MAJOR ARTICLE

Poliomyelitis-Related Case-Fatality Ratio in
India, 2002-2006

Sucheta J. Doshi,"? Hardeep S. Sandhu,2 Linda V. Venczel,2? Karen J. Hymbaugh,* Jagadish M. Deshpande,®
Mark A. Pallansch,? Sunil Bahl,® Jay D. Wenger.>* and Steve L. Cochi2

'Global Immunization Division, National Center for Immunization and Respiratory Diseases and Epidemic Intelligence Service Program, 2Global
Immunization Division, National Center for Immunization and Respiratory Diseases, 3Division of Viral Diseases, National Center for Immunization and
Respiratory Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia; and *World Health Organization, Regional Office for South-East
Asia, and ®National Polio Surveillance Project—India, New Delhi, SEnterovirus Research Centre, Mumbai, India

Background. On the basis of studies from developed countries, the case-fatality ratio (CFR) of poliomyelitis
generally ranges from 2%-5% among children <5 years of age to 10%-30% among adults. However, little
information is available for poliomyelitis-related CFR in developing countries. We conducted a study to determine
the CFR in India, 1 of the 4 remaining countries with endemic wild poliovirus (WPV) circulation, during outbreaks
of WPV infection during 2002 and 2006 and during the inter-epidemic years of 2003-2005.

Methods. We conducted a descriptive analysis with use of data from the acute flaccid paralysis surveillance
system in India. Variables analyzed included age, caregiver-reported vaccination status, date of paralysis onset,
laboratory results, final case classification, and survival outcome. Our analysis also accounted for surveillance
changes that occurred in 2005, impacting case definitions and final classification.

Results. In 2006, 45 deaths occurred among 676 WPV cases in India, yielding a CFR of 6.7%. By comparison, in
2002, there were 66 deaths among 1600 reported WPV cases (CFR, 4.2%) and during 2002-2005, CFR was 1.5%—
5.2%. All 45 deaths were among 644 (95%) WPV cases in children aged <5 years (CFR, 7.0%). Among those who
died, 33 (73%) were children aged <2 years (CFR, 7.1%).

Conclusions. The CFR among children aged <2 years in India is high compared with previously published
CEFRs for young children, in part because of improved case finding through enhanced surveillance techniques. Fatal

cases emphasize the lethal nature of the disease and the importance of achieving polio eradication in India.

Paralytic poliomyelitis occurs in <1% of all polio-
virus infections [1], and clinical presentation varies
depending on the location of motor neuron damage.
Previous studies conducted in the United States
during polio epidemics before the introduction of
oral polio vaccine (OPV) in 1961 indicate that the
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case-fatality ratio (CFR) for paralytic poliomyelitis is
generally 2%-5% among children <5 years of age
and increases with age to 10%-30% among adults,
with most deaths secondary to complications from
rapidly progressive bulbar paralysis [2, 3, 17]. An
increased risk of poliovirus infection exists in India, 1
of the 4 remaining countries with endemic wild
poliovirus (WPV) circulation, likely because of poor
hygiene and more concentrated exposure to polio-
virus [4-6]. Although CFRs from developed countries
outside the United States have been documented
during the 1990s based on outbreaks in adults [7],
little literature is available that documents the CFR in
India and other developing countries where WPV
transmission continues to occur. Two studies from
India during the 1990s, before intensified surveillance
for poliomyelitis was initiated, estimated CFRs of
2%-3.3% [8, 9].
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India is now in the final stages of polio eradication, where
highly sensitive acute flaccid paralysis (AFP) surveillance is re-
quired for rapid detection of WPV. Active surveillance began
during October 1997, and since 2005, the rate of nonpolio AFP
has been >5 cases/100,000 children aged <15 years, exceeding
the recommended minimum AFP detection rate for countries of
endemicity of >2 cases/100,000 children aged <15 years [10,
11]. Since AFP surveillance was established in India, large polio
outbreaks have been documented during both 2002 and 2006.
We conducted this study to determine the CFR in India during
WPV outbreaks in 2002 and 2006 and during the 2002-2005
interepidemic years.

METHODS

We conducted a descriptive analysis with use of data from the
period 2002-2006 from the AFP surveillance system maintained
by the National Polio Surveillance Project in India [12]. A case
of AFP was defined as acute flaccid paralysis in a child aged <15
years or any paralytic illness in a person of any age when polio is
suspected. The AFP surveillance database consists of data from
the case investigation form, laboratory results of each case,
clinical results at 60-day follow-up, and the final classification of
all AFP cases based on the World Health Organization (WHO)
virologic classification scheme [13, 14]. Individual case in-
vestigation forms detailing clinical presentation of the cases were
also available for fatal WPV cases occurring in 2006.

Eight WHO-accredited national laboratories in India
conduct virologic testing of stool specimens [11]. Two stool
specimens from each person with AFP are collected within 14
days of paralysis onset and sent to the laboratory for polio-
virus isolation and intratypic differentiation of isolates as wild
or vaccine-related virus. Cases from which WPV was isolated
in at least 1 stool specimen are considered to be virologically
confirmed paralytic poliomyelitis cases. Cases without any
stool sample or with inadequate samples in persons who have
residual paralysis after 60 days of onset are referred to an
expert panel and classified as either nonpolio AFP or as polio-
compatible cases [14, 15]. Poliovirus isolates were further
characterized by sequencing the VP1 protein coding region of
the genome with use of standard methods, as described else-
where [16]. Construction of dendograms showing genetic
sequence relatedness among the WPV isolates was conducted
at the Enterovirus Research Centre of the Indian Council of
Medical Research in Mumbai.

Changes occurred in the AFP surveillance system during the
period covered by our analysis. During 2002-2004, stool sam-
ples were collected from close contacts (siblings, persons in the
same household, or neighbors) of persons with AFP from whom
adequate samples could not be obtained [14]. However, even if
WPV was isolated from contact stool samples, the index case was

not classified as a WPV case. Thus, persons with AFP who died
before specimen collection were considered to have compatible
cases and were not included in the official WPV case count for
that year. In 2005, the case definition guidelines were changed
such that the index AFP case was considered a WPV case if WPV
was isolated from any stool samples of any of the case contacts
[14]. In addition, in 2005, in the Moradabad district of Uttar
Pradesh (UP) state, a surveillance medical officer was assigned
specifically for AFP surveillance activities, in contrast to all other
districts in India, where the surveillance medical officers had
other responsibilities, such as monitoring and training for im-
munization activities.

Variables in the AFP surveillance database analyzed included
age, religion, caregiver-reported vaccination status, including
date of last OPV dose, date of paralysis onset, laboratory results,
final case classification, and survival at 60-day follow-up. For the
purposes of our analysis, case patients were assigned un-
derserved status if they belonged to a population with low so-
cioeconomic status, marginalized status, high population
mobility, or poor sanitation [11]. In addition, a field in-
vestigation was conducted in Moradabad district in UP state to
obtain supplemental information on clinical presentation and
date of primary contact with a health care provider for all WPV
cases and persons who died during the 2006 outbreak.

To account for varying risk of WPV infection, CFRs were
calculated separately for India, UP state, and Moradabad district
and were stratified by age group. To account for the change in
case definition guidelines beginning in 2005, CFRs were calcu-
lated for 3 different polio case categories: restricted cases (WPV
isolated from stool samples collected from patients with AFP),
restricted cases for which the isolated WPV was type 1 (WPV1),
because there were no fatalities among patient with type 3
(WPV3) cases in 2006, and the total number of cases (restricted
cases plus AFP cases in which WPV was isolated from a contact
stool specimen). Rates for each category were compared with
the total CFR for the year, regardless of surveillance changes.
Comprehensive descriptive analyses were also conducted on
data from the 2 previous major outbreaks during 2002 and 2006.
Data were analyzed using Epilnfo, version 3.4.1 (Centers for
Disease Control and Prevention [CDC]); 95% confidence in-
tervals were calculated using the EpiTable program in Epilnfo,
version 6.04 (CDC).

RESULTS

India Overall

During the 2002 outbreak in India, clinical follow-up data
were available for 1584 of 1600 total WPV cases, and the CFR
was 4.1% overall (66 of 1600), 3.9% (58 of 1484) among
WPV1 cases, and 7.1% (8 of 113) among WPV3 cases. During
the 2006 outbreak, clinical follow-up data were available for
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Table 1. Poliomyelitis Case-Fatality Ratio (CFR), India, 2002-2006

Year No. of deaths Total WPV CFR, % (95%
among WPV cases Cl)
cases
2002 66 1600 4.1 (3.2-5.2)
2003 8 225 3.6 (1.7-6.6)
2004 7 134 5.2 (2.3-10.0)
2005 1 66 1.5 (0.07-7.2)
2006 45 676 6.7 (56.0-8.7)
Total 128 2701 4.7 (4.0-5.6)

NOTE. ClI, confidence interval; WPV, wild poliovirus.

673 of 676 total WPV cases, and the CFR was 6.7% (45 of 676)
overall, 7.3% (45 of 618) among WPV1 cases, and 0% (0 of
58) among WPV3 cases. The annual CFR during the 2003—
2005 interepidemic period ranged from 1.5% in 2005 to 5.2%
in 2004 (Table 1). The mean monthly CFR was 3.9 from
January through July 2002 and 9.6 from January through July
2006 (Figure 1).

Children aged <5 years accounted for 65 (98%) of 66
WPV-related deaths during the 2002 outbreak and all 45
WPV-related deaths during the 2006 outbreak. The CFR was
higher in all groups of children aged <5 years in 2006 than in
2002, but this finding was statistically significant (P < .05) for
only the <12 month age group (Table 2). The underserved
population accounted for 44 (67%) of 66 fatal cases and 910
(57%) of 1600 WPV cases in 2002, and 24 (53.3%) of 45 fatal
cases and 377 (55.8%) of 676 WPV cases in 2006; thus,
underserved status was not associated with increased CFR
among WPV cases.

UP State and Moradabad District

In 2002, the CFR in UP was 4.3% overall (54 deaths among 1242
WPV cases), 4.0% (46 of 1139) among WPV1 cases, and 8.0% (8
of 100) among WPV3 cases. The CFR in Moradabad in 2002 was
7.6% overall (6 of 79), 8.0% (6 of 75) among WPV cases, and
0% (0 of 4) among WPV3 cases. In 2006, the CFR in UP was
6.9% overall (38 deaths among 548 WPV cases), 7.5% (38 of
520) among WPV1 cases, and 0% (0 of 28) among WPV3 cases.
In 2006, the CFR in Moradabad was 12.3% (8 of 65) overall,
15.4% (8 of 52) among WPV1 cases, and 0% (0 of 13) among
WPV3 cases.

Children aged <5 years accounted for 53 (98%) of 54 WPV-
related deaths in UP and all 6 deaths in Moradabad during the
2002 outbreak; all deaths in both UP and Moradabad during the
2006 outbreak were among children aged <5 years. In UP, the
CFR was higher in all <5 year age groups in 2006 than in 2002
(Table 2). In Moradabad, the CFR was higher in 2006 than in 2002
in the <12 month and 12-23 month age groups (Table 2). Small
numbers limited statistical comparisons of age-specific CFRs.

Additional clinical data available for cases in 2006 indicated
that, of the total 45 persons with fatal WPV, 23 (50%) presented
with classic rapidly progressive bulbar paralysis. Seven of these 23
deaths with rapidly progressive paralysis were from Moradabad
district, where a more detailed investigation was conducted.

Moradabad had 65 WPV cases reported with paralysis onset
in 2006, the highest number of WPV cases for any district in
India during the 2006 outbreak. Eight deaths were reported
(CFR, 12.3%). All deaths were among 50 WPV case patients
aged <2 years, yielding a higher CFR of 16%. The deaths were
reported from April through July 2006 from 7 of the 14
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Figure 1. Wild poliovirus (WPV) cases and case-fatality ratio (CFR), by month of paralysis onset, India, 2002 and 2006.
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8.47%

CFR, %

@ Total cases (all WPV-positive cases, including those with only contact-positive stool specimens, as listed in the database for each year).

b Statistically significant increase in CFR in 2006, compared with 2002(P < .05).

subdistrict blocks in the district (Figure 2); the dates of paralysis
onset were from 15 April 2006 through 3 July 2006.

All fatal cases in Moradabad district were reported to the
surveillance unit within 7 days after paralysis onset. The mean
time from notification to investigation was <1 day; the mean
time from paralysis onset to investigation was 3.5 days. All
persons with fatal cases were seen by a qualified local pediatri-
cian before death; 7 were seen by a pediatrician within 2 days
after paralysis onset, and 1 was seen within 4 days. Three patients
were hospitalized. All 8 deaths occurred within 7 days after
paralysis onset, and 7 presented with rapidly progressive bulbar
paralysis. The other death occurred in a child who was severely
malnourished and emaciated, with complete paralysis in only 1
limb. Case classification was based on WPV isolated from stool
specimens for 5 patients and on WPV isolated from a contact
stool specimen for 3 patients.

Among the 8 deaths, 5 (62.5%) were from the underserved
population and 4 (50%) were <1 year of age. Three children
were >15 months of age at the time of paralysis onset and had
received >7 doses of OPV. Three children, of whom 2 were <6
months of age, received <4 doses of OPV. All children were
reported as having been vaccinated during the April 2006 im-
munization rounds; 7 (87.5%) received their last OPV dose
within 0-6 weeks before death. For 5 children who died, the
earliest date of OPV administration was June 2005. The maxi-
mum number of OPV doses received among all children who
died in Moradabad was 9 doses for a 22-month-old child.

Surveillance Sensitivity and CFR

Because of the changes in surveillance during 2002-2006, we
applied similar criteria to cases in 2006 as would have been used
in 2002 for CFR calculations. In this analysis, we removed any
WPV case in 2006 that was classified on the basis of a WPV
isolate from a contact stool sample and only included cases for
which WPV was isolated from the case patient’s stool specimen
(restricted cases) (Table 3). For restricted cases in 2002, the CFR
was 4.1% (66 deaths among 1600 WPV cases) overall in India
and 4.3% (54 of 1242) in UP and 7.6% in Moradabad. By
comparison, for restricted cases in 2006, the CFR was 3.7% (24
of 645) overall in India, 3.4% (18 of 523) in UP, and 8.1% (5 of
62) in Moradabad. There were no statistically significant dif-
ferences in CFR between 2002 and 2006, when comparing rates
among restricted cases. Because the majority of cases were
WPV1 during the years studied, we did not calculate a difference
between WPV1 and WPV3 because of the absence of fatalities
for WPV3 cases in 2006.

Genetic Clustering of WPV Isolates

To address the issue of potential contributions of viral de-
terminants contributing to differences in the CFR, genetic
relationships among the isolates from fatal cases were
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Figure 2. Moradabad district and location of WPV1 deaths, by block, 2006. Dots are randomly distributed in the block.

compared with all isolates from the same year. The majority of
WPV1 strains responsible for the outbreak in UP in 2006 were
derived from a single indigenous genetic cluster seen in
western UP in the previous year with smaller numbers pri-
marily from 2 other genetic clusters. As a result, most strains
in 2006 in UP and Moradabad were highly related genetically.
Virus isolates from persons with fatal cases came from all
active genetic clusters in approximate proportion to the
number of WPV cases from those genetic clusters. All virus
isolates from persons with both fatal and nonfatal WPV cases
in Moradabad in 2006 were derived from one genetic cluster,
and none of the viruses from the other genetic clusters were
observed in Moradabad, although they were present in other

parts of UP. In addition, no specific genetic subclustering of
virus isolates from the 8 patients with fatal WPV cases in
Moradabad was observed.

DISCUSSION

The CFR found in this study for India in 2006 is higher than in
previous years with a similar surveillance system (2002) and
higher than was previously reported in India [8, 9]. Comparable
studies from Nigeria found CFRs of 0.9%—-6.3% since 2005, with
CFRs for WPV1 cases of 0.9%~1.8% and for WPV3 cases of
3.2%-6.3% (S Wassilak, personal communication). Limited
CFR data are available from other countries in Southeast Asia;
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Table 3. Case-Fatality Ratio (CFR), by Case Category, 2002 and 2006

India UP Moradabad
Year Category?® Restricted Restricted WPV1 Actual Restricted Restricted PV1 Actual Restricted Restricted WPV1 Actual
2002 WPV died (a) 66 58 66 54 46 54 6 6 6
WPV (b) 1600 1484 1600 1242 1139 1242 79 75 79
CFR (a/b*100) 4.13 3.90 4.13 4.35 4.04 4.35 7.59 8.0 7.59
2006 WPV died (a) 24 24 45 18 18 38 5 5 8
WPV (b) 645 617 676 523 495 548 62 49 65
CFR (a/b*100) 3.72 3.89 6.70°  3.44 3.63 6.93° 8.06 10.2 12.31

NOTE. Restricted WPV1 = WPV case with positive stool where poliovirus type was WPV1. Total = All WPV positive cases (including those with only contact

positive stool) as listed in database for each year.
@ Restricted = WPV case with positive stool (contacts excluded).
b Significant difference in CFR between 2002 and 2006 (P < .05).

however, the numbers are small and surveillance sensitivity is
not as high as in India. An outbreak during 2005-2006 in In-
donesia led to 305 WPV cases, among which there were 4 deaths
(CFR, 1.3%). In 2005, Nepal reported 4 WPV cases, for which
no death was reported, and in 2006, there were 5 cases from
Nepal with 1 WPV death reported. In 2006, 18 cases were
reported, with no deaths in Bangladesh [18].

The sensitivity of AFP surveillance in India increased during
2002-2006, which might have resulted in detection of WPV
cases or WPV-related deaths that were missed in previous years.
It might have been expected that the increased surveillance
sensitivity would have led to a decrease in CFR because a more
sensitive system may result in increased reporting of less severe
disease (eg, transient paralysis or atypical symptoms). However,
the reported CFR was increased in 2006, compared with 2002,
primarily because of inclusion of patients with AFP from whom
stool samples could not be obtained but whose contacts had
a WPV stool isolate. When the analysis was restricted to fatal
cases with a WPV stool isolate, CFRs in 2002 and 2006 were
similar. Thus, the observations in this study provide a more
accurate picture of the spectrum of poliomyelitis and CFRs in
India than was previously available, in part because of intensified
surveillance activities and identification of cases that might
otherwise have been missed as the result of inadequate stool
specimens. This is especially relevant in Moradabad district,
where extremely ill children were able to be identified even after
death because of contact stool sampling.

Although an epidemiologic clustering of deaths occurred
in Moradabad from April through June 2006, the isolates
from these cases did not represent a distinct genetic cluster.
Our study did not identify human genetic factors responsible
for the higher CFR in Moradabad in early 2006, and further
studies are needed to assess the role of factors that might
increase risk of cases with classic clinical symptoms and
rapid progression to bulbar paralysis and death.

In 2006, >70% of WPV cases and deaths were reported
among children who had received >3 doses of OPV. This
finding may in part represent a limitation of how polio vaccine
doses are recorded during supplementary immunization activity
(SIA) rounds. SIA campaigns aim to maximize vaccination
coverage in which all children aged <5 years receive 1 OPV dose
regardless of vaccination history and the OPV dose given is not
recorded on the child’s immunization card [11]; the in-
formation about number of doses received is obtained from
parental reports, which might overestimate the actual number of
doses received. Another contributing factor may be the challenge
of inducing immunity to WPV and protection from paralytic
poliomyelitis among children after vaccination with OPV in
developing countries and in regions such as UP and Moradabad
district, where high population density, poor sanitation, mal-
nourishment, and coexisting enteric virus circulation may limit
seroconversion and protection among OPV recipients [11, 19—
22]. The presence of WPV infection and death in children <2
years of age in India, based on this study, is concerning because
it may indicate both a high failure rate of seroconversion after
vaccination and other possible coexisting risk factors, such as
malnutrition, diarrheal disease, and dehydration, that may have
contributed to the cause of death.

A limitation in our study was the lack of complete clinical and
laboratory information on AFP cases in India. The AFP sur-
veillance system in India does not include determination of
other coexisting infections or conditions other than WPV in-
fection. The clinical investigations of the deaths presented in this
study provide strong evidence that WPV infection was the cause
of death; however, the other diseases or conditions may also
present with similar clinical signs and symptoms [23-25]. Fur-
ther investigation of causes of death for fatal WPV cases, in-
cluding testing of stool and other specimens to investigate
possible coinfections (such as other enteroviruses prevalent be-
cause of poor sanitation and overcrowding conditions), might
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provide a more comprehensive explanation of why the case-
fatality ratio was increased among young children, compared
with what has been previously noted in the literature [2, 3,7-9].

Since the World Health Assembly resolved in May 1988 to
eradicate poliomyelitis, the majority of children in India are
vaccinated, and current poliovirus circulation in India is
limited primarily to the 2 northern states of UP and Bihar.
The CFR among children aged <2 years in India is higher
than was previously reported for young children. This more
accurate assessment of CFR of polio in India is a result of
improvements in surveillance sensitivity and methodology.
The high CFRs among children emphasize the lethal nature of
WPV infection and the importance of achieving polio erad-
ication in India.
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