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A large outbreak of poliomyelitis, with 463 laboratory-
confirmed and 47 polio-compatible cases, took place
in 2010 in Tajikistan. Phylogenetic analysis of the viral
VP1 gene suggested a single importation of wild polio-
virus type 1 from India in late 2009, its further circu-
lation in Tajikistan and expansion into neighbouring
countries, namely Kazakhstan, Russia, Turkmenistan
and Uzbekistan. Whole-genome sequencing of 14 iso-
lates revealed recombination events with enterovi-
rus C with cross-overs within the P2 region. Viruses
with one class of recombinant genomes co-circulated
with the parental virus, and representatives of both
caused paralytic poliomyelitis. Serological analysis of
327 sera from acute flaccid paralysis cases as well as
from patients with other diagnoses and from healthy
people demonstrated inadequate immunity against
polio in the years preceding the outbreak. Evidence
was obtained suggesting that vaccination against
poliomyelitis, in rare cases, may not prevent the dis-
ease. Factors contributing to the peculiarities of this
outbreak are discussed. The outbreak emphasises
the necessity of continued vaccination against polio
and the need, at least in risk areas, of quality control
of this vaccination through well planned serological
surveillance.

Introduction

A tremendous decrease in the incidence of paralytic
poliomyelitis has occurred since 1988, when the World
Health Organization (WHO) launched the Global Polio
Eradication Initiative [1]. Nevertheless, the originally
set goal to eradicate polio worldwide by the year 2000
was not achieved. Two major problems impede the
accomplishment of this task, (i) continuous circula-
tion of wild polioviruses (WPV) in a few countries and
importation of these viruses to other countries [2], and
(i) the ability of Sabin vaccine viruses to circulate for a
long time, with the propensity to acquire phenotypical
properties, including neurovirulence and transmissibil-
ity, similar to those of their wild-type counterparts [3].
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An outbreak of poliomyelitis occurred in Tajikistan in
2010 [4]. An increase in the incidence of acute flaccid
paralysis (AFP) was registered, starting early in that
year. The number of AFP cases increased modestly in
February and March, and peaked between mid-April
and mid-May (Figure 1A). Twenty-nine fatal cases were
registered. The outbreak was caused by WPV1 originat-
ing from India. To curb the outbreak, four rounds of sup-
plementary immunisation activities with monovalent
type 1 oral poliovirus vaccine (mOPV) were carried out
in May (4-8 and 18-22 May) and June (1-5 and 15-19
June), followed by two rounds of immunisation with tri-
valent OPV (tOPV) on 4—8 October and 8—12 November
2010. In addition, mop-up vaccination with mOPV was
carried out in 34 districts on 13-17 September 2010 [5].
As a result, the AFP incidence declined, and the last
WPV1 was isolated from an AFP patient on 4 July 2010.
The total number of reported AFP cases in 2010 was
715. The most affected cohort (43.8%) were one to five
year-old children. The majority of the cases were reg-
istered in the most populated south-western districts
of Tajikistan (Figure 2A). From Tajikistan, the outbreak
spread to neighbouring countries in the same year
(Kazkhstan, Russia, Turkmenistan and Uzbekistan).
This polio epidemic was one of the largest among
those recently caused by importation of WPV.

Here we present a molecular-epidemiological analy-
sis of this outbreak. The nature and the origin of the
virus were ascertained and its evolution was character-
ised. We have established the conditions favouring the
outbreak and discuss implications for the worldwide
efforts to combat poliomyelitis.

Methods

Virological investigations

Virus isolation from stools and typing were performed
by standard methods [6]. Intratypic differentiation
(ITD) was carried out by ELISA with cross-absorbed
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FIGURE 1

Cases of acute flaccid paralysis and laboratory-confirmed poliomyelitis, as deduced from our virological analyses and
epidemiological information accompanying faecal samples, Tajikistan, 2010 (n=715)
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AFP: acute flaccid paralysis; mOPV: monovalent type 1 Sabin vaccine; tOPV: trivalent Sabin vaccine.

(A) The time course of acute flaccid paralysis incidence and laboratory-confirmed poliomyelitis. Arrows indicate timing of mass immunisation
with monovalent type 1 and trivalent Sabin vaccines [5]. The target groups during the first two rounds were children up to the age of six years,
and in the subsequent rounds children under the age of 15 years.

(B) Age distribution of acute flaccid paralysis and confirmed poliomyelitis cases.
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FIGURE 2
Geographical distribution of acute flaccid paralysis and poliomyelitis cases in Tajikistan (n=715) and neighbouring
countries (n=25) in 2010
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(A) Laboratory-confirmed cases due to wild poliovirus type 1 and polio-compatible (red dots) and other acute flaccid paralysis (blue dots)
cases in Tajikistan. The dots are placed randomly within each district (borders not shown).

(B) Polio cases in Russia and other neighbouring countries due to wild poliovirus type 1 importation (red dots, with unspecific location within
Kazakhstan, Turkmenistan and Uzbekistan or within each federal subject in the case of Russia).

The territory of Tajikistan is marked in white and represents the epicentre of the outbreak.
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polyclonal antisera (kindly provided by Dr HGAM van
der Avoort, National Institute of Public Health and
Environmental Protection (RIVM), the Netherlands) [6,7]
and real-time RT-PCR [8]. For sequencing, poliovirus
RNA was extracted by phenol-chloroform from infected
cells and was reverse-transcribed using random hex-
amer primers (Syntol) and SuperScriptll reverse tran-
scriptase (Invitrogen). The cDNA of the region encoding
the capsid protein VP1was amplified by PCR using prim-
ers Y7R and Q8 [9]. For full-genome sequencing, cDNA
of eight overlapping genomic fragments were ampli-
fied by PCR (the primer sequences are available upon
request). The products were purified with QiaQuick
DNA Purification System (Qiagen). Sequencing was
performed by using a Beckman Coulter Seq 8000 or
ABI 3130 Genetic Analyzer.

Serological assays

Poliovirus-neutralising antibodies in human sera were
determined by microneutralisation [10]. Sera with neu-
tralising antibody titres <1:8 were considered negative.
Sabin 1-specific IgM and 1gG were detected by ELISA
[11].

Origin of samples

Stool samples from AFP cases were collected in
Kazakhstan, Russia, Tajikistan, Turkmenistan, and
Uzbekistan in accordance with the WHO Guidelines
[10]. Stool samples from healthy close contacts of
cases in Russia were collected following the national
recommendations for investigation of suspected polio
cases. The stool and sera specimens were collected
[10] by local public health workers. Personal informa-
tion (clinical data, vaccination status, age, location,
etc) were retrieved from the documents accompanying
the samples.

Bioinformatics methods

Multiple alignments, the estimation of the degree of
synonymous nucleotide divergence and of the simi-
larity of deduced amino acid sequences with the WPV
sequences available in the GenBank were performed
as described [12]. Bayesian phylogenetic analysis was
conducted using the software BEAST 1.7.4 [13]. The
general time-reversible substitution model with four
gamma categories and invariant sites was used for cal-
culations. Codons were grouped into three partitions
and the substitution model was unlinked across codon
positions. Markov chains were run for 2x10® genera-
tions, sampled every 5,000 generations, and executed
three times to ensure adequate mixing and stationar-
ity. The first 4,000 samples were discarded. The effec-
tive sample size, inspected with Tracer vi.5 (http://
tree.bio.ed.ac.uk/software/tracer/), of all parameters
was larger than 200, indicating that stationarity was
achieved. An analysis of the marginal likelihoods indi-
cated that the constant molecular clock and expansion
population growth model (log*°BF>2) was the best for
our data set. For the SimPlot analysis, default settings
were used [14].

Nucleotide sequence accession numbers

The nucleotide sequences determined in this study
are available from GenBank, accession numbers
KC800662-KC800683, KC812248-KC812257 and
KC880365—-KC880521.

Results

The causative agent of the outbreak, its origin
and evolution
Faecal samples (n=1,003) from 644 AFP cases were
investigated, and WPV1 was isolated from 463 patients
(Figure 1A), who were therefore diagnosed as polio-
myelitis cases. Of those 463, 29 cases were fatal. The
age distribution of poliomyelitis cases paralleled that
of AFP cases (Figure 1B). It is noteworthy that a sig-
nificant proportion of poliomyelitis victims (including
three fatal cases) were 15 years-old or older.
Specimens (two faecal samples each) from 181 AFP
cases were poliovirus-negative. Specimens from an
additional 69 AFP cases were unavailable and two
specimens were delivered in inadequate condition.
Forty-seven of these cases were eventually classified
as ‘polio-compatible’ by the National Expert Committee
in Tajikistan.

Non-polio enteroviruses were isolated from seven AFP
cases, including five polio-negative cases (Echovirus 7,
Coxsackievirus B1 and three non-typable human enter-
oviruses) and two victims of poliomyelitis (Echovirus 13
and one non-typable, both in mixtures with WPV1).

We sequenced the capsid protein VP1 coding regions
of 116 WPV1 isolated from poliomyelitis cases from
February to July 2010 in Tajikistan as well as the 37 iso-
lates obtained from 25 poliomyelitis cases and eight
healthy persons in April to November 2010 in neigh-
bouring countries (see below). They were found to rep-
resent a monophyletic group most closely related to the
viruses isolated in Uttar Pradesh (India) from two polio
cases with disease onset on 1 October and 6 November
2009 (Figure 3). Phylogenetic analysis suggested that
the outbreak in Tajikistan resulted from a single impor-
tation event. Consistent with a rapid development of
the outbreak, the majority of the isolates exhibited
a low level of genetic divergence and did not cluster
into distinct, statistically supported lineages, although
the maximum VP1 nucleotide divergence between the
WPV1 isolated in Tajikistan was 1.7%.

The VP1 diversity between the most diverged members
of this monophyletic population, RUS38492 (Dagestan,
18 September 2010) and RUS38655 (Chechnya, 6
October 2010) was 2.3%. On the basis of the phyloge-
netic reconstruction, it may be estimated that these
viruses had independently evolved from a common
ancestor ca 14 months earlier (with 95% highest prob-
ability density confidence interval (HPD) of 12.3-15.8
months) (Figure 3). The mean rate of nucleotide substi-
tutions comprised ca 1.28% (95% HPD: 1.05-1.51%) per
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FIGURE 3

Maximum clade credibility tree for the VP1 coding region of wild polioviruses isolated during the outbreak in Tajikistan
and neighbouring countries, 2010 (n=119*) and of isolates circulating in Uttar Pradesh in 2008 (n=5) and 2009 (n=17)
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FIGURE 4
Recombinant genomes of polioviruses isolated during the outbreak in Tajikistan and neighbouring countries, 2010
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(A) Similarity plots of a1,383 nt long genome segment (position 5,990-7,372) of ns* (gray), ns® (green), ns¢ (blue), ns® and nst (red) isolates
compared with the sequence of wild poliovirus type 1 UPBSL09341 isolated in Uttar Pradesh in 2009. The nsA variant was inherited from
an Indian predecessor, while other variants appeared to originate in Tajikistan.

(B) Schematic representation of five types of the non-structural genomic region. Possible relations between different variants are indicated
by arrows.

(C) Nucleotide sequences in the proximity of the crossover points of ns®and ns¢ recombinants compared with the parental ns* sequence.

(D) Nucleotide sequences in the proximity of crossover points of ns® and nsf recombinants compared with the parental ns* sequence. Identical
nucleotides are marked by dashes.
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FIGURE 5
Population immunity to polioviruses in Tajikistan, 2010 (n=327)
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year, i.e. close to the earlier estimates by Gavrilin et al
[15] and Jorba et al [16].

Nucleotide variability in the VP1 coding region mostly
affected synonymous sites (147 synonymous substitu-
tions per 182 changed positions). The majority of non-
synonymous mutations were sporadic and only one,
Glutamine to Arginine at position VP1-004 (the amino
acid residues are numbered starting at VP1-001) was
observed in 12 of 153 analysed WPV1 sequences. This
and several other mutations, which mapped to, or close
to, antigenic sites and/or sites involved in interaction
of poliovirus with its receptor, did not deviate from the
VP1 consensus for WPV deposited in the GenBank and
appeared to reflect ‘permitted’ variability with little or
no adaptive significance.

Whole genome sequencing

Full genome sequences of 14 WPV1 isolates from
Tajikistan (n=6), Russia (n=6), Kazakhstan (n=1) and
Turkmenistan (n=1), were determined. Several amino
acid residues of the capsid proteins other than VP1
were found to be unique (not present in the GenBank)
and two of them appeared to map to the antigenic/
receptor-interacting regions. However, neither of them
was consistently fixed in a significant number of iso-
lates or reflected a substantial change in the physical-
chemical properties of the residues, again suggesting
that this variability was of a non-adaptive nature.

These sequences as well as partial sequences of the
non-structural region of 37 additional isolates (32 from
Tajikistan, four from Russia and one from Turkmenistan)
revealed, in addition to mutations, several recombina-
tion events. Comparative analysis indicated that one
set of nonstructural proteins (designated ns*) was
inherited from the parental Indian strain (Figures 3 and
4), whereas another (ns®) appeared to be acquired by
recombination with an unknown enterovirus C (Figure

TABLE 1

4) before February 2010, because the very first WPV1
isolate in Tajikistan (the case dated 1 February 2010)
already was of ns® type. Since that isolate exhibited
sequence heterogeneity, plaque cloning was per-
formed. As a result, an additional related recombinant
was identified. The crossover region in the ns®-har-
bouring isolate mapped to around nt position 4,488
in the 2C region, whereas the other isolate (ns®), while
sharing ca 540 nt with that of ns®, had acquired the
sequence downstream of position 5,028 from another
enterovirus C (Figure 4). Detection of the ns® set of pro-
teins in numerous WPV1 isolates (Figure 3) suggested
widespread co-circulation of these viruses together
with nsA-harbouring viruses. On the other hand, ns®
proteins were detected only in the isolate from a sin-
gle patient and thus appeared to represent a dead-end
population (although it should be admitted that only a
limited proportion of isolates (n=51) were sequenced
in the non-structural region and all isolates were from
cases of poliomyelitis).

Sequencing of a WPV1 isolate from another patient
also revealed heterogeneity. Cloned populations of
this isolate demonstrated the presence, along with the
nsA-containing virus, of two recombinants possessing
distinct, though closely related, sets of non-structural
proteins, ns® and nsf. The crossing partner(s) of the
ns?-containing virus appeared to be another human
enterovirus C (or two related viruses), which donated
their sequences downstream of nt positions 3,755 and
4,104, respectively (Figure 4). It is unclear whether
there were in this case two independent recombination
events, or one recombinant was the predecessor of
the other (Figure 4B). Neither ns® nor nsf proteins were
detected in any other sequenced isolate. Although
numerous mutations in the non-structural proteins
were detected, we were unable to ascribe to any of
them an obvious biological significance.

Antibodies in sera of poliovirus-negative cases of acute flaccid paralysis registered before the start of the supplementary

immunisation activities, Tajikistan, 2010 (n==8)

Microneutralisation
Year of birth

ELISA (Sab1)

anti-Sab1 anti-Sab2 anti-Sab3

1986° 841 1,024 31,024 1,600 25,600
1990° 299 251 178 100 6,400
1994° 1,024 1,024 11 100 3,200
1996° 1,024 1,024 421 100 25,600
2006° <8 <8 <8 100 100
2008? 299 <8 <8 12,800 3,200
2008" 299 <8 <8 400 3,200
2010°¢ 708 708 <8 1,600 6,400

ELISA: enzyme-linked immunosorbent assay; Sab: Sabin vaccine strain.

2 Data on the vaccination not available.

b Patients reported to be vaccinated before 2010.

¢ Patient reported to be vaccinated late in March, 2010 before the SIAs were started.
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The observed variability in the 5’- and 3’-untranslated
regions did not appear to affect the stability of their
secondary structures (not shown).

Conditions favouring the outbreak

To provide insight into conditions favouring the out-
break, 327 sera obtained before and during the out-
break from 188 randomly selected patients with AFP
(144 laboratory-confirmed, 42 WPV-negative and two
not investigated) and 139 healthy persons or patients
with other diagnoses were assayed for poliovirus anti-
bodies. A low immunity to poliovirus types 2 and 3 was
revealed in 67 of 137 children born in 2004 to 2010
(Figure 5). Neutralising antibodies to these serotypes
were not detected (<1:8) in 37% of the sera from all AFP
cases and in 64% sera of 81 AFP patients born in 2007
to 2009, testifying to insufficient population immunity,
which is very likely to have contributed to the outbreak
onset and size.

Additional serological features

Of the eight poliovirus-negative patients who devel-
oped AFP before the supplementary immunisation
activities and from whom sera were collected, at least
three seemed to be unvaccinated as they lacked neu-
tralising antibodies to Sabin strains of serotypes 2 and
3. Two of them exhibited high titres of both neutralis-
ing antibodies and IgM to poliovirus type 1 (Table 1),
consistent with a recent infection with this virus. The
data from four patients raised the possibility that even

TABLE 2

High levels of neutralising antibodies in the laboratory-
confirmed poliomyelitis cases registered before the start
of the supplementary immunisation activities®, Tajikistan,
2010 (n=13)

Microneutralisation

Year of birth

anti-Sab1 anti-Sab2 anti-Sab3
1990° 1,024 355 53
1995° 708 708 32
1996° 596 355 299
2003 251 501 211
2003" 150 355 1,024
2003° 1,024 1,024 251
2005°¢ 421 1,024 75
2005°¢ 1,024 501 45
2006° 75 32 1,024
2006° 150 45 422
2006° 501 1,024 501
2007° 89 502 75
2009° 422 1,024 211

Sab: Sabin vaccine strain.

2 Only data for sera with high titres (21:32) of neutralising
antibodies to the three poliovirus serotypes are included.

® Data on the vaccination not available.
¢ Patients vaccinated before 2010.

www.eurosurveillance.org

poliovirus-negative AFP patients who possessed neu-
tralising antibodies to all poliovirus serotypes and
thus were seemingly effectively vaccinated, might pre-
sent paralytic disease. Indeed, the sera of one such
case had a very high IgM titre against poliovirus 1,
suggestive of acute infection. Although non-polio AFP
aetiology in some of these cases cannot be rigorously
excluded, their appearance during the poliomyelitis
outbreak suggests that they were more likely to be
caused by WPV1i. Remarkably, 13 of the 144 patients
with laboratory-confirmed poliomyelitis were serotype-
positive against all the three polio serotypes (Table 2)
and thus were also likely to be vaccinated.

Export to neighbouring countries

During the outbreak, WPV1was exported from Tajikistan
to several neighbouring countries, Kazakhstan, Russia,
Turkmenistan and Uzbekistan. The largest number of
disease cases caused by this virus, 19 cases of para-
lytic poliomyelitis, was observed in Russia (Figure
2B). Seven of these patients had recently come from
Tajikistan or Uzbekistan or had known contacts in these
countries. Fifteen cases were registered in Russian
citizens, predominantly in the North Caucasus region
(seven cases in Dagestan and four in Chechnya). The
age of the 19 poliomyelitis patients ranged from six
months to 32 years, and eight of them had no antibod-
ies against poliovirus types 2 and 3 and were therefore
likely to be unvaccinated. Of note, among patients in
Dagestan, three were adults (19, 27 and 32 years-old);
two of them may have been vaccinated, judging by the
presence of antibodies to polioviruses types 2 and 3.
WPV1 was also isolated from 39 of 438 investigated
healthy contacts, including four persons between 48
and 8o years-old.

Sequencing data indicate that all the isolates from
Russia were closely related to the strains circulating
in Tajikistan and that there were at least 10 independ-
ent virus importations (Figure 3). In some cases, the
transmission route from Tajikistan to Russia could be
established with reasonable certainty. Thus, the virus
with Arg VP1-004 was isolated in adjacent districts of
Tajikistan starting from February 2010, and viruses
with this marker were later, from May 2010, isolated
in Russia as well as in Uzbekistan. The non-structural
genomic regions of three of 12 isolates possessing this
marker were sequenced and found to share non-struc-
tural proteins of ns® type.

Several chains of WPV1 transmission within Russia
could also be identified (Figure 3). One was detected
in the Irkutsk Region, with the first WPV1 isolated on
4 May from an AFP-diagnosed patient recently arrived
from Tajikistan, the second from a healthy contact on 6
May, and the third from an unrelated healthy person on
9 June. A second transmission chain was due to impor-
tation to the Chelyabinsk Region around the end of
April. Two cases were registered, on 10 May and 2 June,
suggesting circulation of the virus for at least three
weeks. The importation resulting in the transmission
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chain in Chechnya, with onset of the first two polio
cases on 4 August (estimated importation date on
around 11 July), appeared to occur after the last case of
WPV1-caused poliomyelitis was registered in Tajikistan
on 4 July. Two subsequent isolations from poliomy-
elitis victims were on 10 August and 6 October 2010,
suggesting circulation for over two months. One more
transmission chain may have occurred in Dagestan,
where seven polio cases were registered from 15 July to
22 November 2010. However, due to a relatively weak
statistical support (0.77), several independent impor-
tations to Dagestan cannot be rigorously excluded.

Several WPV1 were isolated from faecal samples col-
lected in 2010 from AFP cases in other neighbouring
countries, two in Uzbekistan (six months- and 11 years-
old, both vaccinated; dates of onset in April and May),
three in Turkmenistan (two-, 11 and 13 years-old, all vac-
cinated; dates of onset in June), and one in Kazakhstan
(seven years-old, vaccinated; date of onset in August).
All of them were closely related to the Tajikistan iso-
lates (Figure 3).

Discussion

The viruses isolated during the Tajikistan poliomyelitis
outbreak of 2010 were closely related to the strains that
circulated in the Indian state of Uttar Pradesh between
1 October and 6 November 2009. A single importa-
tion of WPV1 appears to have occurred in October
2009 (mean date with 95% HPD: end of August—early
December) (Figure 3), i.e. well before the first isolation
of WPV1 in Tajikistan, and the lag between this impor-
tation and first detection of the virus in Tajikistan could
be explained by a low case:infection ratio for WPV1
infections and/or inadequate AFP surveillance. It may
be noted that movement of people exists between the
two countries, and this or a similar route of the cross-
border poliovirus transmission was recorded also in
1991, when a strain of WPV1 circulating in Tajikistan
(so called T-geotype) was found to be closely related
to viruses found during the same period in India and
Pakistan [15,17]. It may be noted that the VP1 sequences
of the T-geotype and the contemporary viruses isolated
in India and Tajikistan exhibited only 13-15% similar-
ity. Moreover, the Tajikistan outbreak is a recent exam-
ple of a long-standing process of importation of WPV
from South Asia to Central and East Asia. Other exam-
ples include importation into Xinjiang, China in 2011
[18] and in 1999 into Qinghai, China [19].

The size of the outbreak

The number of AFP cases registered in Tajikistan.during
the outbreak was 715, of whom 463 were diagnosed as
poliomyelitis cases and 47 as polio-compatible cases;
181 WPV-negative patients and 24 patients without
adequate faecal samples were classified as non-polio
AFP cases. However, there is reason to believe that in
reality the outbreak in Tajikistan in 2010 was larger.

Indeed, the number of AFP cases with unavailable
or inadequate faecal specimens (n=71 cases) or
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WPV1-negative specimens (n=181) was very high.
The reported mean yearly AFP incidence among chil-
dren under the age of 15 years from 2000 to 2009.in
Tajikistan was 30+8 [20], which corresponds to a rate
of slightly above one case of AFP per 100,000 children
under 15 years of age. The sharp, ca six-fold, increase
in the number of non-polio AFP cases in 2010 was unu-
sual. Itis plausible that a proportion of them were asso-
ciated with WPV1 infection. It is noteworthy that large
areas in Tajikistan in 2010 had a significant number of
AFP cases with no confirmed poliomyelitis (Figure 2A).

A significant number of poliovirus-negative AFP cases
in the context of the 2010 outbreak were classified by
the National Expert Committee as polyneuropathy and
Guillain-Barré syndrome. However, in-depth clinical
investigations such as the cerebrospinal fluid analy-
sis, electromyography and nerve conductance studies
had not been performed. Our own clinical observations
(data not shown) suggest that at least two lethal AFP
cases with unavailable or inadequate faecal specimens
were discarded by the National Expert Committee but
could, according to the current criteria, be regarded as
polio-compatible. The presence of neutralising anti-
bodies and high-titre IgM to type 1 poliovirus in the
absence of neutralising antibodies to other poliovirus
serotypes in two of the three apparently poliovirus-
negative AFP cases may also be considered as an indi-
cation for likely recent infection with WPV1.

It cannot be excluded that the unusually high preva-
lence of AFP cases in 2010 may be partly explained by
overreporting during the outbreak or underreporting in
the previous years. Nevertheless, we think the availa-
ble data are largely representative, even if not sampled
systematically. If so, this would testify to limitations of
the AFP incidence statistics as a key indicator in the
current polio surveillance, at least in certain areas.

It is highly surprising that no polio cases were reported
from Uzbekistan, as cases occurred across the border
in Tajikistan (Figure 2A) and cross-border travel is fre-
quent. Moreover, one patient developed paralysis (and
excreted poliovirus closely related to the Tajikistan
WPV1) one day after arrival to Moscow from Uzbekistan
in the beginning of June, 2010 [21]. WPV1 were also
detected in faecal samples from two AFP cases in
Uzbekistan.

It may be added that paralytic diseases are known to
be presented only by a minority of the infected per-
sons, e.g. one case per 190 for WPV1 [22], suggesting
that there may have been tens of thousands infections
in Tajikistan in 2010.

Conditions facilitating the outbreak

A marked proportion of AFP victims of the Tajikistan
outbreak who were born between 2004 and 2010, had
no detectable antibodies to poliovirus serotypes 2
and 3 and hence were most probably not vaccinated. A
serological survey conducted by Khetsuriani et al. after
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the start of vaccination with mOPV and before tOPV
implementation also showed a low level of less than
90% population immunity to type 3 poliovirus [23].

Although observations made in India demonstrate
that vaccination may fail to induce adequate antibody
response under certain conditions [24], the situation
in Tajikistan appears to be different, judging by the
effectiveness of vaccinations conducted to curb the
outbreak (Figure 1A). The estimated anti-polio vaccina-
tion coverage with three doses of OPV in Tajikistan in
2005 to 2008 varied between 76 and 87% [25]. Thus,
the inadequate level of immunity before the outbreak
appears to have been a consequence of failure to vac-
cinate rather than of vaccine failure. It may be noted,
that many countries, including several European ones,
demonstrate similar low, or even lower, polio vaccina-
tion coverage [26], a situation requiring urgent meas-
ures to diminish the risk of similar outbreaks.

Special attention deserves the circulation of poliovirus
among teenagers older than 15 years and adults. This
age cohort is rarely targeted by vaccination campaigns,
but can play a significant part in transmission of the
virus.

Paralytic disease in previously vaccinated people
Although the major factor favouring the development
of this outbreak was inadequate population immunity
against poliovirus, there is evidence, although circum-
stantial, that paralytic poliomyelitis may on extremely
rare occasions occur in OPV-vaccinated people who
have a sufficient level of appropriate antibodies (Table
2). This observation by no means discredits the efficacy
or safety of OPV but should be taken into account dur-
ing epidemiological analyses. It may be added that the
possibility of polio infection (without paralytic mani-
festations) of vaccinated people has been reported
previously, e.g. in people with deficient mucosal immu-
nity [27,28].

Epidemiological relevance of recombinants
between wild polioviruses and other
enteroviruses

Recombination between WPV or vaccine-derived
polioviruses with other enteroviruses C is well known
[29-31], but its biological relevance remains unclear.
Recombination between WPV1and several human enter-
oviruses C took place in Tajikistan in 2010. Interestingly,
only one of several detected recombinants with newly
acquired nonstructural proteins (ns®) appeared to co-
circulate with the originally imported lineage. It could
be speculated that the failure of other recombinants
to circulate was due to poor mutual compatibility of
their genes. Another possibility is that at least some
of these other recombinants did circulate but did not
cause neurological disease and therefore could not be
detected in samples from AFP cases. It should also be
kept in mind that non-structural regions were analysed
in only a restricted set of isolates.
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Do those recombinants that are sufficiently fit (i.e. able
to spread in human populations) have any advantage
compared to the non-recombinants? An interesting,
if speculative, possibility could be a role for non-
structural poliovirus proteins in eliciting an immune
response. This postulate is partially supported by the
detection of antibodies against poliovirus non-struc-
tural proteins in some sera of poliovirus-positive AFP
cases (data not shown; see also [32]). It is of note that
non-structural proteins of other picornaviruses such
as foot-and-mouth disease virus [33,34], hepatitis
A virus [35], and Theiler’s murine encephalomyelitis
virus [36,37] do serve as targets for antiviral immunity.
If this reasoning is valid, exchanges of non-structural
proteins may facilitate immune evasion. We were, how-
ever, not able to demonstrate the ability of sera from
poliomyelitis patients to discriminate between viruses
with different sets of non-structural proteins (ns* and
ns®). This hypothesis deserves further testing.

Conclusion

Several important lessons can be learnt from the anal-
ysis of the outbreak in Tajikistan. The main circum-
stance permitting the spread of the imported WPV was
low population immunity against poliovirus. The effec-
tiveness of the vaccination in stopping the outbreak
indicates that there were no factors strongly interfer-
ing with the development of immune response against
poliovirus and that people with no protective antibod-
ies were most likely not to be (correctly) vaccinated.
Serological surveillance can provide objective meas-
ures independent of official estimates of polio vaccina-
tion coverage. This surveillance should not neglect the
immunological status of adults.

This outbreak, as well as an outbreak in the Republic
of Congo in 2010 [38], highlight the need for continu-
ous vaccination against poliomyelitis [39], especially
taking into account a low level of population immunity
against poliovirus in numerous countries. Moreover,
the currently adopted vaccination strategy, i.e. a
gradual switch from OPV to IPV [40], may need to be
reconsidered, particularly in circumstances such as the
recent silent transmission of WPV1 in Israel [41]. The
possibility of circulation of WPV should be taken into
account by the health authorities of the countries that
use an IPV-only schedule. Finding the optimal way for
maintaining adequate population immunity to poliovi-
rus is an urgent challenge.
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