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ABSTRACT 

Nigeria remains one out of the three countries in the v. or Id yet to interrupt endemic 

Poliomyelitis. The disease thus continues to thrive in Nigeria, Afghanistan and Pakistan. Four 

doses of OPV have been used in the Polio Eradication Initiative Programme in Nigeria. 

However, a single dose of Oral Polio Vaccine has been known to produce immunity to 

approximately 50% of recipients and three doses to 95%. Thus multiple Immtmization 

Campaigns have been carried out and yet there is failure to eradicate Poliomyelitis. This failure 

to eradicate the disease globally raises the question of the effectiveness of the continuing use of 

4 doses of OPV in the prevention programme in endemic Countries. 

Understanding the association between the Oral Polio vaccine Status and Wild Poliovirus cases 

among AFP cases could help provide details for policy direction on the number of OPV to be 

given during Campaigns. This study was therefore conducted to deter1nine the optin1wn OPV 

dose for prevention of Wild Poliovirus in Nigeria and its Clinical Effective11ess under field 

conditio11s in tl1e actt1al community 

Secondary data analysis from 2009 to 2012 of the National AFP Strrveillance Syste1n from the 

36 states and FCT in Nigeria was done. Descriptive statistics was used to describe AFP 

occt1rre11ce. OR and ROC curve was used to deten11ine the clinical effectiveness of OPV and 

logistic 1·eg1·ession used to ide11tify predictors of the disease. 

A total of 24848 cases of AFP were analyzed. About l1alf were betwee11 12-3 5 months of age 

witl1 57% 1nales. Northern states l1ad the higl1est occt1n·ence of AFP cases reported (29%).A 

majority (70. 7%) had 1·eceived over 3 doses. Efficacy of OPV was found to be maximized i11

children wl10 l1ad received 4 doses (92%) followed by 80% in those witl1 3 doses and 57o/o in 

those with 2 doses.OPV sensitivity and specificity was 1naximum at a cut-off point of 4 doses 

producing the best efficacy on the ROC curve. 

It is therefore recommended that 4 doses of OPV should be continued in the National Polio 

Eradication Programme. Ke)"vords: 

Poliomyelitis , Oral Polio vaccine, Receive1· Operating Characteristic Ct1rve and Clinical 

effectiveness of Oral Polio vacci11e 

336 ,vords 
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CHAPTER ONE 

INTRODUCTION 

1.1 Gener1ll Bacl<ground 

Polio or Poliomyelitis is an acute viral disease characterized by inflammation of the nerve cells 

of tl1e brain stem and tl1e spinal co1·d. Tl1e disease is caused by a virus called Poliovirus. It 

belongs to tl1e ge11us, Enterovirus and the frunily, Picornaviridae. Viruses in this family are small 

in size witl1 single stranded RNA. There are 3 serotypes: types I, 2 and 3. Type 1 is the 

conu11onest and n1ost virulent. Type 2 l1as not been detected globally since 1999. (Hovi et al, 

2001). 

Most cases are seen duri11g the hot humid months, with the virus infectjng all susceptible 

indi,1iduals (Nathanson et al, 1984) Paralysis is seen in about I% of all infections. Transmission 

usually occurs via ilie fecal-oral route (Plotkin et al, 2008). Immunity against polio is conferred 

through immunization or natural infection, with immunity to one type not necessarily resulting in 

immunity to the remaining two types. (Plotkin et al, 2008) Achieving vaccine-induced immunity 

req11ires at least three doses of OPV, and even a higher number of doses through mass 

,1accination campaigns in endemic countries such as Nigeria, where persistent circulation of the 

virus has never been interrupted ((Plotkin et al, 2008) (WHO, 2008). With model polio 

vaccination campaigns in the Americas in the last half of the 20 th century resulting in the 

interruption of wild poliovirus circulation in that region, the WHO (World Health Assembly. 

1988) launched a global effort to eradicate polio. 

In May 2012, after more than 20 years of mass vaccination campaigns, the 65th World Health 

Assembly declared that the completion of poliomyelitis eradication \\aS a 'programmatic 

emergency for global public health''. (WHA, 2012) A lot of progress has been made '"itb the 

initiation of Global Polio Eradication Initiative. The four ke,f strategies Olltlined b,· the \\7orld
. .... .-

Health Organization for stopping polio transm1ss1on are: 
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• High infant irom11ni:zation coverage with four doses of oral polio vaccine (OPV) in the

first year of life in developing and ende111ic co11ntries, and routine imm11nization with

OPV and/or IPV elsewhere.

• Organi�ion of ''National imm11nization days" to pro,ride supplementary doses of oral

polio vaccine to all children less than five years of age.

• Active surveillance for wild poliovirus through reporting and laboratory testing of all

cases of acute flaccid paralysis among children less than fifteen years of age. 

• Targeted "mop-up" campaigns once wild poliovirus transmission is limited to a specific

focal area.

Substantial fmancial and political pledges to poliomyelitis eradication have recently re 

intensified efforts, and prevalence of poliomyelitis is at a historical low level, although 

transmission in Afghanistan, Pakistan, and Nigeria remains persistent. Globally, case numbers 

have fallen (1651 cases in 2008 vs 223 in 2012), and India, once one of the most entrenched 

reservoirs, is now free of indigenous poliovirus transmission. Ho,;vever, in Nigeria, Poliomyelitis 

cases doubled between 2011 and 2012, with sustained transmission of all three serotypes in 2012 

(103 and 19 cases due to serotypes 1 and 3 wild poliovirus and eigl1t due to circulating vaccine

derived poliovirus type 2 [ c VDPV2]). In 2012, Nigeria was the global epicenter of poliovirus 

outbreaks, astonishing those who commended its success during 2010 when case numbe1·s fell by 

95%. (WHO, Meeting of the Strategic advisory group of experts on immu11ization, November 

2011, 2012) 

1.2 'Problem State111er1t 

The number of polio cases has fallen by 99% since 1988(350,000 cases to 650 in 2011.) 125 

countries were endemic in 1988 as compared to 3 Countries in 2014. The failure to stop Polio in 

the remaining areas could result in as many as 200 000 new cases every year, within 1 O years all 

over the world. At present there are 3 endemic countries remaining in the world: Afghanistan, 

Pakistan and Nigeria (WHA, 2012). Nigeria constitutes 95% of the total WPV in the World 

(100% to Polio burden in Africa) & only Country where the 3 serotypes exist; WPV1&3 and 

c VDPV2) despite several cainpaigns. Nigeria can be said to hold the lcey to Polio eradication in 

Africa and possibly the whole world.(Mangal et al, 2014) In 2012 there were 122 cases of Wild 

• 2 
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Polio Viruses in Nigeria- (223 globally), 90% in the North and 16 WPV cases in 2013- (CDC, 

20 I 3) Children that took as many as 20 doses of OPV are known to be infected \.\ri.th \\'ild P0li o 

Virus. 

In 2012, 77o/o of the children who took many doses of OPV still came down with WPV - (WHA, 

2012). Nigeria is so slow in eradication of Wild poliovirus as a result of man)' factors including 

bad politics, refusal of the OPV, bad health system. There is therefore need to find out the 

optim11m OPV dose that will help prevent occurrence of Poliomyelitis in Nigeria 

1.3 Justification 

It is a known fact that Poliomyelitis is endemic in Nigeria despite the fact that 4 doses of the Oral 

Polio vaccine is routinely given to children. The thriving of Wild Poliovirus in Nigeria poses a 

serious threat to the eradication of Poliomyelitis globally as Viruses from Nigeria can be 

imported and continue to cause epidemics in other nearby countries due to hidden or 

reestablished transmission (WHA, 2012). 

Poliomyelitis therefore has to be eradicated globaU)'. The eradicatio11 of Polio1nyelitis has been 

declared as an emergency. With four doses being gi,1en routinely and yet the continued spread of 

the Poliovirus, it is possible that 4 doses are not sufficient for the prevention of tl1e disease. 

Other socio-demographic factors may also be associated with the continued occurrence of the 

disease and there is also the possibility of reduced clinical effectiveness of the Oral Polio vaccine 

under field condition in the actual community. It is wortl1y to 11ote that the Set date for 

eradication has been fixed a number of times and it is unknowi1 when eradication will be 

achieved. 

As earlier stated, despite many OPV doses (on-going efforts) given, children who receive this 

vaccine are still contracting the wild Poliovirus infection. There is therefore the need to know 

how many OPV doses a child should be given tl1at will have protective effect. Use of 

epidemiologic technique to predict this optimum dose is therefore hlghly indicated. 

Findings from this study will indicate and provide the optimum OPV dose that will prevent the 

occurrence of Poliomyelitis crucial to the acllievement of eradication and deter1nine clinical 

3 
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effectiveness of the OPV in Nigeria 1hls study will provide findings that will advise Prog1am 

.managers and Clinicians appropriatel) as well as guide policy makers. 

1.4 Research Questions 

This study will answer the following questions: 

1. What is the Pattern of Acute Flaccid paralysis (AFP) reported and investigated in the National

Polio Surveillance System? 

2. What is the Oral Polio Vaccine (OPV) Status of the AFP cases in Nigeria?

3. What is the Epidemiology of Wild Poliovirus (WPV) isolated in the national Polio

Surveillance System by sex, num her of dose of OPV taken, location, age and trends over time ? . 

4. How the dose of OPV and socio-demographic factors are associated with occurrence of Wild

Polio Virus among AFP cases? 

5. What is the Optimwn dose of OPV that is needed to prevent the occurrence of Wild Polio

Virus? 

1.5 Objecti,,es 

Broad Objectives: 

To describe the Epiden1iology of Wild Poliovirus and determine tl1e optimum dose of OPV 

needed to prevent its occurrence an1ong reported APP cases using the National AFP Surveillance 

System Data. 

Specific Objectives: 

I. To dete1·1nine the Pattern of Acute Flaccid paralysis (APP) reported and investigated in the

National Polio Surveillance System. 

2. To assess the Oral Polio Vaccine (OPV) Status of the AFP cases and WPV cases.

3. To describe the Epide1niology of Wild Poliovirus (WPV) isolated in the national Polio

Surveillance System. 

4 
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4. To dete1111ine the clinical effectiveness of Oral Polio vaccine.

5. To identify the socio-demographic factors and dose of OPV associated with occurrence of

WPV. 

6. To predict the Optimum dose of OPV that is needed to prevent the occurrence of Wild Poljo

Virus. 

• 
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CHAPTER T\\ 0 

• 

LITERATURE REVIEW 

2.1 Dermition of PoliomJ'elitis 

Poliomyelitis, often called polio or infantile paralysis, is an acute., viral, infectious disease spread 

from person to person, primarily via the fecal-oral route(Cohen et al, 2004) The terrn derives 

from the Ancient Greek polios {1toA.16c;), meaning "grey", myel6s (µucA6c; ''marrow''), referring to 

the grey matter of the spinal cord, and the suffix -itis, which denotes inflammation. (Chamherlin 

et al, 2005). It is the effect of the Poliomyelitis virus on the spinal cord that leads to the classic 

manifestation; paralysis. 

Although approximately 90% of polio infections cause no S)'Illptoms at all, affected individuals 

can exhibit a range of symptoms if the virus enters the blood stream. (Ryan et al, 2004) In about 

1 % of cases, the virus enters the central nervous system, preferentially infecting and destroying 

motor neurons, leading to muscle weakness and acute flaccid paralysis. Different types of 

paralysis may occur, depending on the nerves involved. Spinal polio is the most common fonn, 

characterized by asymmetric paralysis that most often involves the legs. Bulbar polio leads to 

weakness of muscles innervated by cranial nerves. Bulbospinal polio is a combination of bulbar 

and spinal paralysis. (Atkinson et al, 2009) 

Poliomyelitis is caused by infection with a member of the genus Enterovirus known as 

poliovirus (PV). This group of RNA viruses colonize the gastrointestinal tract (Cohen, 2004) 

specifical]y tl1e oropharynx and the intestine. The incubation time (to the first signs and 

symptoms) ranges from three to 35 days, with a more co1TI1non span of six to 20 days. PV infects 

and causes disease in humans alone. Its structure is very simple, composed of a single ( +) sense 

RNA genome enclosed in a protein shell called a capsid. (Atkinson et al, 2009) Three serotypes 

of poliovirus have been identified,-poliovirus type I (PV I), type 2 (PV2), and type 3 (PV3 )

each with a slightly different capsid protein. (Katz et al) All three are extremely virulent and 

produce the same disease symptoms. PV 1 is the most conunonly encou11tered form, and the one 

most closely associated with paralysis. (Ohri et al, 1999). 

6 
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CHAPTER T\r\'O 

LITERATURE REVIEW 
• 

2.1 Defmition of Poliomyelitis 

Poliomyelitis, often called polio or infantile paralysis, is an acute, viral, infectious disease spread 

from person to person, primarily via the fecal-oral route(Cohen et al, 2004) The terrn derives 

from the Ancient Greek polios (1toA.t6�), meaning "grey", mye/6s (µuEA.6� ''marrow''), referring to 

the grey matter of the spinal cord, and the suffix -itis, which denotes inflammation. (Chamherlin 

et al, 2005). It is the effect of the Poliomyelitis virus on the spinal cord that leads to the classic 

maoi f estation; paralysis. 

Although approximately 90% of polio infections cause no symptoms at all, affected individuals 

can exhibit a range of symptoms if the virus enters the blood stream. (Ryan et al, 2004) In about 

1 % of cases, the virus enters the central nervous system, preferentially infecting and destroying 

motor neurons, leading to muscle weakness and acute flaccid paralysis. Diffe1·ent types of 

paralysis may occur, depending on the nerves in,1olved. Spinal polio is the most common form, 

characterized by asymmetric paralysis that most often involves the legs. Bulbar polio leads to 

weakness of muscles innervated by cranial nerves. Bulbospinal polio is a combination of bulbar

and spinal paralysis. (Atkinson et al, 2009) 

Poliomyelitis is caused by infection with a member of tl1e genus Enterovirus known as 

poliovirus (PV). Tl1is group of RNA viruses colonize the gastrointestinal tract (Cohen, 2004) -

specifically the oropharynx and the intestine. The incubation time (to the first signs and 

symptoms) ranges from three to 35 days, with a more co1m11on span of six to 20 days. PV infects 

and causes disease in humans alone. Its structure is very simple, composed of a single ( +) sense 

RNA genome enclosed in a protein sl1ell called a capsid. (Atkinson et al, 2009) Three serotypes 

of poliovirus have been identified:-poliovirus type 1 (PV 1 ), type 2 (PV2), and type 3 (PV3 )

each with a slightly different capsid protein. (Katz et al) All three are extremely virulent and 

produce the same disease sy1nptoms. PV 1 is the most commonly e11countered for111, and the one 

most closely associated with paralysis. (Ohri et al, 1999). 
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The virus does not survive long in the environment outside the human body and there is no long-

term earner state Person -to -Person spread via faeco-oral route is the most important route of 

transmission. Oral-oral route ma)' also acco11nt for some cases. Two peaks of transrmss10� 

February to May (low transmission period) and August to November (high transmission period) 

in Africa are recogxiized, while transmission peaks in winter in the temperate countries. Cases are 

most infectious from 7 to 1 Odays before and after the onset of symptoms (Atkinson et al, 2009) 

2.2 ffistory of Poliomyelitis 

Poliomyelitis was first recognized as a distinct condition by Jakob Heine in 1840. Its causative 

agent, poliovirus, was identified in 1908 by Karl Landsteiner (Nathanson et al, 1984,Paul, 

1971)Polio had existed for thousands of years in certain areas, with depictions of the disease in 

ancient art. Major polio epidemics started to appear in the late 19th century in Europe and soon 

after the United States ,(Trevelyan et al 2005)and it became one of the n1ost dreaded cllildhood 

diseases of the 20th century. Developed in the 1950s, polio vaccines have reduced the global 

number of polio cases per year fron1 many hundreds of thousands to under a thousand today 

through enhanced vaccination efforts led by Rotary International, the W 01·ld Health 

Organization, and UNICEF which should result in global eradication of the disease 

2.3 Diagnosis of Poliom)1 clitis 

If poliovi1us is isolated from a patient expe1·iencing acute flaccid paralysis, it is further tested 

through oligonucleotide 1napping (genetic fingerprinting), or more recently by PCR 

amplification, to determine whether it is "wild type" (that is, the virus encountered in nature) or 

''vaccine type" (derived from a strain of poliovirus used to produce polio vaccine) .(Chezzi. 

1996) It is important to dete1mine the source of the virus because for each reported case of 

paralytic polio caused by wild poliovirus, an estimated 200 to 3,000 otl1er contagious 

asymptomatic carriers exist. (Gwande, 2004) 
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2.4 Pre,·entioo u ing vaccination 

Two types of vaccine are used throughout the world to combat polio. Both types induce

itutnunity to polio: efficiently blocking person-to-person transmission of wild poliovirus. thereb)

protecting both individual vaccine recipients and the wider comro11nity (so-called herd 

imm11nlty). (Carneiro, 1999) 

The first candidate polio vaccine, based on one serotype of a live but attenuated (weakened) 

virus, was developed by the virologist Hilary Koprowski. Koprowski's prototype vaccine was 

given to an eight-year-old boy on February 27, 1950 .(Koproski, 2010) Koprowski continued to 

work on the vaccine throughout the 1950s, leading to large-scale trials in the then Belgian Congo 

and the vaccination of seven million children in Poland against serotypes PVI and PV3 between 

1958 and 1960. (Koproski, 2010) 

The second inactivated virus vaccine was developed in 1952 by Jonas Salk at the University of 

Pittsburgh, and announced to the world on April 12, 1955. (Spice, 2005) After two doses of IPV 

(given by injection), 90% or more of individuals develop protective antibody to all three 

serotypes of poliovirus, and at least 99% are immune to poliovirus following three doses. 

(Atkinson et al, 2009) 

2.5 Oral Polio Vaccine 

Subsequently, Albert Sabin developed another live, 01·al polio vaccine (OPV). It was produced 

by the repeated passage of the virus through nonl1wnru.1 cells at subpbysiological temperatures. 

The attenuated poliovirus in the Sabin vaccine replicates very efficiently in tl1e gut, the primary 

site of wild poliovirus infection and replication, but the vaccine strain is unable to replicate 

efficiently within nervous tissue. (Sabin et al, 1960) A single dose of Sabin's oral polio vaccine 

produces immunity to all three poliovirus serotypes in about 50% of recipients. Three doses of 

live-attent1ated OPV produce p1·otective antibody to all three poliovirus types in more than 953/0

of recipients. ( Human trials of Sabin's vaccine began in 1957, and in 1958 it was selected, in 

competition with tl1e live vaccines of Koprowslci and other researchers, by the US National 
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Institutes of Health. Licensed in 1962, it rapidly became the only polio vaccine used Vv�orldwide.

(Pasteur, 2009) 

OPV is inexpensive, easy to administer, and produces excellent imm11nit)r in the intestine (which 

helps prevent infection with wild virus in areas where it is endemic), and bas therefore been the 

vaccine of choice for controlling poliomyelitis in many countries. On very rare occasions ( about 

one case per 750,000 vaccine recipients), the attenuated virus in OPV reverts into a fo1111 that can 

paralyze. (Racaniello, 2006) 

There are various types of the OPV which include the trivalent OPV (tOPV), Bivalent OPV 

(bOPV) and the monovalent OPV(mOPV). 

2.6 Epidemiology of Poliom)1elitis 

Vlhile now rare in the Western world, polio is still endemic to South Asia and Africa, 

particularly Pakistan and Nigeria respectively. Following the widespread use of poliovirus 

vaccine in the mid-l 950s, the incidence of poliomyelitis declined dramatically in many 

industrialized countries. A global effort to eradicate polio began in 1988, led by the World 

Health Organization, UNICEF. and The Rotary Foundation. These efforts have reduced the 

number of annual diagnosed cases b)' 99%; fron1 an estimated 350,000 cases in 1988 to a low of 

483 cases in 2001, after which it has remained at a level of about 1,000 cases per year (1,606 in 

2009). 

In 2012, cases decreased to 223. (CDC, 2013) Polio is one of only two diseases currently the 

subject of a global eradication program, the other being Guinea wor111 disease. So far, the only 

diseases completely eradicated by humanl<ind are smallpox, which happened in 1979, (WHO 

,2008) and rinderpest in 2010. A number of eradication milestones have already been reached, 

and several regions of the world have been certified polio-free. The Americas were declared 

polio-free in 1994. (CDC, International Notes Certification of Poliomyelitis eradication- the 

Americas, 1994) 

In 2000 polio was declared to have been officially eliminated in 37 Western Pacific cow1tries'I 

including China and Australia. Europe was declared polio-free in 2002. As of 2013, polio 

remains enden1ic in only tlrree countries: Nigeria, Pal<istan, and Afghanistan, althotigh it 
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continues to cause epidemics in otl1er nearby co11ntries due to hidden or reestablished

transmission. For example, despite eradication ten years prior, an outbreak was confirmed in

China in September 2011 involving a strain prevalent in neighboring Pakistan. Since January

2011, there have been no reported cases of the wild polio infections in India, and in February

2012 the country was talcen off the WHO list of polio endemic countries. It is reported that if 

there are no cases of wild polio in the country for two more years, it will be declared as a polio

:free country. (Ray,2012) 

2. 7 Poliomyelitis in tl1e Vaccinated 

It is a known fact tl1at poliomyelitis occtirs in both vaccinated and unvaccinated children Despite 

· vaccination many cl1ildren still come down wit11 Poliomyelitis and this is a phenomenon that is

global occurring world wide .In 2012 for example 77% of the children who took many doses of 

OPV still cru11e doWJ1 witl1 wild Poliovirus infection in Nigeria, (WH0,2012) Reports, mostly in 

the Indian literature, indicate an increasing proportion of acute paralytic poliomyelitis among 

children who had bee11 in101unized with tlrree doses of trivalent oral poliomyelitis vaccine 

(tOP\T3, with 70-85% coverage), ranging from 10% to 26% among hospital studies (Sen et al, 

1989)� (Deivanayagam et al, 1991) 

There was a report in the International News 2009 in Pakistan of a IO month old fully vaccinated 

baby \i\1bo had poliomyelitis after receiving all routine and additional doses of OPV during 

different campaigns right since birth. 

There was also the case of Polio in an 18month old baby who had 3 polio vaccinations in 

Pakistan 2009. 

The Dawn 20 IO reported that 785 of polio cases in Pakistan were vaccinated people. 

2.8 Description of the Clinical Effecti, eness of Oral Polio \raccine 

Clinical Effectiveness can be described as the protective efficac) of , acc1nes 1n the field or 

community settings as against vaccine efficacy that is measured in idenJ situatio� and control 

settings. 
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Vaccine effectiveness is often confused with \:accine efficacy (in faC4 one fo1mer designation for 

it was ''field efficacy', but should be viewed as a distinct!)· different, although related, concept 

(Clemens et al, 1996) 

Essentially, vaccine effectiveness is a '' real world�' view of how a vaccine (which may have

already proven to have high vaccine efficacy) reduces disease in a population. This measure can

assess the net balance of benefits and adverse effects of a vaccination program, not just the

vaccine itself, under more natural field conditions rather than in a controlled clinical trial.

Vaccine effectiveness is proportional to vaccine potency (ie, vaccine efficacy) but is also

affected by how well target groups in the population are imm11nized (which itself may reflect 

difficulties in maintaining proper storage conditions of a vaccine, such as the cold chain, access 

to health care, and vaccine cost), as well as by other non,,accine-related factors that influence the 

real-world outcomes of hospitalizations, amhulatory visits, or costs. 

2. 9 Scientific methods of n1easuring effecti,·eness of ,1accines 

Several study designs may be used to measure vaccine effectiveness (Orenstein et al, 1988) 

Perhaps the most familiar is the retrospective case control analysis, in whicl1 the rates of' 

vaccination among a set of infected cases and appropriate controls are compared (Clemens et al, 

1996); (Orenstein et al. 1985). The outcome data (vaccine effectiveness) are expressed as a rate 

difference, with use of the odds ratio (OR) for developing irlfection despite vaccination: 

VE= 1-0R xlOO 

A less well-known type of study desigi1 to measure vaccine effectiveness is the'' indirect cohort'' 

or '' quasi-cohort'' study, in which different responses in the same vaccinated population are 

exami11ed (Clemens et al, 1996) For example, an analysis of the ,,accine effectiveness of 

pneumococcal polysaccharide vaccine examined all invasive pneumococcal disease in a 

population cohort and con1pared the rates of vaccine-serotype infection and nonvaccine-serotype 

infection ( assuming that no protection against non vaccine serotypes was afforded by 

vaccination), providing an indirect estimate of vaccine effectiveness (Broome et al, 1980) 

Another uncommon type of vaccine effectiveness study is the '' case-coverage'' or '' case

coho1i'' method, in which vaccination rates among cases are con1pared with those in a similar 

cohort (which n1ay include i11dividuals wl10 develop cases) over a defined period of time 

(Szilagyi et al, 2008) 
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The fourth type of vaccine effectiveness study� used by Cums et aJ to assess the impact of 

rotavirus vaccine, is ecologic or observational in nature, examining changes in disease burden

overtime (eg, before and after introduction of routme vaccination) (Cums et al, 2010) 

The '' real world'' view afforded by vaccine effectiveness data is desirable in planning public 

health initiatives, an advantage (along with a simpler and Jess costly study design) that makes 

these studies attractive. (Orenstein et al, 1988) 

2.10 Factors affecting ,1accine effecfu,eness 

Many biases (some of \iVhich are difficult to detect) can affect vaccine effectiveness studies, 

such as differential case ascertainment in vaccinated and liuvaccinated groups, differences in 

susceptibility or exposure of some groups in the population to infectio� differences in health 

care utilization (unrelated to vaccination) between vaccinated and unvaccinated populations, 

undetected loss to follow-up from migration, and ass11mptions made during statistical analysis. 

Thus, vaccine effectiveness studies have the benefit of using real-world outcomes but also 

possess challenges in distinguishing vaccine-related effects from other potential confounders that 

may affect the same outcomes. (Clemens et al, 1996) 

In a study carried out in Madras city, as the number of doses increased from I to 3, there was a 

trend for increase in VE for both the 6-35 and 6-23 months age groups . 

An unimmunized child was at 5 times greater risk of developing paralysis tl1an full)' immunized 

Children, those who received 1 and 2 doses were at 4.2 and 2.8 times greater risk, respectively. 

The observation was similar to the estimated field efficacy of 90% in Bombay city based on the 

data from coverage surveys of children aged 12-23 montl1S and immunization status of cases 

(Farley, 1989) 

• 

• 

Also, in anot11er study, the VE by case-control study for two countries in Taiwan for three or 

more TOPV doses in children aged 12 to 35 months was estimated to be 96%. 

A recent report of a case-control study in Delhi, using neighbourhood controls, has estimated 

VE to be 92% (singh et al, 1992) 

A case-control study was can·ied out between May 1988 and Ma)' 1989 to assess the 

effectiveness of three doses of trivale11t oral poliomyelitis vaccine (t0PV3) in children aged 6-35 

months in Madras city. Reports show tl1at all the cases were patients with acute paralytic 
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poliomyelitis who were residing in Madras city and were hospitalized in the Institute of Child

Health; they represented 95% of such cases in the city. The diagi,osis was based on clinical

grotmds and confii toed by stool culture which was positive in 60%. Age- and sex-matched 

controls, all residing in the city of Madras, were recruited concurrently from the Institute's

outpatient departrr1ent There were 78 cases and 315 controls. Vaccine efficaC)' observed for 

TOPV3 was 81 % (95% CI, 58-91 %) for the 6-35-month age group and 86% (95o/o CI, 67-94%) 

for the 6-23-month age group. Vaccine efficacy, after controlling for age 11sing the Mantel

Haenszel method, was 83% (95% CI, 67-91 %). An unimm11nized child was at 5 times greater 

risk of developing acute paralytic poliomyelitis than a fully imm11nized child (Deivanayagaro et 

al, 1991) 

2.11 Receiver Operating Characteristic Cun'e 

In signal detection theory, a receiver operating characteristic (ROC), or simply ROC curve, is a 

graphical plot which illustrates the performance of a binary classifier system as its discrimination 

threshold is varied. It is created by plotting the fraction of true positives out of the total actual 

positives (TPR = true positive rate) vs. the fraction of false positives out of the total actual 

negatives (FPR = false positive rate), at various threshold settings. TPR is also known as 

sensitivity or recall in machine learning. The FPR is also known as the fall-out and can be 

calculated as one minus the more ,vell known specificity. The ROC cw-ve is then the sensitivity 

as a function of fall-out. In general, if both of the probability distributions for detection and false 

alarm are lcnown, the ROC curve can be generated by plotting the Cumulative Distribution 

Function (area under the probability distribution from -inf to +inf) of the detection probability in 

the y-axis versus the Cumulative Distribution Function of the false alarm probability in x-axis . 
• 

ROC analysis provides tools to select possibly optimal models and to discard suboptimal ones 

independently from ( and prior to specifying) the cost context or the class distribution. ROC 

analysis is related in a direct and natural way to cost/benefit analysis of diagnostic decision 

making. 

The ROC curve was first developed by electrical engineers and radar engineers during World 

War II for detecting enemy objects in battlefields and was soon introduced to psycholog)' to 

account for perceptual detection of stimuli. ROC analysis since then has been used in n1edicine, 
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radiology, biometrics .. and other areas for many decades and is mcreasingly used in machine 

learning and data mining research. The ROC is also kno\vn as a relati\ e operating charactenstic 

curve, because it 1s a comparison of two operating characteristics (TPR and FPR) as the criterion 

changes. (Swets et al, 1996) 

The receiver operating characteristic (ROC) curve is the plot that displays the full picture of 

trade-off between the sensitivity (true positive rate) and ( 1- specificity) (false positive rate) 

across a series of cut-off points. Area under the ROC curve is considered as an effective measure 

of inherent validity of a diagnostic test. This curve is usefuJ in (i) evaluating the discriminatory 

ability of a test to correctly pick up diseased and non-diseased subjects; (ii) finding optimal cut

off point to least misclassify diseased and non-diseased subjects; (iii) comparing efficacy of two 

or more medical tests fo1· assessing the same disease; and (iv) comparing two or more observers 

measuring the same test (inter-observer variability). 

2.12 Metl1ods to find the 'optimal' threshold point 

Three criteria are used to find optimal threshold point fro111 ROC ctrrve. First two 111ethods give 

equal weight to sensitivity and specificity and in1pose no et11ical, cost, and no p1·evalence 

constraints. The third criterion co11siders cost \.Vhich mainl)' includes fi11ru1cial cost for co1·rect 

and false diagnosis, cost of disconlfort to person cat1sed by u·eatn1e11t, and cost of furtl1er 

investigation when needed. (Cttms et al, 20 I 0) 
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TERTHREE 

ME'I'HODOLOGY 

3.1 Stud) Area 

The study was carried out in Nigeria Nigeria is the most populous co11ntry in Africa, with a 

population of 148 million in 2007 and a growth rate of 3.8% per ann11n1. The estimated life 

expectancy is on average 48 years, with an infant mortality rate of 99 per I 000. Nigeria has six 

regional zones that reflect varying ecologies, climates and population characteristics. The zones 

are divided into 36 States and the Federal Capital Territory� which are further divided into 774 

LGAs and 8812 administrative wards. 

3.2 Study Population 

Children with reported Acute Flaccid Paralysis between O and 15 years of age in the 36 states of 

the Federation of Nigeria including FCT between 2009 and 2012 were included 01 tlus study. 

3.3 Study Design and Duration 

Tl1is study was carried out using a Secondary data Analysis of the National Polio Surveillance 

Syste1n data consisting of all the 36 states of the Federation and the Federal Capital Ten·itory 

betvveen 2009 and 2012.Tl1e Stt1dy Design used is a Reu·ospective review of tl1e secondary data 

which was obtained from the national AFP Surveillru1ce cf ata of tl1e W 01·ld Health Orgruuzation. 

3.4 The original data was obtained i11 tl1e MS Excel data base fo1·mat and this was converted to 

SPSS Ve1·sion 15. Tl1e data is gotten fro111 tl1e AFP Surveilla11ce of tl1e coU11try. 

Preli1ni11ary cleaning was done on the data wl1ich included ext1·action of relevant i11formation 

from other related va1·iables tl1at can be analyzed. Exan1JJle 'tl1e age i11 months' that was gotte11 

from date of birth.' 

Frequency distribution were ru11 to explore the distributio11 of the various variables and 

categories were sununarized into functional groups. 
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3.4 Description of the sun1eillance ,," tem
� 

Surveillance for poliomyelitis relies on the repomng of children under 15 )·ears old with AFP

through a network of health providers. These children undergo a clinical and epidemiological

assessmen� including the collection of two stool samples \\ithin 14 days of the onset of

paralysis" which are tested for the presence of poliovirus Most counmes in1plementing .A.FP

surveillance currently meet the WHO target of at least one case of AFP reported each )'ear per.

100 000 children under 15 years old. although there can be sienificant \ ariabilit\' al t1,e
- -

. 

subnational level. Currently more than I 00 000 children v.ritb AFP are investigated each )1ear�

giving polio eradication one of the most comprehensive and sensitive surveillance networks 1n

global public health. 

Data collection started at various Health Facilities including maternity centres in various Local 

Government Areas of the States of the Federation with the use of (CIFs): Case Investigation 

Forms. Health workers who detect suspected cases notify the Disease surveillance notification 

workers who investigate the cases. The Health workers look for cases in which children less than 

15 years who were once walking suddenly lose the ability to walk and tl1eir legs or one of their 

legs become floppy with muscle weakness occurring within t\:vo months of report or detection. 

Sudden loss of muscle tone in the legs can also be an indication of paral),sis in younger children 

not yet walking. This may or may not be accompanied with fever. 

The Disease surveillance Notification Officers (DSNOs) collected two stool san1ples at least 24 

hours apart from theses children (0 to 15years) that presented with AFP (Acute Flaccid Paralysis) 

from all these LGAs in all the states of the Federation. The AFP stool samples collected in 

appropriate containers and are sto1·ed at appropriate temperature in freezers and then taken to the 

WHO National Polio Laboratory using ice packs placed in giostyles with the aim of maintaining 

the reverse cold cl1ain. 

T11ere are two laboratories that receive these stool samples namely the WHO National Polio 

Laboratory Ibadan whicl1 handles 26 States & FCT and the WHO National Polio Laboratory 

Maiduguri which handles 10 States (mairtly in the North). TI1e two samples collected 24 to 48 

hours apart are received by tl1e Laboratories and stored appropriately and the condition on receipt 

noted. A Good san1ple is one in wl1ich the reverse cold chain is maintained (2-8 degrees 
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Centigrade), is of adequate quantity, has no desiccation and no leakage. The infonnation is also 

recorded in the Laboratory registers and entered into the Laboratory database accordingl). 

The Samples collected are processed in the Laboratory using glass beads ,Phosphate Buffered 

Solution containing magnesium and calciun1 ions for stabilizing the virus) & Chlorofo1n1 ( to 

remove all pyrogens, lipids and unwanted bacteria),Centrifuged atl 500Rpm and inoculated into 

L20B(a genetically engineered mouse cell line) and RD (Rhabdomyosarcoma) Cell lines. The 

Cell lines are observed for Cytopathic Effect (CPE) for IO days (Primary and Secondary(Blind) 

passage). Poliovirus isolates that are obtained are then sent to the Intratypic differentiation unit 

for further characterization. Intratypic Differentiation (ITD) is perfo11ned on Isolates using Real 

Time Polymerase Chain Reaction (PCR) (ITD and \'DPV PCR) to dete11nine whether they are 

wild or sabin Polio virus. Enzyme linked immune sorbent assay, Conventional PCR and Probe 

Hybridization tests can also be carried out. The results obtained are then sent to the Data 

management unit for entering of the results into the database. The Data of the result is entered as  

Wild or Sabin Polio, Vaccine derived poliovirus (VDPV), Non Polio or Negative, cleaned and 

data hannonization done quarterly. 

Data Management and analysis was done using EPI INFO designed by CDC (Centre for Disease 

Control) and Results are forwarded and reported for programmatic action. Finally, variables 

present in the data set include state, age in months, sex and total Polio doses 

3.5 Dat�• Ext1·�1ction, Anal�1sis and I 11tcrpretation: 

This was done with the use of SPSS (Statistical Package for Social Scie11ce) Version 15 

Descriptive statistics and bivariate Analysis ;( Chi Square test) we1·e carried 011t. A review of 

2009-2012 cases with a sample size of approximately 5000 AFP cases per year was carried out. 

Relevant data was extracted from available variables and analyzed. Descriptive statistics 

including freque11cy tables and bru· charts were used for the detennination of the Pattern of AFP 

cases and Wild Polio virus. ODDs Ratio was used for the determination of the clinical 

effectiveness of the Oral Polio vaccine. Logistic Regression was done to exclude other factors 

related to the occw1·ence of Wild Polio Virus our outcome variable. Receiver Operating 

Characteristic C1rrve was used to detemune optimum OPV dose by determining values of best 

Sensitivity and Specificity. 
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3.6 Data coUection Jnstrume,nt 

The Case Definition of AFP used is ''Any case of AFP in a child aged <15 Jiears, or any case of

paralytic illness in a person of any age when polio is suspected. ,, The Instrument used for

collection of tl1e data is the Case Investigation Form (CIF) wltlcl1 is available in 4copies. The

info1mation obtained is manually written on the forrr1 .

Such information include nrune of the patient, name of t11e parents, home address, date of birth,

OPV vaccination history (Nwnber of OPV doses taken), Date of onset of paralysis, date of last

OPV dose, type of paralysis. The DSNO will assign an Epidemiological Number (Epid. NO ) to

the case and will also reco1·d details of date I 
st and 2

nd stool collected, date sent to the lab and

other details. 

3.7 Etl1ic�11 Considc1·�ltion 

The Confidentiality of the AFP case- patients was protected by the use of de-identified and 

coded data and permission was obtained from the World Health Organization Nigeria. 

-
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CHAPTER FOUR 

RESULTS 

4.1 Socio-demographic :and otl1c1· Characteristics of AFP cases and \\'ild Poliovirus 

A total of 24848 Acute Flaccid Paralysis (AFP) cases were involved in the study with a mean 

age of 36months (SD=±331no11ths), median of 28 months and range 252 months. The highest 

proportion of childre11 with AFP was among the 12-23 months age group representing a quarter 

of the total cases wlule ·the lowest proportion was among those in the 48-59 months age group.

Ge11der distribution was males (57%) and females (43%). APP samples were more than a quarter

(29%) in the North-West zone of tl1e country indicating the zone with the highest proportion, 

followed by similar proportions of 16% eacl1 in tl1e other two zones from the north. Moreover,

AFP cases were found to be least in the South-East and South-West zones with a proportion of 

11 %. There was an increase in tl1e proportion of AFP cases as the years progressed from 22% in 

2009 to 29% in 2012. Of the total Act1te Flaccid Paralysis cases in the data base, 3 .6% of them 

had zero OPV dose, 11.2% l1ad between 1-2 doses, and 14.6% had 3 doses while more than two

third had greater tl1at1 3 doses. All these are shown in table 4.1 
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TABLE 4.1: Socio-demographic distribution of the AFP cases 2009-2012 in Nigeria

Variables 

Age-group(months) 

<12 

12-23

24-35

36-47

48-59

60+ 

sex 

Female 

Male 

Zone 

NC 

NE 

NW 

SE 

ss 

SW 

Year 

2009 

2010 

2011 

2012 

OPV doses 

0 

1-2

3 

>3

Total 

Note: 

NC: North Central 

NE: North East 

NW: North West 

SE: South East 

SS: South South 

SW: South West 

-

• 

• 

Number(n) Percentage (%) 

2743 11.0 

6114 24.6 

5545 22.3 

3579 14.4 

2267 I' 9.1 

4591 18.5 

10689 43.0 

14154 57.0 

4140 16.7 

4085 16.4 

7215 29.0 

2755 11.1 

3687 14.8 

2966 11.9 

5501 22.1 

6000 24.1 

6108 24.6 

7239 29.1 

899 3.6 

2781 11.2 

3612 14.6 

17555 70.7 

24848 100.0 
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FIGURE 4.2 : Cha1�t sho,ving the Distribution of total OPV doses among AFP cases 2009-

2012 in Nigeria 
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Figure 4.3 shows the distribution of AFP cases across the state of the federation in Nigeria The 

proportional distribution of AFP cases was highest in Kano (8.1 % ) which is almost twice that of 

the following next state of Kebbi witl1 a prevalence of 4.5%. On the other hand, Ekiti state was 

least in the prevalence of APP witl1 a low proportion of 0.9%, closely followed by Ondo (1.2%)

and Osun (1.4%). 
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In table 4.2, the distribution of OPV doses by age, sex and year is shown. OPV doses across the

age groups revealed no particular pattern with zero, 1-2 and 3 doses while an increasing trend

was seen among those who had more than 3 doses and this increased from 45% among less than

12 years to 78% among people older tl1an 60 years of age. Proportion of OPV doses by gender

was found to be similar with each category of the OPV doses as indicated in the second pane of

the table. However, OPV doses across the year reveal a general increase for each of the doses

between the years 2009 to 2012 . 
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TABLE 4.2: Dlstrf butf on of Age, Sex and year by OPV dosos

Variable Doses 
O dose 

-

1-2 doses 3 doses >3 doses Total 
Age group 

-

<12 134(4.9) 736 26.8) 
" 

4'1.G 2743 650 23_.7 1223 I' -

12-23 206 3 4) 
-

64q()0.5) 4289 70.2 61111 978 16 .• 0) 
209(3.8 24-35 -. 

-

5545 584 10.SL 762 '13.7 3990 72.0 
36-47 91 2.5) 337 9 4) 420 11.7 2731 76.3 3579 

- . 

48-59 72(3.2 182 a.oJ 264 ll ,6 1749 77.2) 2267 
--

60+ 187(,1.1 302 6.6 sa1 11. i' 3565 
. -

77.1 '159] 

Sc 

Female 375 3.5 1195 11.2 ],567 1 '1. 7). ?SSl 70.6 1,0689 

��afe 52d 3.7} 1585 ':l 1.2 15 5�044{�'1.4) 10001, 70.7 l.4154
Year 

... _3_1,P.{5.8)_ S501 2009 932 '16 9) 10lG 18.S 32�'1 S8.8 
010 .13 3.6) 6S9 11.0 1042(],7.4 t1085 G8r 1 , 6000 

... 011 191 '.3,l SSl, 9 0 767 12.G 4599 75.3 6108 
--

,, 

7239 2012 176 ,2 ti 639 8.8 "/87 l0.9 • 5637 ,11.f)
-

-

24848 899( .G 2781(11.2 1755S 70.7) Totnt 612(14.5 
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The distribution of OPV doses and zone Is shown In table 4.3. Tile Nor.ti, Western zone h, d the 

highest proportion (7.1%} of children who had received no OPV doses. Interestingly, the North 

central zor,e the highest proportion (85.2%) of cf,Jldrcn who h d received tt,e hlahest number

of oral polio vaccine doses and ulso tJ1c lowest porccr1ll1ge ,vitl1 O doses. In a t.lmllor vatn, the 

south West, North-East and South-South zon s hod cl1lldren wt10 held received at Joast 4 doses 

of OPV representlns n1ore tl1t1n 70% of the chlldrer,. 
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Table 4.3: Di5tribution of Oral Polio vaccine doses by zone in Nigeria 2009-2012

zone Doses 
O dose 1-2 doses 3 doses >3 doses Total 

NC 59(1.4) 230(5.6) 324(7.8) 3527(85.2) 4140 

NE 127(3.1) 436(10.7) 527(12.9) 2995(73.3) 4085 

NW 511(7.1) 1118(15.5) 1075(14.9) 4510(62.5) 7215 

SE 88(3.2) 361(13.1) 646(23.4) 1660(60.3) 2755 

ss 61{1. 7) 381(10.3) 656(17.8) 2589(70.2) 3687 

SW 53(1.8) 255(8.6) 384(12.9) 2274(76.7) 2966 

Total 899(3.6) 2781(11.2) 3612(14.5) 17555(70. 7) 24848 
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The highest proportion of wild Poliovirus (3.5%) was seen among children aged 24-35months

and the least among children older than 60months (1 %). Proportion of present wild Poliovirus

between gender was tl1e same (2.3%). However, wild Poliovirus presence was highest in the year

2009 (7.1%) and decrease thereafter to 0.4% which was least in the year 2010 while a decrease

compared to year 2009 was also observed in year 2011 and 2012. Across the zone, AFP cases

with wild poliovirus was high in the Northern zones with the highest seen in the North central

(5.3%). T11e highest proportion (12.9%) of APP cases with Wild Polio was among children with

zero doses of Oral Polio virus and lowest (I .2%) among children who had more than 4 OPV

doses. An increase was also noticed in the occurrence of Wild poliomyelitis as the number of

OPV doses talcen reduces. 
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Table 4.4: Distribution of Socio-dem h" fa ograp 1c ctors by wild Poliovirus among AFP cases between

2009 and 2012 in Nigeria

variable Wild Poliovirus Total P Value 
Present Absent 

Age group
I I 

<12 42 (1,5) 2701 (98.5) 2743 I 
12-23 165 (2.7) 5949 {97.3) 6114 I, I 

24-35 196 (3.5) 5349 (96.5) 5545 0.00006 
36-47 89 (2.5) 3490 (97.5) 3579 
48-59 55 (2.4) 2212 (97.6) 2267 I I 

60+ I I 46 (1.0) 4545 (99.0) 4591 
Sex 

Female 247 (2.3) 10442 (97. 7) 10689 0.521 
Male 346 (2.4) 13808 (97.6} 14154 
Year 

2009 388 (7.1) 5113 (92.9) 5501 
2010 21 {0.4) 5979 (99.7} 6000 0.0000 

2011 63 (1.0} 6045 (99.0) 6108 
2012 121 (1.7) 7118 (98.3) 7239 

Zone 

NC so (1.2) 4090 (98.8) 4140 

NE 125 (3.1) 3960 (96.9) 4085 

NW 382 (5.3) 6833 (94.7) 7215 0.0000 

SE 3 (0.1) 2752 (99.9} 2755 

ss 13 {0.4} 3674 (99.6) 3687 

SW 20 {O. 7) 2946 (99.3) 2966 

OPV doses 

0 116(12.9) 783(87.1) 899 

1-2 167(6.0) 2614(94.0) 2781 0.0000 

3 102(2.8) 3510(97.2) 3612 

>3 208(1.2) 17347(98.8) 17555 

Total 593(2.0) 24254(98.0) 24848 
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In table 4.5, the proportion of children with Wild Polio Type 3 (61 %) was higher than children

with Wild Polio type 1 (39%). Among the various age groups, the proportion of children (46%)

with WPVI was highest in the age group 12-23month while the proportion of children (67%)

with WPV3 was highest in the age group 48-59month. WPVl and WPV3 were found to be

similar in both sexes of children .Across the year, the proportion of WPVl was found to increase

from 19.3% in 2009 to 84.3% in 2012 while on the other hand, the proportion of WPV3 was

found to decrease from 80.7% in 2009 to 15.7% in 2012. WPVI was also more predominant in

the Southern part of Nigeria and WPV3 was prevalent in the Northern zones. Although WPV 1

was highest among cllildren aged 12-23 months it was more common among younger children.

WPV3 was similar ( at least 60%) across the age groups except in age group 12-23 months .
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TABLE 4.5: Distribution of socio-demographic characteristics by wild type

, variable Wild Type Total 
Type 1 Type 3 

Age group

<12 
1.
, 16(38.1) 26(61.9) 42 

12-23 76(46.1) 89(53.9) 165 
24-35 73(37.2} 123(62.8) 196 I, 

36-47 I' 33(37.1} 56(62.9) 89 
48-59 18(32.7} 37(67.3) 55 
60+ 16(34.8} 30(65.2) 46 
Sex 

Female 97(39.3} 150(60.7} 247 
Male 135(39.0) 211(61.0) 346 

Year 
I 

2009 75(19.3) 313(80.7) 388 

2010 8(38.1) 13(61.9) 21 

2011 47(74.6) 16(25.4) 63 

2012 102(84.3) 19(15.7} 121 

Zone 

NC 29(58.0} 21(42.0) so 

NE 22(17.6) 103(82.4) 125 

NW 146(38.2) 236(61.8) 382 

SE 3(100.0) 0(0.0) 3 

55 12(92.3) 1(7.7) 13 

SW 20(100.0) 0(0.0) 20 

OPV doses 

0 55(47.4) 61(52.6) 116 

1-2 59(35.3) 108(64.7) 167 

3 29(28.4) 73(71.6) 102 

>3 89(42.8) 119(57.2) 208 

Total 232(39.1) 361(60.9) 593 
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..t.2 Clinical Eft·ecti,,eness of the OPV 

Table 4.6 shows the clinical effectiveness of OPV between the two age-group stratifications and

location. Vaccine efficacy among the younger children for 1-2 doses was 70% and this

proportion increases with increasing number of OPV doses to 93% at 4 or more doses. However,

among the older children, vaccine efficacy was rather low (5%) at the initial 1-2 doses but went

up substantially thereafter to 65% at 3 doses and 89% at 4 or more doses. Clinical effectiveness

of Oral Polio vaccine was higher in Northern Nigeria compared to the South. Vaccine

effectiveness in Southern Nigeria was twice that of Northern Nigeria at 1-2 OPV doses. Overall,

vaccine effectiveness was found to increase with the number of doses . 
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-�----..... ,, ____ iiiiiiiaiia _____________ _

TABLE 4.6: Clinical effectiveness of OPV

variables

Less than 35months 

Odds Ratio(95% C.I) Vaccine effectiveness (%)

1-2 0.30(0.22, 0.40) 70.0 O(ref) 1.0 
3 0.15(0.11, 0.21) 85.0 O(ref) 1.0 
>3 0.07(0.06, 0.10) 93.0 
O(ref) 1.0 
Greater than

35months

1-2 0.95(0.59, 1.53} 5.0 
O(ref) 1.0 
3 0.35(0.20, 0.59) 65.0 
O(ref) 1.0 
>3 0.11(0.07, 0.18) 89.0 
O(ref)

All age-group

1-2 0.43(0.34, 0.55) 57.0 
O{ref) 1.0 

3 0.20(0.15, 0.26) 80.0 
O(ref) 1.0 

0.08(0.06, 0.103) 92.0 >3

O(ref) 1.0 

Northern Nigeria

1-2 0.55 45.0 
O(ref) 1.0 

0.29 71.0 3

O(ref) 1.0 

0.10 90.0 >3

O{ref) 1.0 

Southern Nigeria

88.0 0.12 1-2

1.0 O{ref)

0.08 92.0 3 

1.0 O(ref) 

0.04 96.0 >3

O(ref) 1.0 
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�------------------------------- -

4.3 Association bern'een Socio-demographic factors, OPV and occurrence of Wild
poliovirus 

There was a statistically significant association between age-group, OPV dose, location and the

presence of wild status of poliomyelitis. Younger children age <35months (2.8%) had a

significantly higher proportion of wild Poliovirus compared to older children > 35months of

age(l .8%). Higher proportion of wild poliomyelitis was similarly found among cases with zero

QPV doses (12.9%) than cases who had at least 1 dose of OPV (2.0%) among the APP cases.

More also, the proportion of Northern children with the presence of wild poliomyelitis was about

nine times the southern childi·en (3.6% vs. 0.4%). However, no statistical association was

detected between gender and the presence of wild poliomyelitis (P>0.05) as shown in table 4. 8.
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Table 4. 7: Association of Socio demographic and . . . occurrence of pol1omyel1t1s

variable Wild status
Total 

Present Absent 
Age group(months)

<35 • 403(2.8) 14008(97.2) 14411 
>35 190(1.8) 10247(98.2) I' 

10437 
I' 

sex 

Female 247 (2.3) 10442 (97.7) 10689 

Male 346 (2.4) 13808 (97.6) 14159 

oPV status 
I' 

o dose 116(12.9} 783(87.1) 1001 

1 dose plus 477(2.0) 23471(98.0) 23847 

Location

Northern Nigeria 557(3.6) 14883(96.4) 15440 

southern Nigeria 36(0.4} 9372(99.6) 9408 

x2-value,P-value 

24. 753, 0.000

0.468, 0.494 

442.82, 0.000 

260.98, 0.000 I' 

I'
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Table 4. 7: Association of Socio demographic and . . . occurrence of pol1omyel1tis

variable - Wild status Total 
Present I' Absent 

Age group(months)

<35 
403(2.8) 14008(97.2) 14411 

>35 190(1.8) 10247(98.2) 10437 
sex 

Female 247 (2.3) 10442 {97.7) 10689 I 

Male 346 (2.4) 13808 (97.6) 14159 
I' 

oPV status 

o dose 116(12.9) I I 783(87.1) 1001 

1 dose plus 477(2.0) 23471(98.0) 23847 

Location 
• 

Northern Nigeria 557(3.6) 14883(96.4) 15440 

southern Nigeria 36(0.4) 9372(99.6) 9408 

x2-value,P-value 

24.753, 0.000 

I' 

0.468, 0.494 

442.82, 0.000 

260.98, 0.000 
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Socio-demographic and othe d" 
4.4 r pre tctors of the occurrence of \\'ild Polio, irus 

fable 
4.8 shows tlie socio-demographic predictors of the occurrence of Wild Polioviru.s.

y0unger children (<3Smonfus) are about 2 times more likely to have Wild Polio virus than older
children of greater than 35months of age and this was statistically significant in the multiple

regression (P<O.OOOI). Moreover, children who had never received Oral Polio vaccination (0

doses of OPV) were found to be about 6 times more likely to have wild Poliovirus than those

who had received one or more dose of OPV. This association was found to be statistically

significant (P<0.0001). I11 the same vein, children wl10 resides in the Northern part of Nigeria 

were found to be about 10 times more likely to have Wild poliovirus than those who reside in the

Southern pru1 of Nigeria and this also was found to be statistically significant ( P<0.0001 ) .

• 
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Table 4.8: Socio-demographic predictors of occurrence of Wild Poliovirus
Variable 

Age-group(months) 

<35 

> 3 5 (Ref ere nee)

OPV Dose 

O dose 

1 dose Plus(Reference) 

• 

Location 

Nortl1e1n Nigeria 

Southern Nige1·ia(Ref) 

I 

Odds 
Ratio 

1.717 

1.000 

5.995 

1.000 

9.414 

1.000 

95o/o CI P-value

' 1.439-2.049 <0.001 

4.816-7.463 <0.001 

I' 

6.706-13.216 <0.001 
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Table 4.8: Socio-demographic predictors of occurrence of Wild Poliovirus

P-value 

Variable 
Odds 

95o/o CI 
I'

I ' 

. Ratio 

Age-group(months) 
I ' 

<35 
1.717 1.439-2.049 <0.001 

> 3 5(Reference)
1.000 

OPVDose • 

O dose 5.995 4.816-7.463 <0.001 

1 dose Plus(Reference) 1.000 
• 

Location 

Northern Nigeria 9.414 6. 706-13.216 <0.001 

Southern Nige1ia(Ref) 1.000 
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4.5 Prediction o� Optimum OP\! dose 
The best cut off pomts for prevention of occurrence of wild Poliovirus by the OPV doses that
maximizes sensitivity and optimizes specificity is outlined in table 1 o below. A cut-off point of
4 doses from this result may be chosen as optimal. At this level, the OPV displayed a sensitivity
of 65% and specificity of 71 %.
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Dose of OPV 

1 

3 

4 

5 

6 

7 

8 

9 

10 

·-

·-

C: 

(1) 

1.0 

0.8 

Cl'> 0.4 

0.2 

s. 

Sensitivit � 10/0

19.7 

33. I

48.0 

65.4 

76.2 

85.6 

90.0 

93.7 

96.4 

96.4 

ROC Curve 

S oecificit , 10/0 1 
96.7 

28.0 

85.9 

71.3 

53.4 
37.5 

27.6 

21.3 

14.6 

I I. 9 

• 

o.o�-r-----,----�--�--�--...--J

0.4 0.6 0.8 1.0 
0.0 0.2 

1 - Specificity

Figure 4.4: The RO curve sho,"ing, cn,ili\'it)' nnd, prcitirity 11t OP\7 dose. l-10

-

' 

40 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



4•6 The Area under the ROC Cu1--ve

The Area under the ROC curve was 0.731 when the sensitivity and I- Specificity of the OPVwas plotted. This is very high showing that our findings are consistent in about 73% of cases .
• 

TABLE 4.10: Area under the Receiver Operating Characteristic (ROC) Curve

Area 
P value 95%CI 

Area under the 0.731 
Curve 

0.000 o. 709-0. 753
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CHAPTER FIVE 

. . . . DISCUSSJON 
Pol1omyel1t1s 1s endemic in Ni eri d 

. 

. . 
g a esp1te the fact that Oral Polio vaccine is routinely given to

children and dunng other suppleme11t 
. . . . .. 

. 
ary lll1111uruzat1on act1v1t1es. Four doses are given routinely 

at birth, 6, 10 and 14 weeks of age Th 
. 

d . . 
. 

· e co11tinue transilllss1on of Wild Poliovirus in Nigeria is a

senous threat to the eradicati . f p li 1 
.. on o o omye 1t1s globally as viruses from Nigeria can be 

imported and continue to 'd 
· · 

cause ep1 em1cs m other nearby Countries due to hidden or

reestablished transmission (WHA 2012) Th a· 
· · · ·· , . e era 1cat1on of Pol1omyel1t1s has been declared as 

an emergency by tl1e World Healtl1 Organization i11 2014. With four doses being given routinely 

and yet the continued spread of the Poliovirus, it is possible that four doses are not sufficient for 

the preve11tion of the disease in Nigeria. There is therefore the need to dete1·1nine the optimum 

dose required for p1·evention of tl1e occWTence of Poliomyelitis in Nigeria. 

Other Socio-de111ographic facto1·s may also be associated with the continued occurrence of the 

disease and tl1ere is the possibility of reduced clinical effectiveness of the OPV under field 

condition in the actual conun11nity. This study focuses on the Epidemiology of AFP and Wild

Poliovirus, deterrnination of the Clinical effectiveness of the OPV and prediction of the optimum 

dose that will be protective against its occurrence . 

5.1 Epidemiology of AFP cases 

• 

The review shows that in the distribution of AFP cases across the states of the federation in

Nigeria, the occurrence of AFP cases was highest in Kano (8.1 %) which is almost n.vice that of

the following next state of Kebbi with a proportion of 4.So/o. On the other hand, Ekiti state was

least in the incidence of APP with a low proportion of 0.9%, closely follo\ved h)' Ondo (1 2°/o)

and Osun (1.4%). This shows a higher proportion of AFP cases in the Northern part of 11geria

compared to the South indicating high level of transmission of Polio\ irus in the orth. This 1s

consistent with previous studies which revealed that the distribution of Polio,rirus isolates in

relation to location showed highest number of the Poliov1rus isolate� in Zamfara tale. follo,ved

by Kaduna, Niger, and Sokoto States (Northern states) ,vhile the least ,vere found in Abia and

Delta States (Southern states) (Adedeji et al, 2012)

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



The Poliovirus isolates used by Ad d . . . e eJ1 et al m 2012 w . . 

viruses while the AFP 
as a combination of only Sabin and Wild

cases used in this stud 
.

1 
Sabins and Wild Poliov· . 

y mc uded Negatives. Non Polio Enteroviruses,
rrus. It is therefore interestin . . .. 

studies despite the diffi 
g to note the sunilanties observed in these 

erences between AFP . . cases and Pol1ovrrus Isolates used in the studies. 

The highest proportion of children with
. 

APP was found among the 12-23 months age group 
representing a quarter of the total . 

cases while the lowest proportion was among those in the 48-

59 months of age(older age gro ) · 
. 

up consistent with the findings of (Grassly et al, 2007) where

the highest proportion of AFP cases was among age group 12-23 months. However, this is a

deviation fron1 the findings of Ad d · · l · · e eJ 1 et a , 2012 1n which most cases occurred between six 

months of age and four years. 

Overall gender distribution of AFP cases (paralysis) was more of males (57%) than females 

(43%) and is consistent witl1 findings by Adedeji ,et al 2012 which states that boys are more

comn1011ly paralysed. Of the total Acute Flaccid Paralysis cases in the data base, 3.6% of them

had zero OPV dose, 11.2% had between 1-2 doses, and 14.6°/o had 2 doses while more than two-

third had at least 4 doses. 

This shows that only two thirds of children are adequately being vaccinated in Nigeria and

explains the reason why Poliomyelitis is still endemic in our Nation. This shows poor

immunization coverage in Nigeria .

5.2 Epidemio)og)' of Wild Poliovi1·us

Findings in this study show that the proportion of Wild Polio virus is higher in the Northern part

of Nigeria than in the Southern part. This could be as a result of vaccine refusal in the North. In

Northern Nigeria in 2003, the political and religious leaders of Kano, Zamfara! and Kad11na

states brought the immunization campaign to a halt by calling on parents not to allo..., their

children to be immunized. These leaders argued that the vaccines \\•ere contaminated ,vilh anti

fertility agents (estradiol honnone), HIV, and cancerous agents. (Jegede, 2007). Circulation 1

still occurring mainly in areas that are missed by vaccination team� The majority of lh1� burde1

lies in rural, hard-to-read and underserved areas. In the areas "here , accinntion tea.ins ill' active.

children are still occasionally mis<;ed due to pock.els of non-1.on1pliance tc,im rfom1.inc • and

43 
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mg to note the srmilanties observed in these 
e u1erences between AFP cases and Poliovirus Isolates used in the studies.

The highest proportion of children with
. 

APP was fo11nd among the 12-23 months age group 
representing a quarter of the total . 

cases wlule the lowest proportion was among those in the 48-
59 months of age( older age grou ) · 

. 
P consistent with the findings of (Grassly et al, 2007) where

the highest proportion of AFP cases was among age group 12-23 months. However, this is a 
deviation fron1 the findings of Ad d · · 1 · · e eJ1 et a, 2012 1n which most cases occurred between six 

months of age and four years. 

Overall gender disti·ibution of AFP cases (paralysis) was more of males (57%) than females 

(43%) and is consistent with findings by Adedeji ,et al 2012 which states that boys are more 

commonl)7 paralysed. Of the total Acute Flaccid Paralysis cases in the data base, 3.6°/o of them

l1ad zero OPV dose, 11.2% had between 1-2 doses, and 14.6°/o had 2 doses while more than two-

third l1ad at least 4 doses. 

This sl1ows that only two thirds of children are adequately being vaccinated in Nigeria and

explains the reason "'hY Poliomyelitis is still endemic in our Nation. This shows poor

immunization coverage in Nigeria. 

Epiden1i0Jog)' of Wild Poliovi1·us

Findings in this study show that the proportion of Wild Polio virus is higher in the Northern part

of Nigeria than in the Southern part. This could be as a result of vaccine refusal in the North. In

Northern Nigeria in 2003, the political and religious leaders of Kano. Zamfara, and Kaduna

states brought the immunization campaign to a halt by calling on parents not to allov. their

children to be immunized. These leaders argued that the vaccines were contanunated ,,·ith anti

fertility agents (estradiol honnone), HN, and cancerous agents. (Jegede, 2007). Circulation is

still occurring mainly in areas that are missed by vaccination teams. The majority of thi burden

lies in rural, hard-to-read and underserved areas. In the areas,, here vnccin11tion terun
_

urt acti,1e.

children are still occasionally missed due to pockets of non-compliunce. teum p rformanct. and
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inadequatemicro-plans. 

Further fmdings reveal that the high t es proportion of w"ld p 1· 

children aged 24-35 tl 
1 0 iovrrus (3.5%) was seen among

mon 1s and the least

th 
among children older than 60months (1 %) 48-59

man s age group. It was also observed th 
. . . .  

. . . . 
at wild pol1omyel1t1s occurred equally in boys and

girls with no sigruficant association in occ . . . 
.. 

urrence. This 1s consistent with previous studies by
AdedeJi et al 201 2 which reported th t 1

. . . . . . a po iovrrus 1nfect1on 1n children occurs equally in boys and

girls .(Adedeji et al, 2012). 

Wild Polio Virus 1 (WPV 1) 1 d · · was a so pre otn1nant m tl1e Southern part of Nigeria as observed in 

tl1is Stu<ly while wild polio virus 3 (WPV3) occurred more in the Northern zones. This is 

contrary to findu1gs by CDC which states that in countries where poliovirus infection is still 

endemic, paralytic disease is n1ost often caused by poliovirus type 1, less frequently by

poliovirus type 3, and least frequently by poliovirus type 2. Interestingly it can be inferred that 

between 2009 at1d 2012 WPV 3 cat1sed more of the paralytic disease in Nigeria. 

There �,as a statistically significant association between age-group, OPV dose, location and the 

presence of wild status of poliomyelitis. Younger children (2.8%) had a significantly higher 

proportion of wild Poliovirus compared to older children (1.8%). This may be because older 

children have a more developed immune system than younger ones. Higher proportion of wild 

Poliovirus was similarly found among children with zero OPV doses (12.9%) than children who 

had at least 1 dose of OPV (2.0%) among the AFP cases. This is because the OPV is clinically 

effective at 57%in children with 1 to 2 doses and 92% in children with greater than 3 doses. This 

shows that the OPV is protective at different degrees against Wild Poliovirus infection. 

More also, the proportion of Northern children with the presence of wild poliomyelitis was about 

nine times the southern children (3.6% vs. 0.4%). This may be because of vaccine refusal in the 

North (Jegede, 2007).

However, no statistical association was detected between gender and the presence of v.ild 

poliomyelitis (P>0.05) which indicates that the sex of a child is not associated with the 

probability of contracting the Wild Poliovirus infection.

t}4 
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53 Socio-demographic and oth f 
infection 

er actors associated lVith occurrence of Wild Poliovirus

A look at the socio-demographic d
. 

. 
pre ictors of the occurrence of Wild Poliovirus reveals that

younger children (<35months) are about 2 times more likely to have Wild Polio virus than older
children of gi·eater than 3 Smonth f s O age. Moreover, children who had never received Oral Polio
vaccination (O doses of OPV) were found to be about 6 times more likely to have wild Poliovirus
than those who had received O d ne or more ose of OPV. This association was found to be
statistically significant (P<O 0001) Th' h · · · 1s s ows agam the effectiveness of OPV against the Wild 
Poliovirus infection. 

In the same vein, cllildren who reside in the Northern part of Nigeria were found to be about 1 O 

times more likely to have Wild poliovirus than those who reside in the Southern part of Nigeria 

and tllis also was found to be statistically sigruficant ( P<0.0001) and may be associated with the 

challenge of vaccine refusal in tl1e Nortl1. (Jegede, 2007). 

Tlus finding is consistent with fmdings by Deivanayagam et al, 1993 in which an unimmunized 

child was at 5 ti1nes greater risk of developing acute paralytic poliomyelitis than a fully 

immunized child. (Deivanayagam et al, 1993). 

5.4 Clinical E1"fecti,1e11ess of the OPV

The Oral Polio vaccine was assessed and found to be clinically effective. The higher the number 

of OPV dose the higher the clinical effectiveness. At 1-2 doses the clinical effectiveness was 

57%. This increased to 80% at 3 doses and 92% at greater than 3 doses. Children with 

inadequate (less than 4 doses) 0 PV vaccination status are the ref ore not protected and may get 

infected with wild Poliovirus if exposed.
• 

Vaccine effectiveness among the younger children for 1-2 doses was 70% and this proportion

increases with increasing number of OPV doses to 93% at 4 or more doses Ho\vever, among the

older children, vaccine effectiveness was rather low (5%) at the initial 1-2 doses but ,vent up

substantially thereafter to 653/o at 3 doses and 89% at 4 or more doses Tlus suggests that the

OPV may therefore not be effective in Northern children who refused the vaccine ,vhen yoW1g

and may later accept it at older age and explains wh) the vaccine 1s given early in life. at birth.

6 10 and 14 weeks of age. This further explains why the incidence of \\ 1ld Polio, iru� s higher in
' 

the orth than South of Nigeria.
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' 

Clinical effectiveness was found to be hi h · 
. . g er m Southern Nigeria compared to the North.

Vaccme effectiveness in Southern Ni eri · g a was twice that of Northern Nigeria at 1-2 OPV doses.
This our fmdings is consistent with that f M al 0 ang et al 2014 and this poor vaccine efficacy u1
the No1ih of Nige1·ia ought be a result of 1 · b · · . . · · · a 11g er 1nctdence of entertc 1nfect1ons, 1nclt1d1ng othe1·
Enterovi1uses. wbicl1 n1igl1t interfe1·e with t}1e response to the vaccine (MangaJ et al, 2014)

Other factoi·s affecting Vaccine e·ftective11ess include method of ad111inistra1ion ot· tl1e vaccine' 

inadequate 1·everse cold c.hain S)1Ste1n, in appropriate storage a111011g otl1e1· reasons.

Vacci11e efficacy estunates could also be .. mo1·e substantially affected in t11e No1ih by inaccurate 
,,accination histories, in view of tl1e ti·eqt1ent rounds oj_. supp1e1nentary im1nunization activities 

witl1 difte1·i11g ,,acci11e t)'}Jes. Overall, vaccine efficacy was found to increase with increase in the

number of doses. 

Lowe1· OPV ei�ficacy would necessi·tate a higher 11ut11be1· oi' doses to achieve eradication and 
would suppo1i tl1e accelerated i11troduction 01· inactivated poliovi1·us vacci11e in higl1-risk areas to
l1oost i 111n1uni1) to all three scrot)1pes (as outlined i11 the endgan1e st1·ategy) and tl1is is a point to 
be considered especial})' in the N ortl1. 

The finding of the Clinical Efficacy of OPV in Nigeria as well is consistent with studies carried 
out in India (Deivanayagam et al, 1993) in which the OPV was found to be clinically effective( 
high percentage(95%) and Egypt (kotb et al, 1993). Overall, it can therefore be said that In 

Nigeria, OPV is still clinically effective . 

• 

5.5 Prediction of Optimum OPV dose

Findings from this study revealed that the best cut off points for prevention of occurrence of ,vild

Poliovirus by the OPV doses that maximizes sensitivity and optimizes specificit) is 4.0 doses. A

ff · t f 4 o from this result may be chosen as optimal. At this level. the OPV displayed a
cut-o po1n o 

sensi 11 vi ty Of 65 % and specificity of 71 % . Therefore 4 doses are sci entificall) recommended.

. h · · less than 4 doses will not protect against \\ P\ 1nfect1on and al�o gi,,ing
This shows t at g1v1ng 

4 d At otl,er possible doses there is great dispill"it)' bet,, ecn the ensiti,•it)' w1d
greater than oses. 

Sensi ti vi ty. 
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four doses have therefore been found to be th 1- d e op unum ose usmg the results gotten from the
receiver operating characteristics curv Wh t til e. a we s 1 need 1s 4 doses and this is consistent with
the present routine vaccination schedule in the country WHO d · B a recommen at1on. eyond doubt,
this 5tudY has achieved a great purpose of confirxning the optimum OPV dose required for the
prevention of Poliomyelitis in tl1e Nigerian cluld. This is consistent with the present OPV

schedule and can thus be maintained.

It can therefore be i1lferred that Poliomyelitis still occurs as a result of many factors which may 

include vaccine refusal, failtrre to vaccinate and vaccine failure among other factors. 

The Government and all Stakel1olders therefore need to join hands to ensure the immunization of 

all children 0- 15 years so that WPV can be eliminated from Nigeria and finally eradicated 

globally. 

-

5.6 Limitations of tl1e stt1d)1

Trivalent OPV (tOPV) only was used in the analysis. Other variants such as monovalent OPV 

(1nOP\T), bi,,alent OPV (bOPV) were not considered in the calculation of Vaccine Effectiveness. 

There was no use of matching controls in the determination of Clinical effectiveness of OPV. 

Also when Poliomyelitis occurs in 1 child, 200 people might be infected who are not captured in 

the data used. 

5.7 Conclusion and Recommen{lations 

4 doses of OPV have been found to be optimum for prevention of the occurrence of Wild 

Poliovirus infection. It is therefore recommended that four doses of the oral Polio vaccine should 

be continued routinely. 

The data supports that 4 doses is the optimum dose of OPV reqtiired to pre,,ent the occurrence of 

Wild Poliovirus. This is consistent with the WHO recommendation. 

Finally, till further research proves otherwise, 4 doses of OPV should be gi\'eo to children 

routinely alongside other routine immunizations. 

tl 7 
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