polio
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cases in July, three additional NID rounds were conducted during
August--November 2005. To date, 154 cases have been confirmed, with
the most recent onset on November 30, 2005; the cases have included 140
from Mogadishu, 11 from an adjacent district, one from a district west of
Mogadishu, and two from a district in northwest Somalia near the
Ethiopian border. (29)

2.7. Poliomyelitis outbreak in Sudan:
In 1993 a large outbreak of paralytic poliomyelitis occurred in
Sudan as a result of accumulation of large numbers of susceptible
children that was accelerated by faltering immunization services. The
extent of the outbreak led to rapid rehabilitation of Sudan’s Expanded
Programe on Immunization (EPI), the government began financing
vaccine purchase, operational aspect of EPI were decentralized, vaccine
delivery was changed from a mobile to fixed-site strategy, a solar cold
chain network was installed, in-service training was resuscitated, and a
social mobilization was enhanced. National Immunization Days (NIDs)
for poliomyelitis eradication was conducted throughout the country,
including the southern states during a cease fire in areas of conflict. (36)
Sudan has not reported polio cases since April 2001 when one wild
polio case P1 was reported from Unity state (OLS area). As a result of
the intensified SIAs, the indigenous wild poliovirus transmission has
been interrupted for three consecutive years (May 2001-April 2004).
Since then, Sudan remained free of poliovirus until the first imported
poliovirus was detected in May 2004 in West Darfur. (37)
On 26 May 2004 an AFP case was reported from Forbaranga town,
Habeela locality in West Darfur State, and on 22 June 2004, the Regional
reference laboratory confirmed that the diseased child was a case of
poliomyelitis, marking the first occurrence of this disease in Sudan after
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three years of WPV free status. The virus in this case has been linked
genetically to wild poliovirus type 1 detected in Chad. It was originally
imported to Chad from North East Nigeria in May 2003. The case was a
female child, 5 years of age living with her parents and did not move
from the town during the past month of the onset. The parents gave
history that a family of a relative who was residing in Chad had visited
the patient’s family. The onset of paralysis was on 20 May 2004, and
although the place was insecure and remote, yet the surveillance team
was able to detect the case, carry out case investigations and collect
adequate stool samples on 27 and 28 May 2004 that arrived to National
Polio Laboratory on 1/6/2004. Sequencing result indicated that the
poliovirus was P1 related to poliovirus detected in Chad in August 2003.
(37)
Early in July 2004 poliomyelitis cases caused by the same virus
started to be reported from Kas locality of South Darfur State that has
several internally displaced populations (IDP). Kas is located at cross
roads and people traveling from Forbrunga usually pass through it and
may settle for a while with relatives from the same tribe. After that
poliovirus (P1) cases continued to be reported from various places in the
country and by the 10th of August 2005, a total of 155 poliomyelitis cases
were reported. (37)
From 18 states 10 of these cases were imported case from Chad
and Nigeria and the rest were indigenous virus. (4, 38)
All cases were due to WPV1 except for 3 cases of P3, which
were detected in Babanosa (West Kordufan State) and South Sudan
(SPLM) areas. (37)

2.8. Poliomyelitis outbreak in Khartoum state:
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Since the year 2000 Khartoum state did not recorded any
confirmed polio case although there is an effective AFP surveillance
system. (5)
On 31th of August 2004 a confirmed polio case was detected In
Angola camp Jabal Awlia locality the family of this case have received
visitors from Chad the country where still polio disease is endemic, and
then (41) wild polio cases were reported in the recently settled/IDP areas
of Khartoum, the distribution of this cases comprised all localities of
Khartoum state (from August 2004 to January 2005) as follow:
Khartoum (6) cases.
Gabal awlia (18) cases.
Umdurman (1) case.
Karary (2) cases.
Umbada (9) cases.
Bahary (2) cases.
Nile east (4) cases.
The highest number of these cases (18 cases) was reported in Jabal
Awlia locality particularly in the camps and in poor sanitation areas. (6)
Isolate four wild polio cases from Umbada and Karary belong to a
different genetic lineage with an undetermined geographic source. (6)
The speed and scale of this epidemic was very fast and wide due to
recurrent importations at the beginning of the high transmission season;
low population immunity due to the cessation of NIDs in 2003 for
insufficient funds; suboptimal routine immunization; large population
movements as a result of the ongoing conflict in western Sudan.(40)

2.9. Previous studies:
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Several visits to the area (Babanosa town) where the case was detected
were done. The findings showed that Babanoosa is located at a junction of
railways and national roads to the south and western regions of Sudan. Total
population about 43,127, most of them are working in the railway station,
market, Babanoosa Milk Factory, Military Camp and others work as peasants.
The total under five children were about 7,185. A vaccination survey has
been conducted in the area, where the child was staying. Forty houses were
selected randomly from different directions away of the house where the
affected child was living. It was found that, the vaccination status of under five
children in the surveyed area was very high by routine immunization (94%) and
for the 2002 NIDs was 98%. The survey teams have searched for additional
AFP cases in the health facilities and community. No more cases were found. A
big IDP camp in Babanosa was also found. All the IDPs living in that camp
came from the southern states. The interview with the community leader
(Sultan) revealed that the movement from the south to north is on-going. Later,
in the subsequent two months southern polio programme reported another two
P3 cases from two southern states. The origin of these viruses is not clear until
now. After that poliovirus (P1) cases continued to be reported from various
places in the country and by the 10th of August 2005, a total of 155
poliomyelitis cases were reported from 18 states. All cases were due to WPV1
except for 3 cases of P3, which were detected in Babanosa (West Kordufan
State) and South Sudan (SPLM) areas. (4)
The high speed and scale of this epidemic was due to:
• The importation occurred at the beginning of the high transmission
season;
• the large population movements as a result of the ongoing insecurity in
Darfur;
• Low population immunity due to the cessation of NIDs after 2002 and
sub optimal routine immunization coverage due to security factors and
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other reasons (problems related to funding, management; skilled
manpower, logistics, etc).
• The population movement from West African countries through Sudan
to the holly lands for Hajj or Omra is historical and had been associated
with communicable diseases outbreaks, such as small box, relapsing
fever, etc.; and
• The situation in IDP camps is characterized by overcrowding and poor
hygienic standards.
The importance of these factors is reflected in the geographic distribution of
cases. Out of 155 cases, 24 cases were in Port Sudan and most of the Khartoum
43 cases were in the recently settled/IDPs areas. The other cases were
distributed in the central and southern parts of the country. (4)
More than 80% of the cases were among children less than 3 years of age;
and the vaccination status of cases was poor as over 50% were un-immunized or
partially immunized. (4)
The comparison of polio cases against the other AFP cases in respect to
immunization status shows that there is a significant difference between the
group with 4 or more OPV doses and those who were not, or partially
vaccinated (OR=2.3, CI: 1.36-4.03, p< 0.005). (4)
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Chapter (3)

3. Methodology
3.1. Study area:
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Khartoum state which is the capital of Sudan, and it is one of the
25 states of Sudan. (48)
Khartoum state is the political and commercial centre of Sudan. It
is of 20140 km2 and situated in the centre of Sudan. It lies between
latitudes 15.1 to 16.3 degrees north and longitudes 31.35 to 34.2 degrees
east. (48)
The most prominent features are the blue and white Nile at the
centre of the city to form the main stream of the river Nile. (48)
The state has been divided in to seven localities, and there are 141
governmental Primary health care centers, and all these centers provide
immunization services. (48)
Population now is estimated about 5.548.784 amounting to an
average annual growth rate of 6.29. About 44% of population of the state
is life time migrant. (48)
A study conducted by the National Population Council showed that
approximately 1000 persons enter and settle in the state daily. (48)
The average size of the house – holds is 6.1 persons per house. (48)
Children under five accounts for 15.1 %( higher in the rural area
14.3%) while those under fourteen years of age constitute 37.6%. The
working age (15-59) accounts for 57.9% of the total population . (48)
42.4% of the population is economically active. The un
employment rate in the state is 13.5%, literacy rate for persons 6 years
and over is 72% for both sexes. (48)
Religions: Muslims 70%, Indigenous beliefs 25%, Christians 5%. (48)

3.2. Study population:
The study population comprised all the mothers of children who
developed poliomyelitis during the epidemic in Khartoum state.

3.3. Study design:
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Case study.
3.4. Sampling:
3.4.1. Sample size:
This study covered all mothers of children who have been infected
with Poliomyelitis (total coverage) 42 mothers during 2004-2005.
3.4.2. Tools of data collection:
The data were collected by the following methodologies :
Questionnaire: which focused on investigating knowledge,
attitudes of mothers of children who have been infected with
Poliomyelitis in Khartoum state 2004-2005 with regard to its
transmission routes and prevention and Practices of mothers
towards immunization services utilization. And Immunization
status of infected children and Family movement .
Observation check list : which covered the General (hygiene)
environment of the infected children homes and personal
hygiene of the infected children and their care takers.
EPI records: which covered the laboratory results and the onset
date.

3.5. Data processing & analysis:
Data were processed and analyzed by the computer using SPSS
program.

3.6. Ethical Considerations:
Consent was taken from the health authorities (MOH, and
localities). Also consent from the interviewed persons was obtained.
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Chapter (4)

4. Results & Discussion
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4. 1. Results:
This study was conducted in year 2006, out of (42) wild polio virus
infected children registered in Khartoum state during the epidemics of
2004-2005.40 cases out of 42 cases were involved in this study, the
remaining two cases were not available in Khartoum state during the
study period.
Figure (1) The respondent's residential area, Khartoum state 2006,
(N= 40):
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Almost half of cases from Jabal awlia locality and, the remaining cases
distributed on the other six localities of Khartoum state.
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Table (1). The respondent's age, Khartoum state 2006. (N= 40):
Age
20-30 years old
31-40 years old
41-45 years old
Total

Frequencies
19
20
1
40

Percent
47.5
50
2.5
100

Half of the respondents were in age group (31-40) years old.
Table (2). The respondent's occupation, Khartoum state 2006.
(N= 40):
Occupation
Frequencies
Percent
Employee
1
2.5
Laborer
2
5
Housewives
36
90
Others
1
2.5
Total
40
100
Majority of the respondents were housewives.
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Table (3). The respondent's martial status, Khartoum state 2006.
(N= 40):
martial status
Frequencies
Percent
Married
38
95
Divorced
1
2.5
Widow
1
2.5
Total
40
100
Majority of the respondents were married.
Table (4). The respondent's religion, Khartoum state 2006.
(N= 40):
Religion
Frequencies
Percent
Muslim
27
67.5
Christian
13
32.5
Total
40
100
Two thirds of the respondents were Muslims and one third were
Christians
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Figure (2). The respondent's educational level, Khartoum state 2006.
(N= 40):
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Illiterate
Basic
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Almost two thirds of the respondents were illiterate.

Table (5). The Father's occupation, Khartoum state 2006.
(N= 40):
Occupation
Frequencies
Percent
Employee
1
2.5
Laborer
13
32.5
Self employed
25
62.5
Others
1
2.5
Total
40
100
Two thirds of the infected children fathers were self employed.
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Table (6). The Father's educational level, Khartoum state 2006.
(N=40):
Educational level
Frequencies
Percent
Illiteracy
25
62.5
Basic
7
17.5
Secondary
8
20
Total
40
100
Almost two thirds of the infected children fathers were illiterate.
Table (7). The Father's religion, Khartoum state 2006.
(N= 40):
Religion
Frequencies
Muslim
27
Christian
13
Total
40

Percent
67.5
32.5
100

Two thirds of the infected children, fathers were Muslims.
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Table (8). The family monthly income, Khartoum state 2006.
(N= 40):
Monthly income
Frequencies
Percent
Less than 50.000 SD
36
90
50.000- 1.00.000 SD
2
5
More than 1.00.000 SD
2
5
Total
40
100
The majority of the families had a monthly income of less than (50.000
SD).
Table (9). The respondent's knowledge about poliomyelitis, Khartoum state
2006.
(N= 40):
Knowledge
Frequencies
Percent
Know
33
82.5
Don’t know
7
17.5
Total
40
100
The majority of the respondents claimed that they knew about
poliomyelitis.
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Figure (3). The respondent's knowledge about the port of entry of polio
virus, Khartoum state 2006.
(N= 33):
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All the respondent's did not know about the route of entry of poliovirus.
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Figure (4). The respondent's knowledge about the infectivity of
poliomyelitis, Khartoum state 2006.
(N= 33):
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More than half of the respondents believed, that poliomyelitis is not
infectious disease.

Table (10). The respondent's knowledge about the mode of transmission of
polio virus, Khartoum state 2006.
(N= 5):
Knowledge
Frequencies
Know
2
Don’t know
3
Total
5
(3) Of the respondents whom believed that poliomyelitis is infectious
disease didn’t know about the polio virus mode of transmission
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Table (11). The respondent's knowledge about the methods of prevention
from polio virus, Khartoum state 2006.
(N= 33):
Knowledge
Frequencies
Percent
Know
22
66.7
Don’t know
11
33.3
Total
33
100
Two thirds of the respondents knew about method of prevention.

Table (12) The respondent's
Khartoum state 2006.
(N=40):
Knowledge
Know
Don’t know
Total

knowledge about the immunization program,
Frequencies
40
Zero
40

Percent
100
Zero
100

All the respondents generally knew about the immunization program.
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Table (13). The respondent's knowledge about the
Polio Vaccine dose in the body. Khartoum state 2006.
(N= 40):
Knowledge
Frequencies
Know
5
Don’t know
35
Total
40

Location of the Oral
Percent
12.5
87.5
100

The majority of the respondents did not know about location of the polio
doses in the body.
Table (14). The respondent's knowledge about the date of OPV vaccination,
Khartoum state 2006.
(N= 40):
Knowledge
Frequencies
Percent
Know
10
25
Don’t know
30
75
Total
40
100
Three quarters of the respondents didn't know about date of vaccination
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Figure (5). The respondent's knowledge about the number of basic OPV
doses, Khartoum state 2006.
(N= 40):
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The majority of the respondents didn't know about number of basic doses

Table (15). The respondent's knowledge about the interval between OPV
doses, Khartoum state 2006.
(N= 40):
Knowledge
Frequencies
Percent
Know
10
25
Don’t know
30
75
Total
40
100
Three quarters of the respondents did not know about interval between
doses.
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Figure (6). The respondent's trustiness about the effectiveness of the
polio vaccine, Khartoum state 2006.
(N=40):
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More than half of the respondents either hesitated or rejected the
effectiveness of the polio vaccine.
Table (16). The respondent's advice and counseling before vaccination,
Khartoum state 2006.
(N=40):
Received counseling
Frequencies
Percent
yes
13
32.5
No
27
67.5
Total
40
100
Two thirds of the respondents depend upon their own judgment in the
vaccination of their children.
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Table (17). The respondent's decision when the counselor has negative
opinion towards vaccination, Khartoum state 2006.
(N=13):
Respondents decision
Frequencies
Percent
Considered his opinion
8
61.5
Not considered his opinion
5
38.5
Total
13
100
Almost Two thirds of the remaining respondents agree with their husband
opinion even if it is negative.
Table (18). The type of unit in which the respondents received services ,
Khartoum state 2006.
(N=36):
Type of unite
Frequencies
Percent
Fixed centers
30
83.3
Out reach centers
4
11.1
Mobile team
2
5.6
Total
36
100
The majority of the respondents were received services in fixed centers.
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Table (19). The type of respondent's transportation used to visit the
vaccination unit, Khartoum state 2006.
(N=36):
Type of transport
Frequencies
Percent
By feet
30
83.3
By local transport
6
16.7
Total
36
100
The majority of the respondents did not use transportation for their visit
to the vaccination unit.
Figure (7). The vaccination unit distance from respondent resident,
Khartoum state 2006. (N=36):
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Three quarters of the respondents resident were about (0.1-1 km) from the
vaccination unit
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Table (20). The cost of transportation per visit per SD, Khartoum state 2006.
(N=6):
Cost per visit
Frequencies
Percent
60
1
16.7
100
3
50
300
2
33.3
Total
6
100
Half of the respondents paid (100 SD) as transportation cost per visit to
the vaccination unit.
Figure (8). The continuity of immunization services, Khartoum state 2006.
(N=40):
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The majority of respondents had continuous immunization services in
their resident's areas.
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Table (21). The respondent's knowledge about the vaccination unit
sessions time table, Khartoum state 2006.
(N= 36):
Knowledge
Frequencies
Percent
Know
8
22.2
Don’t know
28
77.8
Total
36
100
Three quarters of the respondents did not know the immunization
sessions time table in their health units.

Figure (9). The availability of services during sessions, Khartoum state
2006.
(N= 36):
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Not available
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The majority of the respondents received immunization services during
their visits to the health units.
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Table (22). The reasons for lack of services, Khartoum state 2006.
(N= 5):
Reasons
Frequencies
Vaccine shortage
1
No session
2
Absences of vaccinator
1
Eligible vaccination date
1
Total
5
(2 out of 5) respondents did not know the session time table of unit.

Table (23). The frequencies of lack of services, Khartoum state 2006.
(N= 5):
Frequencies of lack of services
Number of respondents
Once
3
Twice
1
Three times
1
Total
5
(1 out of 5) respondent faced lack of services three times.
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Table (24). The payment for vaccination, Khartoum state 2006.
(N= 36):
Payment
Frequencies
Percent
Yes
8
22.2
No
28
77.8
Total
36
100
Almost one quarter of the respondents paid for immunization services.
Table (25). The place of payment, Khartoum state 2006.
(N=8):
Place of payment
Frequencies
The health unit door
1
The vaccination place
7
Total
8
(7 out of 8) respondents paid for immunization directly.
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Table (26). The amount of money paid for immunization services, Khartoum
state 2006.
(N=8):
Money (SD)
Frequencies
Percent
50
1
12.5
100
7
87.5
Total
8
100
(7 out of 8) respondents paid (100 SD) for vaccination services.

Table (27). The respondent's practices towards the continuity of
vaccination, Khartoum state 2006.
(N=40):
Practices
Frequencies
Percent
Always vaccinate
27
67.5
Some times
9
22.5
Never
4
10
Total
40
100
Two thirds of the respondents always vaccinate their children.
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Table (28). The vaccination status for the respondent's under five age
children, Khartoum state 2006.
(N=84):
Vaccination status
Frequencies
Percent
Full immunized
45
53.6
Partially immunized
19
22.6
Non immunized
20
23.8
Total
84
100
More than half of the respondent's children under five were full
immunized.
Table (29). The respondent's children who had Immunization cards,
Khartoum state 2006.
(N=64):
Number of children
Frequencies
Percent
Having immunization cards
15
23.4
Not having immunization cards
49
76.6
Total
64
100
Almost one quarter of the respondent's children had immunization cards.
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Table (30). The reasons behind non- vaccination, Khartoum state 2006.
(N=13):
Reasons
Frequencies
Percent
Neglect
7
53.8
Ignore
3
23.1
Custom – tradition
1
7.7
Religion believe
3
23.1
Total
13
100
More than half of the respondents not vaccinating their children because of
neglecting.

Figure (10). The infected children sex, Khartoum state 2006.
(N=40):
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Almost two thirds of the infected children were male, while (37.5%) of
them were female.
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Figure (11). The Infected children age at the date of onset, Khartoum state
2006
(N=40):
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Almost three quarters of the infected children had the infection in age
from 1 year old to 3 years.
Table (31). The date of infection (Distribution of cases per months),
Khartoum state 2006
(N=40):
Month
Frequencies
Percent
August 2004
1
2.5
September 2004
15
37.5
October 2004
13
32.5
November 2004
9
22.5
December 2004
1
2.5
March 2004
1
2.5
Total
40
100
The outbreak reached its peaks in September 2004 and October of the
cases 2004.

91

Table (32). The location of paralysis in the body, Khartoum state 2006
(N=40):
Location of paralysis
Frequencies
Percent
One Upper extreme
1
2.5
Both Upper extremes
0
0
One Lower extreme
16
40
Both Lower extremes
18
45
asymmetric
1
2.5
others
4
10
Total
40
100
Most of the cases have paralysis in both lower extremes.
Table (33). The number of infected children who received polio vaccine,
Khartoum state 2006.
(N=40):
Number of children
Frequencies
Percent
Received polio vaccine
35
87.5
Not received polio vaccine
5
12.5
Total
40
100
Majority of the infected children received polio vaccine according to their
mothers recall.
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Table (34). The number of infected children who received basic doses of
polio vaccine, Khartoum state 2006.
(N=40):
Number of children
Frequencies
Percent
Received basic doses
30
75
Not received basic doses
10
25
Total
40
100
Three quarters of the infected children received basic doses.

Table (35). The number of basic doses received by the infected children,
Khartoum state 2006 .
(N-30):
Number of basic doses
Frequencies
Percent
One dose
7
23.3
Two doses
5
16.7
Three doses
18
60
Total
30
100
More than half of the infected children received three basic doses of polio
vaccine.
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Table (36). The source of information regarding to the number of basic
doses, Khartoum state 2006.
(N=30):
The source of information
Frequencies
Percent
Immunization card
4
13.3
The mother
26
86.7
Total
30
100
Majority of the infected children didn't have immunization card.
Table (37). The type of immunization units where the infected children
received their basic doses, Khartoum state 2006.
(N=30):
Type of unit
Frequencies
Percent
Fixed unit
27
90
Out reach unit
1
3.3
Mobile team
2
6.7
Total
30
100
Majority of the infected children received vaccination services in fixed
units.
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Figure (12). The vaccination status of the infected children before the
infection, Khartoum state 2006.
(N=40):
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Almost half of the infected children received zero – less than 3 doses.

Table (38). The number of infected children that received polio vaccine after
the infection, Khartoum state 2006.
(N=40):
Number of children
Frequencies
Percent
Received
6
2.9
Not received
34
97.1
Total
40
100
The majority of the infected children did not received polio vaccine after
the infection took place.
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Figure (13). The respondent's original residence, Khartoum state 2006.
(N=40)
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Third quarters of the respondents were from Dafur states, Kordfan states
and Southern states.
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Table (39). The date of the respondent's resident in Khartoum, Khartoum
state 2006
(N=40):
Location
Frequencies
Percent
Up to 5 years
3
7.5
6-12 years
7
17.5
More than 12 years
28
70
Not applicable
2
5
Total
40
100
Almost three quarters of the respondents settled in Khartoum state for
More than 12 years.
Table (40). The travels of the infected children before the onset, Khartoum
state 2006.
(N-40):
Child traveled
Frequencies
Percent
Traveled
6
15
Not traveled
34
85
Total
40
100
The majority of the infected children not traveled before the onset date.
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Table (41). The interval between the travel and the appearance of the
symptoms, Khartoum state 2006.
(N=6):
The interval
Frequencies
Percent
Less than month
3
50
One month
Zero
Zero
More than month
3
50
Total
6
100
In half of the infected children who traveled the symptoms appeared in
less than month after they traveled.
Table (42). The number of respondents received visitors from out side
Khartoum states before the appearance of the symptoms, Khartoum state
2006.
(N=40):
Frequencies
Percent
Having visitors
5
12.5
Not Having visitors
35
87.5
Total
40
100
Majority of the respondents did not received visitors from out side
Khartoum states before the appearance of the symptoms.
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Table (43). The interval between the visit and the appearance of the
symptoms, Khartoum state 2006.
(N=5):
The interval
Frequencies
Less than month
One month
More than month
Total

3
Zero
2
5

(3 out of 5) of the infected children whom received visitors from out
Khartoum state the symptoms appeared in less than month from the date
of visit
Table (44). The Respondent's visitors travel pathway, Khartoum state 2006.
(N=5)
The path way
Frequencies
Came directly
5
Came indirectly
Zero
Total
5
All the visitors came from their residents directly to the respondent's
home.
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Table (45). The respondent's resident surrounding area sanitation,
Khartoum state 2006.
(N=40):
The sanitation
Frequencies Percent
Planning of area
Cleaning of the area
Presences of breeding sites

26
9
29

65
22.5
72.5

More than half of the respondents reside in planned area, less than quarter
of this area were clean and in almost three quarters of this area there were
presence of breeding sites.
Figure (14). The respondent's resident sanitation, Khartoum state 2006.
(N=40):
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Almost three quarters of the respondent's resident sanitation were poor.
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Table (46). The human waste disposal in the respondent's home, Khartoum
state 2006.
(N=40):
Human waste disposal
Percent
Good
Poor
Total

48
52
100

More than half of the respondents had a poor disposal for Human waste.
Table (47). The infected children's family personal hygiene, Khartoum state
2006.
(N=40)
Percent

personal hygiene

Parents
Children
The infected children

Good

Poor

24.7
18.9
13

75.3
81.1
87

Three quarter of the infected children parents had a poor personal
hygiene, while the majority of the infected children brothers and sisters
had a poor personal hygiene; the majority of the infected children had a
poor personal hygiene.
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4.2. Discussion:
Intensified poliomyelitis eradication activities have dramatically
reduced the number of poliomyelitis cases occurring in Sudan and
especially in Khartoum state in which there is no confirmed polio case
reported since the year 2000 although there is an effective AFP
surveillance system. (39)
In the face of this success, the sudden occurrence of poliomyelitis
outbreak in the last quarter of the year 2004 which resulted in (42) polio
cases in Khartoum state out of (143) in the whole country and
identification of factors associated with this outbreak was of major
concern. Several possible factors may contribute to occurrence of this
outbreak; the objective of this study was to investigate such factors.
As a matter of fact that people’s knowledge may affect their level of
health status, this study revealed that knowledge of respondents towards
Poliomyelitis (although their children exposed to polio infection) was
very poor, and this is represented in lack of knowledge about modes of
transmission, port of entry for polio virus and the infectivity of the
disease. By definition the previous exposure to disease must provide good
source of knowledge about this disease but the situation in this study was
differ. This may be attributed to lack of information that should have
been disseminated when the disease occurred. (41)
Respondent's attitudes towards vaccination as a major method for
prevention from polio virus were found to be negative. The reasons
behind this attitude may be due to some religious believes, the
doubtfulness about the effectiveness of vaccination in preventing the
diseases, misunderstanding and wrong information about the main cause
of the disease. These reasons complied with what officials from health
ministries and EPI programmes stated regarding the common problems
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that EPI programmes have been facing which greatly affect immunization
rates in developing countries. (10, 42)
Despite the above mentioned facts, the respondent's practices
towards vaccination programme are to some extent high-since 67.5%
indicated that they continue utilize vaccination services. This result agree
with that indicates the percentage of children who have received
vaccinations (fully and partially immunized) - under 5 years (76.1%).
Amongst the fully immunized children 45/84 (53.4%), only 15 (23.4%)
have immunization cards while the rest mentioned the state of child’s
immunization by recalling the history, and when taking cards only to
reveal the status of vaccination coverage among the total children under
five years (84 children), the percentage is very low (17.9%). Some
reservations may be made regarding the accuracy and the trueness of
information obtained from history and in fact many factors may have
contributed to this. Illiteracy is relatively high among the respondents
(62.5%) in both mothers and their husbands. This may significantly affect
the childhood immunization status in a direct proportional relation and
affect parent’s ability to recall the dates and the types of doses received.
Previous study in Guatemala found a significant association between
parents’ level of education and their children status of immunization. (44)
Another reason is that some parents and to avoid feeling guilty in
front of the interviewer, they may state that their children have received
vaccination and so they inflate the number of doses received. Another
important reason which may affect depending on history is that most of
the respondents have poor knowledge regarding vaccination schedule for
polio vaccine (43)
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Amongst the infected children, only 47% were found to have

received less than three doses of OPV in both routine and during NIDs.
To induce sufficient immunity, it was set that children in developing
countries where sanitation problems are prevailing and poor hygiene
conditions are evident, should receive at least three doses of OPV (45, 46)
With regard to accessibility of immunization service, the study
reveled that 83.3% of respondents receive their vaccinations at fixed sites
(i.e. hospitals, health centers, etc….) and 11.1% receive their vaccinations
at outreach sites while only 5.6% use to have their vaccinations through
mobile teams. This reflects that accessibility is not an issue or a barrier.
To support these findings, it was found that almost 80% of respondents
live in areas where vaccinations sites are located within a distance of less
than 1km and 83.3% of the residents do not need transportation facilities
to reach the service point. These findings comply with what Khartoum
state EPI authorities mentioned regarding adequacy and proper
distribution of vaccination sites (47), the same thing was mentioned by
the beneficiaries themselves since 31 out of 36 (86.1%) indicated that
they did not face any problems even when reaching vaccination point
where vaccine is available, the vaccinator was also present and with all
the required facilities available at the site.
Despite the regulations imposed by the health authorities regarding
provision of free immunization services, many beneficiaries stated that
they have to pay in order to receive their vaccinations, a practice which is
strictly prohibited by the federal ministry of health though a small
percentage of beneficiaries have mentioned that as a reason behind low
utilization rates of vaccination services. (45).
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The existence and circulation of polio virus in Khartoum state is a
sign of poor immunity level among the children under five years who
supposed to have enough immunity level from both routine immunization
and the repeated doses given during NIDs and SNIDs being implemented
over the past 10 years. This suggests that the administrative coverage data
reported by the local health authorities may lack accuracy or might have
been inflated for a reason or another - otherwise, polio virus should not
spread widely in settings where children have adequate immunity level
even if the virus is imported or the cases were migrated. Referring to the
results above discussing the accessibility which show good access, the
problem of so called low immunity level may be due to low utilization
rates during NIDs or SNIDs by the beneficiaries themselves and this may
be because of education barrier or some religious factors.
In connection with what have been mentioned above, it was found
that about 70% of respondents have migrated from other areas and settled
in Khartoum state and for some of them, this migration has took place 12
years ago while only 15% of the respondents have traveled out of
Khartoum State and returned back home before their children being
infected. This may suggest that infected children might have got the
infection when traveling away from home to other areas or if they have
visitors coming from areas where polio virus is there (12.5% have
received visitors from other areas). These results agree with those
indicated by the householder which revealed that the first case of the
poliomyelitis in Khartoum state during the outbreak have received
visitors from Chad, the country where still polio disease is endemic while
the records of the investigation revealed that onset of the disease in the
polio case of Khartoum state appeared within two weeks which matches
the incubation period of polio virus (1) which the spread and cases begun
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to be reported in the same neighbor hood. This indicates that the
movement was one of the major factors contributed in the poliomyelitis
out break in Khartoum state especially when it was associated with the
poor sanitation and bad practices towards prevention methods and lack of
awareness (5)
The observations taken during the site visits revealed that the
neighborhoods where the interviewed peoples live have problems of
overcrowding, poor hygiene conditions, inadequate sanitation facilities
and improper disposal of wastes, low level of personal hygiene and flies
breeding. Such situation may create a favorous environment for the polio
virus to present and spread (16, 10).
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5. Conclusion & Recommendations
5.1. Conclusions:
1. The knowledge of the respondent's about polio virus was very poor
(all of the respondent's don’t know the port of entry, more than half of the
respondent's don’t know the mode of transmission, most of the
respondent's don’t know the infectivity of disease, and most of the
respondent's don’t know the immunization procedures of polio virus).
2. More than half of the respondents had negative Attitudes towards
immunization.
3. Most of the respondents had poor practices towards immunization of
poliomyelitis.
4. The vaccination status of the majority of the infected children is very
weak according to the presences of the immunization cards for routine
immunization.
5. The immunization services within the surveyed areas are available and
easily accessible. However, few of the respondents were pushed to pay
for the services.
6. The outbreak took-place at the peripheral areas of Khartoum State
where people live in very poor environmental conditions, i.e., shortage of
safe water supply, spread of flies, accumulation of solid wastes, improper
sanitary facilities, and poor personal hygiene.
7. The mobility of the population is a closely-related factor in
contributing to the occurrence of outbreak within the surveyed areas.
Where the first case occurred 15 days later after a visitor from Chad came
to the family during the same period of the outbreak in Chad.
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5.2. Recommendations:
1. Designing an effective health education programs devoted for the areas
at high risk and where outbreaks are expected in order to raise home
takers awareness towards the nature of poliomyelitis and its modes of
transmission, complications, and the methods of prevention.
2. Proper environmental sanitation practices should be encouraged and
supported by facilitating the services and raising the awareness of
peoples.
3. Health education programs must be implemented intensively during
outbreaks or even during the presence of sporadic cases, which is by
experience proved its effectiveness
4. A regular geographical health surveillance is essential for obtaining
basic data, and then classifying residential areas according to the
likelihood of spread of such outbreaks which is eventually facilitate the
process of planning.
5. Coordination with the security sector in order to identify migrated
families and population groups earlier particularly in displacing camps to
target them by an intensive, available, accessible and free immunization
services
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