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INTRODUCTION

With the adoption of Resolution WHA41.28 in May, 1988, the
World Health Assembly committed WHO to the exciting challenge
of the global eradication of poliomyelitis by the year 2000.!

Success will require strengthening of many aspects of the
Expanded Programme on Immunization (EPI). The most important
tasks are increasing routine levels of immunization coverage and
improving disease surveillance,

For poliomyelitis, surveillance relies heavily on laboratory
services. This reliance increases as the number of cases decreases.
In countries/areas which are now polio-free, or nearly so, each
suspected case requires complete laboratory workup. In addition,
there needs to be continuous monitoring of viruses isolated from
patients and from the environment, In the final stages of the initia-
tive, given competent laboratories and an active programme of
laboratory surveillance, absence of wild poliovirus will be the
criterion for global eradication.

While there are many highly competent individuals and laborato-
ries currently engaged in the laboratory diagnosis of poliomyelitis,
methods and reagents are not highly standardized, and no global
system of proficiency testing of laboratories has yet been established.
It is hoped that this manual will make a contribution in both areas.

Because of the variety of methods currently in use, universal
consensus on the methods recommended here will of course be
difficult to reach. It is hoped, however, that any laboratories which
are not in a position to adopt the recommendations in this manual
will at least be willing to include them along with their own methods.
This will provide both a means to assure global consistency in
reporting results and, where the superiority of other methods can be
demonstrated, a means for improving the WHO recommendations.

The WHO methods will also provide the basis for instituting a
global system of proficiency testing. While the credibility of the
eradication effort will ultimately depend on such a system, its main
function in the beginning phases of this initiative will be to identify
areas in which laboratories are experiencing difficulties so that
support and training can be appropriately offered.

We thank all who have contributed their time and effort to this
manual. We hope you, the user, will find it useful. But please help us
by sharing your comments and suggestions so that we can continue
to revise and Improve it. We look forward to collaborating with you
in this great adventure of polio eradication.

A complementary effort has been made to upgrade and standardize vaccine
potency testing including oral poliovaccine. Information on the laboratory
methods used in vaceine potency tests is available from the Biologicals (BLG)
Unit, WHO, (Geneva,
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POLIOMYELITIS: THE VIRUS, PATHOGENESIS,
TRANSMISSION, IMMUNITY AND PREVENTION

1.1
THE VIRUS

Polioviruses comprise three serotypes within the genus
Enterovirus of the family, Picornaviridae. The poliovirus virion is
approximately 27 nm in diameter, and consists of a capsid of:60
subunits, each with 4 proteins (VPl through VP4) arranged in
icosahedral symmetry around a genome made up of a single strand
of positive-sense RNA. The capsid and noncapsid proteins are
formed by cleavage from large precursor polyproteins. Xray diffrac-
tion studies have revealed the three-dimensional molecular struc-
ture of the polio virion. The three largest proteins (VP1-VP3), are
similar in core structure; the peptide backbone of the protein loops
back upon itself, forming a barrel of eight strands held together by
hydrogen bonds (the beta-barrel). Between the beta-barrel and the
amino and carboxyl terminal portions of the protein, the amino acid
chain contains a series of loops, which include the chief antigenic
sites found on the virion surface; these sites are involved in the neu-
tralization of virus infection. The smallest (internal) protein, VP4, is
associated with vira] ENA.

Polioviruses, like other enteroviruses, are stable at acid pH for
1-3 hours, and have a buoyant density in caesium chloride of about
1.34 g/cm?. Since the virion has no lipid-containing envelope, it is
not affected by lipid solvents such as ether or sodium deoxycholate.
The virus infectivity is completely inactivated when heated at 56°C
for 30 minutes. In the presence of molar magnesium chloride polio-
virus is partially protected from inactivation, a property whu,h has
been utilized in stabilizing oral poliovirus vaccine.

Poliovirus replicates in the cytoplasm of the infected cell, the
infectious cycle being complete in approximately 6 hours. Mature
virus is released by lysis of the cell. In the laboratory, virus is-
cultivated in primary or continuous-line cell cultures from various
human or monkey tissues. Natural isolates of polioviruses infect
only primate cells that contain a specific membrane receptor for the
virus on the cell surface. :
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Within each of the three antigenic types, intratypic differences
can be distinguished by use of newly developed tools of molecular
biology. These include reacting with strain-specific absorbed poly-
clonal or monoclona) sera, oligonucleotide mapping, and sequencing
the bases in the viral genome.

To ensure clarity of communication and uniformity of nomencla-
ture, all antigenically characterized poliovirus isolates should be
identified by antigenic type, country (or c¢ity) of origin, strain num-
ber, and year of isolation. Thus, P1/Houston/23/62 designates a
type 1 poliovirus strain, number 23, isolated in Houston in 1962.

1.2
PATHOGENESIS AND DISEASE

The portal of entry of the virus is the mouth. Primary multiplica-
tion takes place in the oropharynx or the intestine, and for a few
days virus may appear in the blood. The virus can be isolated from
the throat just before and at the first signs of illness, The incubation
period is usnally between 7 and 14 days, but may range from 3 to 35
days. One week after onset there is little virus in the throat, but large
amounts of virus continue to be excreted in the faeces for several
weeks even though humoral antibodies have usually developed
during the same period.

Virus from the bloodstream can invade the central nervous system
(CNS) unless sufficiently high levels of neutralizing antibodies have
developed to block this pathway. Within the CNS, the virus spreads
along nerve fibres, and in the process of its intracellular multiplica-
tion it may damage or completely destroy the invaded nerve cells,
resulting in flaccid paralysis. The anterior horn cells of the spinal
cord are most prominently involved, but in severe cases the posterior
horn and dorsal root ganglia may also be affected. In the brain, the &,
reticular formation, vestibular nuclei, and deep cerebellar nuclei are
most often affected. The cortex is almost completely spared, except
for the motor cortex along the precentral gyrus.

Poliovirus does not multiply in muscle tissue én vive. The malfunc-
tions that occur in peripheral nerves and voluntary muscles follow
upon the replication of virus in nerve cells. Changes occur rapidly in
nerve cells, from mild chromatolysis to neuronophagia and complete
destruction. Some nerve cells that lose their function due to local
oedema may ultimately recover completely. Inflammation, chiefly by
lymphocytes, is a secondary result of the attack on nerve cells.
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When a susceptible individual is exposed to infection by a virulent
poliovirus, the response may be (1) inapparent infection without
symptoms, (2) minor illness, (3) aseptic meningitis, or (4) paralytic
poliomyelitis. Only about 1% of poliovirus infections are recognized
clinically. Shedding of virus from the throat and faeces and resultant
transmission of infection can take place without any invasion of
the CNS.

The minor illness may include fever, malaise, drowsiness, head-
ache, nausea, vomiting, constipation and sore throat, in vartous
combinations. The patient recovers in a few days. Nonparalytic
poliomyelitis {aseptic meningitis), in addition to some of the above
signs and symptoms, includes stiffness and pain in the back and
neck; the fllness lasts 2-10 days, with rapid and complete recovery.
It is important to emphasize that poliovirus is only one of the many
enteroviruses and other viruses that produce aseptic meningitis.

f‘ In paralytic poliomyelitis, onset of the major disease may follow
minor illness such as described above, or it may occur without
any antecedent first phase. The predominant complaint is flaccid
paralysis resulting from lower motor neurone damage. The maximal
recovery usually occurs within 6 months, but residual paralysis
usually lasts much longer.

1.3
MODE OF TRANSMISSION OF INFECTION

Human beings are the sole reservoir of polioviruses, and close
human contact is the primary avenue of spread. Virus can be recov-
ered from the oropharynx for several days, but is shed in the faeces
for periods up to a month or longer. The usual source of infection is
virus from the oropharynx or faeces spread by contaminated fingers.

;. Young children are the main reservoir of infection with spread to
other family members. By the time poliomyelitis is recognized in
any member of a family, all susceptible members have already been
infected.

When poliovirus is circulating within a community, virus can
usually be found in sewage, which can serve as a source of contami-
nation of flies or of water used for drinking, bathing, or irrigation.

In temperate climates, infection with enteroviruses, including
poliovirus, occurs mainly during the summer and autumn. In tropical
climates virus circulation tends to occur all the year round or is
associated with the rainy season. Throughout the world there is a
direct correlation between poor hygiene, poor sanitation, and over-
crowding and the acquisition of infection and antibodies at an
early age. :
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Passive immunity is transferred from mother to offspring. The
maternal antibodies gradually disappear during the first 6 months of
life. Passively administered antibody lasts only 3-5 weeks.

Virus-neutralizing antibody forms within a few days after exposure
to the virus, often before the onset of illness, and persists, apparently,
for life. Its formation early in the infection is a result of viral multipli-
cation in the intestinal tract and deep lymphatic structures before
invasion of the nervous system. Since antibodies must be present in
the blood to prevent the dissemination of virus to the brain and are
not effective after this has already occurred, immunization is of
value only if it precedes the onset of symptoms referable to the
nervous system.

Circulating serum antibody against poliovirus is not the only
source of protection against infection. Local or cellular immunity is
manifested by protection against intestinal reinfection after recovery
from a natural infection or after immunization with oral polio vaccine.
Local or secretory antibody is increasingly recognized as having an
important role in defence against infections by polioviruses or by
other cnteroviruses.

Viral infections in general carry an increased risk for persons
with various immunodeficiencies in either humoral or cell-mediated
immunity. In such persons, polioviras infection - either by wild
virus or by vaccine strains (which have reverted on passage in
humans) — may develop in an alypical manner, with an incubation
period longer than 28 days, a high mortality rate after a long
chronic illness, and unusual distribution of lesions in the central
nervous system.

A decrease in resistance to poliovirus infection accompanies
removal of tonsils and adenocids. Pre-existing secretory antibody
levels in the nasopharynx decrease sharply following operation,
without any change in serum antibody levels. Local antibody levels
remain low or absent for as long as 7 months. In seronegative
children, the nasopharyngeal antibody response to poliovirus vaceine
develops significantly later and to lower titres in children previously
tonsillectomized than in those with intact tonsils.

Other host factors which influence the severity of poliovirus
infection are age (particularly the very young), pregnancy, and
chronic undernutrition,
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1.5

PREVENTION BY IMMUNIZATION

Although improved sanitation and hygiene help to limit the
spread of polioviruses, the only specific means of preventing para-
Iytic polio is immunization with live oral polio vaccine (OPV) or/and
inactivated polio vaccine (IPV). Both of the vaccines available at
present are excellent. Both contain viruses of all three poliovirus
serotypes.

Formalin-inactivated polio vaccine (IPV, also known as Salk
vaccine) is prepared from virus grown in monkey kidney cultures
(previously in primary cultures, now chiefly in continuous-passage
Vero monkey cells). Repeated booster inoculations have been
required to maintain immunity with IPV that has been generally
available up to the present time. New formulations of IPV with
higher concentrations of antigen (enhanced or eIPV) have been
developed recently. The aim of these new vaccines is to induce
satisfactory and lasting antibody responses in a large proportion of
vaccinees after only two doses. However, field experiences to date
have not yielded unequivocally clear results as to their clinical
efficacy and overall, long-term effect. '

Live, attenuated oral polio vaccine (OFPV, also known as Sabin
vaccine) containg virus grown in primary monkey cell cultures or in
human diploid cell cultures, OPV can be stabilized by the addition of
magnesium chloride or saccharose, the former being used more
often. Stabilized OFPV can be stored at 0°C to 8°C for 6 to 12 months
without significant loss of titre. When the distribution and administra-
tion of the vaccine is not imminent, OFV may be stored up to 2 years
at —20°C, At elevated temperatures stabilized OPV retains the mini-
mum potency for shorter periods of time: 7 to 14 days at 26°C and
2 days at 31°C. At 37°C the vaccine loses about 0.15 log,, every day.
With this degradation rate, a vaccine with an assumed total virus
content of 6.15 log,, will lose half of its potency during a two-day
exposure to 37°C. Further efforts are needed to increase the heat
stability of OPV.

Both TPV and OPV induce humoral antibodies that circulate in
the blood and protect the central nervous system from subsequent
invasion by wild virus. The immunity induced by IPV, however, has
little effect on intestinal infection and carriage of virus, and thus IFV
recipients remain potential vehicles for spread of wild virus to
susceptible persons with whom they come in contact.
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In contrast, OPV infects, multiplies, and thus immunizes in a
manner that parallels natural infection. OPV induces not only long-
lasting [gG antibodies in the blood but also secretory IgA antibodies
in the pharynx and intestine, which then become resistant to infec-
tion by wild virus.

The live attenuated polioviruses, especially type 3, mutaie to
some degree during their multiplication in vaccinated children, but
not to full neurovirulence, and only extremely rare cases of paralytic
poliomyelitis have occurred in recipients or their close contacts.
The risks of paralytic polio associated with reversion of OPV are
exceedingly small. Based on several large studies, including a 10-year
study conducted by WHO, it is estimated that one case of vaccine-
associated paralysis has occurred for every 2 to 4 million doses of
trivalent OFV distributed.

In developing countries, the primary immunization schedule
should begin early and be completed early in infancy. The immuni-
zation schedule recommended by the WHO Expanded Programme
on Immunization (EPI) is a series of three doses of OPV. These
should be administered at 6, 10, and 14 weeks of age, or as soon as
possible thereafter. Intervals greater than 4 weeks between doses
do not require restarting the series.

Where children are born in hospitals (or other maternity institu-
tions) or where children come in contact with health services early
in life, these opportunities should be used to administer an extra
dose of OPV. This is called “OPV Zero”, rather than “OPV1”, to
show that it does not replace a dose from the regular OPV series.
Although the serological response to OPV in the first week of life is
less than observed with immunization of older infants, more than 70%
of neonates benefit by developing local immunity in the intestinal
tract. In addition, 30% to 50% of neonates develop serum antibodies
to one or more poliovirus types. Many of the remaining infants
become immunologically primed and respond promptly to additional
doses later in life. A dose of QPV at birth is particularly important in
cities, in other areas with high population density, and where cases
occur in the first year of life. In large cities in many parts of the
world 40% to 50% of polio cases occur in the first year of life. This
illustrates the need to complete the series of polio immunizations as
early in life as possible.

In some, but not all, developing countries children have demon-
sirated a lower-than-expected serological response to three or more
doses of OPV, possibly because of difficulties in maintaining the
cold chain during transit to target areas, interference with vaccine
‘take’ by the presence of other enteroviruses, or interference by
nonspecific inhibitors in the gut. The EPI is currently sponsoring
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several large clinical trials to examine whether a different ratio of
the three types of attenuated poliovirus in trivalent OPV could
improve the serological response. In one developing country a
combined regimen of IPV and OPV seems to have been successful
in overriding the factors interfering with the serclogical response
(by use of IPV) and in increasing intestinal immunity (by use of
OFYV). EPI-sponsored studies are being initiated in several other de-
veloping countries to examine the response of children to combined
or simultaneous regimens of IPV and QFPV, :

Further details on the topics covered in this chapter, plus exten-
sive literature citations, may be found elsewhere 2
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2, |
USE OF THE MANUAL: APPROPRIATE INVESTIGATIONS

BASED ON A COUNTRY’S STAGE OF POLIO ERADICATION;
LABORATORY NETWORK

2.1
STAGES OF POLIO ERADICATION

A Plan of Action for the Global Eradication of Poliomyelitis by the
Year 2000 was drafted in 1988 and endorsed by the World Health
Asserbly in 19895 For planning purposes the Plan identifies four
stages of polio eradication:

* Countries/areas in STAGE A are considered to be polio-free.
They have a reliable reporting system, have reported no indige-
nous cases of poliomyelitis for at least the previous three years
and have immunization coverage rates with a protective course of
polio vaccine among children reaching their first birthday of at
least 80%.

* Countries/areas in STAGE B have fewer than 10 cases of polio-
myelitis reported per year and have immunization coverage rates
exceeding 50%.

* Countries/areas in STAGE C report 10 or more casges of polio-
myelitis per year and have immunization coverage rates exceed-
ing 50%.

* Countries/areas in STAGE D have 10 or more cases of poliomye-
litis reported per vear or the number unknown and/or immuniza-
tion coverage rates of 50% or less or unknown.

At the end of 1989, most (62%) of the world's population were
living in areas considered to be in stage C; 26% of the world's popu-
lation were living in areas considered to be in stage A or B, while
12% were living in areas considered to be in stage D (Figure }).

The Global Plan of Action identifies activities needed with 're-
spect to immunization coverage, surveillance, outbreak invéstiga-
tion/control, laboratory services, vaccine quality control (including
the maintenance of an effective cold chain), training, social mobiliza-
tion, rehabilitation, and research and development. The relative
prigrity for each differs depending on the stage of eradication.
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FIGURE 1
GLOBAL DISTRIBUTION OF THE FOUR STAGES OF POLIO ERADICATION, DECEMBER, 1989

The Plan of Action has been used as the basis for the development
of a Manual for Immunization Programme Managers on Activities
Related to Poliomyelitis Evadication, which was issued in 1989.%
Policies outlined in that Manual are intended for adaptation to
national programmes, and are themselves continually evolving as
additional experience is gained.

2.2

GUIDE TO THE USE OF VIROLOGICAL TECHNIQUES DESCRIBED IN THIS
MANUAL

The use of the virological techniques described in this manual
can be related to a country’s stage of polio eradication. Brief guide-
lines ont which techniques are recommended for which stages
appeat below and in Figure 2.
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FIGURE 2

STAGES Of POLIO ERADICATION AND RECOMMENDED LABORATORY INVESTIGATIONS AT
EACH STAGE

Tests Level of Polic Eradication

STAGE A STAGE B STAGE C* STAGE D

Poliovirus isolation All cases All cases | A few cases | A few cases
Poliovirus identification Yes Yes Yes Yes
Poliovirus characterization Yes Yes Mo MNo
Other enterovirus isolation Yes Yes Mo MNo
Other enterovirus identification Yes Yes No Mo
Rapid serological assessment after OPV Yes Yes Yes Neo
Environmental sampling:

Sewage Yes Neo No Mo

Foeces of healthy individuals Opfional No No Mo
Serological surveys Optional Optional No Mo

*When <50 cases reported per year, extend poliovirus isolafion/identification tests to include all cases.

Isolation and identification of poliovirus (Chapter 4)

In areas where poliomyelitis is endemic or epidemic, i.e. countries
in stages C and D, the laboratory should concentrate entirely on the
polioviruses. To establish the poliovirus serotype circulating, only
faecal specimens from a small number of representative cases need
to be virologically investigated. Any viruses isolated should be
identified using only type-specific poliovirus antisera.

Where high levels of immunization coverage have greatly reduced
the number of poliomyelitis cases occurring annually in a country or
geographical area, i.e. stages A and B, virus isolation should be
attempted in every suspected case. All viruses isolated should be
identified using not only poliovirus antisera, but also those prepared
against most of the other enterovirus serotypes (Figure 3). In this
situation, distinction between paralysis due to poliovirus infection
and poliomyelitis-like illness due to infection by other enteroviruses
becomes significant, If the cases are associated with infection
by non-polic enteroviruses (NPEV), the serotype(s) must be identi-
fied otherwise these cases may mistakenly be interpreted as .
vaccine failures.
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FIGURE 3
ENTEROVIRUS SEROTYPES

Group Name Changes

i
Palioviruses 1-3 i
!
Coxsackieviruses A1-22, 24 Coxsackie A23 is Echovirus 9 |

Coxsackieviruses B1-6

Echoviruses 1-9, 11-27, 29-34 Echovirus 10 is Reovirus 1

Echovirus 28 is Rhinovirus TA

Echovirus 34 is a variant of  §
Coxsackie A24 :

Enteroviruses 68-72 Enterovirus 72 is Hepatitis A

Intratypic differentiation (Chapier 5)

For cotintries at stages A and B, it is not sufficient fo isolate polio-
virus and identify the poliovirus serotype responsible, Further
virological investigations involving intratypic differentiation of the
virus isolates must also be carried out to clarify their origin. The
presence of indigenous, imported or vaccine-derived poliovirus
strains has completely different implications from the epidemiologi-
cal point of view in respect of what action needs to be taken.

Environmental sampling (Chapter 4, Section 4.1.4)

Where poliomyelitis eradication has progressed successfully, and
no indigenous poliomyelitis cases due to wild poliovirus have been
detected for some years, it is nevertheless essential that constant
surveillance should continue. Environmental sampling for poliovirus
can be carried out either by attempted poliovirus isolations from
faecal samples taken from healthy individuals or from sewage
samples located at community sites. Because polioviruses of vaccine
origin circulate widely due to use of OPV, intratypic differentiation of
a sample of poliovirus isolates is essential in evaluating the situation.

Environmental sampling for poliovirus should also be intensified
if cases of poliomyelitis caused by wild poliovirus occur suddenly in
a country or geographic area that has been free from poliomyelitis
for many years. Under such conditions, the knowledge of the extent
of virus circulation is important in order to take appropriate measures.
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2.3

Serological tests for neutralizing antibodies (Chapter 6)

These tesls are no longer recommended for routine use in the diag-
nosis of poliomyelitis. There are several reasons for this decision, the
primary one heing that such tests have rarely been useful in clarify-
ing questionable virus diagnoses. Interpreting serum antibody titres
has hecome difficult now that poliovirus immunization is widespread.
Moreover current neutralizing antibody methods do not differentiate
between antibodies against wild and vaccine virus strains.

The neutralizing antibody test is a useful method to assess the
presence of protective levels of antibody. EPI has developed a
method for the rapid serological assessment of the response of infants
to 3—4 doses of OPV given in the recommended schedule. Detailed
instructions appear in Annex 1. Less-than-optimal responses to OPV
have been reported in some tropical countries and so it is important
to document the global picture in the 1990s using standard methods
(Annex 1). Such assessments are recommended for countries at
stages A, B, and C. f

Countries at stages A and B may wish to conduct more extensive
serological surveys of different segments of the population. Neutraliz-
ing antibody surveys carried out using sera collected from healthy
individuals in a number proportionate to the total population by age
groups and geographical area, can reflect the immune status of the
population. This type of study is important at advanced stages of
eradication to detect potential gaps in immunity of the population in
the absence of clinical cases of poliomyelitis.

LABORATORIES AND THEIR FUNCTIONS

The coruplexity of the virological investigation of cases of polio-
myelitis and of poliovirus surveillance depends on the laboratory
facilities and expertise available. Laboratories functioning at various
levels are envisaged.”

National laborataries

The main tasks of these laboratories are confirmation of clinical
cases of poliomyelitis by the isolation and identification of virus from
patients. These laboratories will also be responsible for the isolation
and identification of polioviruses and for antibody surveys arising
from epidemiological investigations. In those national laboratories
with appropriate facilities, poliovirus isolates may also be character-
ized as wild or vaccine-derived using a panel of centrally supplied
monoclonal antibodies.




14 WHOQ/EPI/CDE/POLIQ/P0.1

Reference lohoratories

Not all countries will have available national poliovirus diagnostic
laboratories. Suitable laboratories in oth=r countries will be invited
to provide the necessary support and these arc described as “refer-
ence laboratories”. They may be responsible for all the necessary
work from a given country, and for certain of the more complex
tests, including intratypic differentiation of poliovirus isolates.
Reference laboratories may also take part in training programmes.
Though most of the reference laboratories are expected to be in the
same part of the world as the countries they serve, there may be
instances in which, for example, laboratories in Europe may function
as reference laboratories for countries in Africa or Asia.

Reference laboratories with specialized functions

A small number of reference laboratories will be identified to
perform one or more specialized functions iz liex of or in addition to
those described above. One function will be to provide definttive
identification of virus isolates, using monoclonal antibody panels
and/or cDNA probes to differentiate wild and vaccine strains and to
determine the origins of wild strains. Other responasibilities might
include: (1) obtaining and distributing relevant standard reagents
and reference materials, (2) acting as sources for the development
and use of training materials, (3) obtaining and distributing panels
of unknowns to other designated laboratories, and (4) serving as
participants in collaborative studies to assess proposed standards
and reference materials and 1o answer specific research questions.
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3.
COLLECTION, STORAGE AND SHIPMENT OF SPECIMENS'

Effective diagnostic virology depends upon the correct collection
and timing of clinical specimens and their proper transport to the
laboratory under optimal conditions. A typical process of collection
and transport of specimens from laboratory to laboratory is illustrated
in Figure 4.

FIGURE 4
TYPICAL SPECIMEN COLD CHAIN SYSTEM

. . e e 0
S Visit to case i
Health Centre/Local Hospital v S ‘ L
identifies suspected case: . | National epidemiologist classifies as
Motities National Surveillance Centre | | | probable case or discard.
with name/address of case B | If probable case:
P 1. allocate EPld number
Visit by national polio epidemiclogist | |F' 2. iniiate case investigation form
with kit ' | 3. initiate cose laboratory report form
(to accomparny all samples related -

to this case)

. National Surveillance Centre’ ' - = Collect faecal specimen
— - National Laboratory e I gy
Receive, unpack, register Collect second faecal specimen
faecal specimens 48 hours after ﬁrs_f
- {opplies only to countries at
b el .| Stages A or B of polio eradication) -
Store in dedicated refrigeratorat § - O T
0°C to 8°C |
S — - —
.- ..~ Reference Laborato i
Process the foeces A Y i
— T — Receive, unpack, register
?o?dycf virus. |0 Dispatch faeces |11 1| Siore ot 0°C to 8°C fshort term)
isolationand | T ot at =20°C {long term)
identification | . Dispatch . . -
tests T isolates E e e | ik
T T | Confirm virus isolation and identity of
the isolates. i more definitive
ot Report characterization required or results of

these confirmed, dispatch to
specialized laboratory
Store in dedicated —20°C freezer
{long term} '

Specialized Reference Labordtory

Receipt, registration and analysis by
monoclonal antibodies and/or by
c-DNA probes

A
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3.1
COLLECTION OF SPECIMENS

For non-hospitalized patients, obtain faeces,
For hospitalized patients, the following samples should be collected:
s flaccid paralysis: faeces, throat swabs

* meningo-encephalitis: faeces, throal swabs, and
cerebrospinal fluid

= fatalities: necropsy specimens (tissues from brain stem,
spinal cord, descending colon) and serum

3.1.1
Specimens for virus isolation

Because polioviruses multiply in the intestinal tract for several
weeks after infection, samples of faeces are those most suitable for
virus isolation. Throat swabs are less useful since polioviruses are
present in the oropharynx for only 7-10 days after onset of illness.
Paradoxically, despite the neurotropism of polioviruses, they are
rarely detected in cerebrospinal fluid (CSF); however other entero-
viruses can be isolated from this site with relative eage. All specimens
for virus isolation studies should be collected as soon as possible
after onset of illness. In fatal cases, necropsy specimens must be
taken within hours of death.

All specimens for virus isolation must be taken with care to
exclude contamination from other types of specimens or material
from other patients.

Faeces

Samples of faeces should be collected as soon as possible (prefera-
bly within seven days) after the onset of illness. Since virus shedding
may be intermittent, the isolation rate can be increased by collecting
two samples 2448 hours apart. In countries at stage C and stage D
of polio eradication (Figure 2) virus diagnoesis should be concen-
trated on a single sample of faeces. A faecal sample about the size of
an adult thumbnail (i.e. 4-8 g) is desirable. This should be placed in
a dry, clean, leakproof container; standardized plastic containers
with a spoon are preferable. In the absence of such containers, clean,
dry plastic ointment/medicinal boxes can be used.

If faeces cannot readily be obtained, as may be the case with out-
patients or those diagnosed under field conditions, rectal straw
samples provide an alternative method for obtaining faeces.
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Faecal specimens obtained by rectol straw

Rectal straws are plastic tubes made and packaged to EPI/WHO
specifications; these and a list of suppliers are available from
EPI/WHO, Geneva. The straw is inserted gently into the rectum
and with slight movement, an appropriate amount of faeces is usually
obtainable. After removal, place the straw in a securely sealed hottle
or protective tube,

Throot swobs

A sterile wooden-shafted swab is rubbed gently across the tonsils
and posterior wall of the pharynx. The swab shaft is then broken
into a screw-capped vial/bottle containing VIM (see Annex 2).

Note that poliovirus is present in the oropharynx for 7-10 days after
onset of illness and it is reasonable to obtain throat swabs only
during this period.

Cerebrospinal fluid (CSF)

2-3 ml of C5F is transferred directly into a sterile screw-capped
vial/bottle (without the addition of VIM).

Necropsy specimens

In fatal cases, samples from the central nervous system, (especially
from cervical and lumbar cord, medulla and pons) as well as from
the descending colon, are desirable. The specimens should be taken
as soon after death as possible, The samples should be excised
using separate sets of sterile instruments and placed in separate
sterile plastic or glass containers with sufficient VIM present to keep
the specimens moist. The size of the CNS samples should be about
1 cm?; from the colon, take a segment approximately 3-5 cm long
whlch contains faecal material.

3.1.2
Specimens of blood for serological studies

The serological diagnosis of poliovirus infection in patients with
poliomyelitis is no longer routinely recommended due to difficulties
in interpreting the tests, particularly in the light of high coverage
rates with polio vaccine.

For serological surveys, only one sample is required from
each selected person; the optimal amount is 5-10 ml of blood. If
venepuncture is not feasible, an amount sufficient for most important
serological tests can be obtained by the finger-prick method; this
yields 0.3-0.4 ml of blood which can be collected aseptically into a
small stoppered or screw-capped vial/bottle using a pipette. For
infants, a heel-stick may also be used.
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All blood samples should be placed in sterile containers free of
anficoagulants or preservatives. The blood is allowed to clol at room
temperature for 2 hours or, if this is not practicable, the sample is
refrigerated (approximately 0°C to 8°C) as soon as possible after
collection and the serum removed within the following 24 hours.
Serum is separated by low-speed centrifugation (500 g* for 5 minutes)
and transferred to a sterile vial using a sterile disposable pipette. If a
centrifuge is not available, or large numbers of samples await proc-
esslng, centrifugation can be omitted by careful removal of the
serum after retraction of the clot; avoid mixing red blood cells with
the serum as these haemolyze during storage and may interfere
with subsequent serological tests.

Filter paper discs

Blood samples of less than 0.3 ml volume can be collected by
impregnating filter paper discs. These discs are first callibrated to
absorb 0.025 ml of blood and sterilized by autoclaving at 10 PSI for
15 minutes. All subsequent manipulations smust be carried oul using
sterile technique, instruments and containers, since polio neutralizing
antibody studies are performed in cell cultures. Collect a total of
(.1 ml of blood (i.e. 4 discs x 0.025 m) and place ecither (a) each disc
immediately into a clearly labelled bottle/tube containing 0.7 ml
maintenance medium (see Annex 2). Keep samples at 0°C to 8°C
until arrival at the laboratory; store at -20°C until ready for testing.
Alternatively, (b) place the discs with blood into a clearly labelled
dry container, leave overnight to dry and store at —20°C until ready
to test; elution is carried out by adding 0.7 ml of sterile PBS (see
Annex 2) and incubating overnight at 0°C to 8°C. Both methods
give a dilution of 1/8 which is the starting dilution of the micro-
neutralization test.

3.1.3

Labelling of specimens

Specimens taken from a suspected case of polio are identified
nationally and internationally by a standard case investigation
number known as the EFId number. This identification number is
used as a commeon reference to the case by all laboratories.

The EPId number can immediately be established in any country
beginning to collect specimens for analysis by the senior epidemiolo-
gist in charge of this activity who will keep a single national register
of case investigations. An EPId number will be issued by the ¢pide-
miologist (or by a trained designate) to each new investigation of a
suspected case of polio (see Figure 5).

* g = Relative Centrifugal Force; to convert to RPM use the following formula;
2={11.7% 10-7T )RN 2where:
R = radius in nim from centrifuge spindle to extreme point on the tube.
N = gpeed of centrifuge spindle in RPM.
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*THREE LETTER COUNTRY CODES

FIGURE 5

EPld NUMBER: A WORLD-WIDE SYSTEM FOR IDENTIFICATION
OF PATIENTS WITH SUSPECTED POLIOMYELITIS

WHO/EPI/CDS/POLO/90. 1
... |

3-letter® Year of Onset Suspected Polio Patient
Country Code of Paralysis Number for that Year
col 90 008

Africa The Americas Ecstarn Europe South-East Asia | Western Pacific
Mediterranean
Counlry Code | Country Code | Country Code | Country Coda | Country Code | Country Code
Algerio ALG | Anguilla AMNU | Alghanistan  AFG | Albania ALE | Bangladesh  BAMN | American
Angola ANG | Antigua and Bahrain BAA | Austria AUT | Bhuton BHU | Samed AMS
Benin BEMN | Borbuda AMI | Cyprus CYP | Belgium BEL | Myanmar  MMR | Australia ALS
Botswana BOT | Argenting ARG | Djibouti DIl | Bulgaria BUL | Democratic Beloy . BLA
Burkina Fase  BFA | Bahamas BAH | Egypt EGY | Byslorussion People’s Brunei
Burundi BUU { Barbodos BAR | Iran, lslamic Soviet Socialist Republic of Darussaleam  BRU
Cameroon  CAE ! Belize BLZ | Republic of IRA | Republic BYE | Kerea KRD |} Ching CHN
Cape Verde CAV | Beemuda BER | lrag RQ | Czechoslovakia CZE | India IND § Cook slands ~ COK
Central African Bolivia BOL | Jordan JOR | Denmark DEM | ladonesia  INO | Demetratic
Republic ~ CAF | Brazil BRA | Kuwait KUW | Finland AN | Maldives  MAV | Kampuches KAM
Chad CHA | British Virgin lslands VIB | Lebanon LEB | France FRA | Mongelia MOG [Fiji FiJ
Comores  COM | Canada CAN | Libyan Arab German MNepal NEFP | French Polynesia FRP
Congo CNG | Caymon lslands ~ CAY | Jomohiriya LY | Democratic Sri Lanka SRL | Guam GUM
Equatorich Chile CHI | Moracco MOR | Republic DDR | Thailand THA {Heng Keng  HOK
Guinea EQG | Colombia COL | Oman OMA | Germay, Japan: JPN
Ethiopia ETH | Costa Rica COR | Pakistan PAK | Federal Kiribat KIR
Gobon GAB | Cuba CUB | Qatar QAT | Rapublic DEU Lao People’s
Gambie GAM | Dominica DOM | Republic of Greece GRE Demecratic
Ghona GHA | Dominican Republic DOR | Yemen Hungary HUM Republic LAC
Guinea GUI | Ecuadeor ECU | Saudi Arabia SAA | leeland ICE Maeag MAC
Guinea-Bissou GUB | El Saivodor ELS | Somalia SOM | Ireland - IRE Malaysia MAA
vory Const VO | French Guiana FRG | Sudan SUD | lsrael ISRk Marshall lslands M3
Kenya KEM | Grenada GRA | Syrian Arab ltaly ITA Micronesio MIC
tesotho LES | Guadeloupe GUA | Republic  SYR | Luxembourg LUX MNew Caledania NEC
Liberia LB | Guatemala GUT | Tunisia TUN | Malta MAT New Zealsnd MNEZ
Madagascar MAD | Guyana GUY | United Arab Manaco MO Miive NI
Molawi MAL | Haiti HAl [ Emirgtes  UAE | Metherlonds  MET Northern Mariana
Mati MAL | Honduras HOM Merway NOR Islands MM
Mauritania  MAU | Jamaica JAM Poland POIL Papua Mew
Mauritius MAS | Martinique MAR Portugal POR Guineo PG
Mozambique MOZ | Mexico MEX Remania ROM Philippines PHL
Namibia MNAM | Maontserrat MOT San Marine  SMR Republic of
Niger NG | Metherlands Spain SPA Korea KOR
Migeria MNIE | Antilles MNEA Swedan SWE Samoa SMA
Réunien REU | Micaragua NIC Switzerland Swi Singapore SN
Rwanda RWA | Pangma PAN Turkey TUR Seciallst Republic
5t Helena SAH | Paroguay PAR Ukrainian Saoviet of Vietnam VTN
Sao Tomé and Peru PER Secialist Solomon lslands SOL
Principe 5TP | Puerts Rica PUR Republic KR Takelau TOK
Senegal SEM | St Christopher and Union of Soviet Tanga TOM
Seychefles SEY | Mevis SCH Socialist Tuvalu UV
Sierra leone  SIL | 5t Lucia SAL Republics 55R Vanuatu VAN
South Africo SOA | 5t Vincent SAV United Kingdom Wallis and
Swaoziland  SWZ | Suriname SUR of Great Britain Futyna WAF
Toga TOG | Trinidad and Tobage TRT and Marthern
Uganda UGA | Turks and Caicos Ir&land UNK
United Republic Islands TCA Yugoslavia YUG
of Tanzania TAM | United States of
Zaire ZAl 1 America USA
Zambia ZAM | Uruguay URU
Zimbabwe  ZIM | Venezuela VEN
Viegin Islands
(United States) VLIS
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An example of a specimen label, incorporating the EPId number,
which should always appear prominently in non-water soluble ink at
the top of the label, is illustrated in Figure 6.

FIGURE &
EXAMPLE OF A SPECIMEN LABEL

EPld MNo.
Patient Name

Date Specimen collected A
day mo yr

Laboratory 1

Laboratory 2 \ .V

laboratory 3

Loboratories must not obscure the data given on the top part of the form; use the relevant space on the
lower half of the form for recording individual laboratory numbers, dates, efe.

3.1.4
Laboratory report form

A case investigation form is initiated for cach suspected case
of polio investigated; this is held by the national epidemiologist
responsible for polio eradication activities.® Some of the information
from the case investigation form is transferred to the laboratory ‘
report form (Figure 7). The laboratory report form accompanies all
specimens/isolates relating to a single case from time of collection
through all stages of virological analysis until completion.
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FIGURE /7

EXPANDED PROGRAMME ON IMMUNIZATION -~ GLOBAL POLIO ERADICATION
LABORATORY REPORT FORM ON SPECIMEN ANALYSIS

@

Patient Mame:

EPld Number:

Country: State/Region:

Clinical Diagnesis:
Date of onset:  da /ma__ [yr
Poliovaceine History:

Specimen type:
Date collected: da /mo /yr

Date sent; do /mo__ fyr

Town/District:

Date of last OPY dose: do /me__ fyr

From patient/Contact No.:

See reverse for name/address of investigator.

Laboratory & National

MName of laboratory:
Date specimen received: do___ /mo__ /yr
Specimen type:

lsolute(s} sent to Reference Laboratory:

Original specimen sent to Reference Laboratory:

Comments:

0 Reference 0 Specialized

Saa raverse for address.
Temperature monitor index on receipt: D
Virus isolation:

Date sent: da___ /mo__ /fyr

Date sent: da_ /me_ Jyr
Date reported:  da_ /mo__ /Jyr

Loboratory 2 Q National
Nome of laboratory:
Date specimen/isolate(s)

received: da___ /mo___Jfyr

Virys identification:
i isolate{s) sent to Specialized Laborotory:

3 Reference Q Specialized

See reverse for address.

Temperature monitor index on receipt: D

Date sent: do_ /mo__ /[yr

Comments: Date reported:  da___/mo___/yr
Laboratory 3 3 National 2 Reference Q Specialized
Name of laboratory: Sea reverse for address.

Date isolate(s) received: da__ /mo_ /yr

Virus identification:

Comments:

Temperature menitor index on receipt: D
Virus characterization:

Date reported:  da___ /mo___ /Jyr
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3.2
STORAGE AND SHIPMENT OF SPECIMENS

3.2,1
Temperature considerations

The quantity of virus or antibody in original clinical samples or in
virologically processed specimens can decline during storage and
shipment. This can seriously affect the virus diagnostic result. There-
fore, special care musl be taken before and during transit of materials
to the laboratory to protect them from heating and desiccation.

[ - Specimens should not be repeatedly frozen and thawed.
Specimens should be frozen only when it is certain that at
all future stages of transport and storage a maximum
temperature of =20°C can be assured. This is not usually
the case in the national specimen cold chain. For this
reason it is recommended that specimens are transported
and kept refrigerated at temperatures of 0°C to 8°C.

Shipping materials

The materials and equipment used to cool polio specimens can
hecome contaminated with the virus. It is therefore recommended
that materials which are used to transport specimens are either
destroved or sterilized after each use and that polio specimens do
not share space in refrigeration equipment with vaccines.

In order to ensure that specimens remain cold during the various
atages of transport and shipment to the laboratory and between
laboratories, icepacks or dry-ice and heavily insulated containers are
required. To minimize weight and bulk and to prolong the cold life
of this packaging, the volume occupied by specimens should be
minimized.

The set of specimen containers relating to a single case investiga-
tion should be placed in a single box or plastic bag (with an effective
seal) just large enough to hold the containers and enough absorbent
material to ensure that, if all the containers should leak, any liquid is
absorbed. The laboratory report form should be sealed within a
separate plastic bag and wrapped around or attached firmly to the
box of specimens.

It is recommended that, where practicable, a single set of speci-
mens for one case investigation is packed in a single insulated carton
or carrier for transport to the laboratory. The EPI uses vaccine carriers
and plastic bottles known as icepacks which can be allocated for this
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purpose.® However, once used for specimen collection, they should
never again be used for vaccine transport. Examples of suitable carriers
illustrated in Figure 8 have a maximum internal capacity of about 1.5
litres, excluding the volume required for icepacks. When the box or
bag of specimens has been placed inside a vaccine carrier, the
maximum number of frozen icepacks which can be fitted around the
specimens should be inserted. No less than four icepacks should be
used to transport specimens in a vaccine carrier and these should be
arranged to surround the specimens. Specimens can be kept at least
36 hours, even in high external temperatures of 43°C in this way.

EXAMPLES OF VACCINE CARRIERS AND ICEPACKS USED iN THE EPI

Provided these specimen carriers and icepacks are not visibly
contaminated with faecal material they can be reused after thorough
washing in water and/or hypochlorite solution.

Since the virus content of specimens deteriorates when partiatly
frozen, pack specimen carriers with icepacks where the ‘frost is no
longer visible on their surfaces.

If vaccine carriers or other specially made materials are not avail-
able, it will be necessary to make up an insulated container from
locally available materials, The main features of this packaging and a
guide to the selection of these materials follow (Figures 9 and 10).
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FIGURE ¢
IMPROVISING SHIFPFING MATERIALS FOR SPECIMENS
D A
N
M h
e e >
| >\
\
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f
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93

INFECTIONS SUBSTANCGE

TN CASE W RARAGE N EEARNEE
IMMERATRY T
L BENL T

a) 3060 ml foeces container with external
screw cop

b) sealed polyethylene bag to hold feeces containers

¢) sealed polyethylene bay to hold report form

d} absorbent material (cotton wool absorbs 8=10 times its own weight) .’
e} icepacks obtainable from national EPI

f) high density {30-35 kgs/m?) polystyrene {small bubbles and firm when
squeezed)

g) infectious substance label

h) outer carton of double-ply corrugated cardboard or plastic
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FIGURE 10

MATERIALS FOR SHIPPING SPECIMENS AT 0°C TO 8°C OR
FROZEN

Journey Time

Materials Less than Two to
24 hours | three days
1. Maximum volume of packed
specimens 0.5t 0.5 Its
2. Minimum thickness of insulation
— low density polystyrene 40 mm 110 mm
- high density polystyrene 30 mm 70-mm
- high density polyurethane 25 mm 50 mm
3. Minimum weight of icepacks 0.8 kgs 2:kgs
{transport at Q°C to 8°C) '
OR
Minimum weight of dry ice 1.5 kgs 4kgs
{transport frozen; use slabs if possible)

Insvlation

Polystyrene foam: is usually white and is made in a variety of den-
gities. The low density foam is generally used for packing materials,
has large hubbles and is easily dented with the finger. Low density
polystyrene has a poorer insulation performance than high density
polystyrene (30-35 kgs/m?®) which is also white but which has small
bubbles and is harder to dent.

FPolyurethane foam: is a yellowish colour and should be rigid to
touch. (Soft polyurethane foams found in cushions and mattresses are
not suitable for insulating packages for specimen shipment). Rigid
polyurethane is also made in different densities and the higher densi-
ties with the smallest bubbles are the best insulators. Polyurethane
i5 the best insulation which you are likely to find locally and is often
used to ship perishables. .

Whichever material you use, the insulation should form a box
around the icepacks which themselves surround the specimen
samples. All joints between the walls and the lids of this box must be
well sealed. Good sealing can be achieved by pressing the walls and
lid together firmly within a strong cardboard box and by sealing the
joints with tape so that no air can pass from the outside to the inside
of the box. If air can pass, the cold life of the box will be dramatically
shortened, particularly when the outside temperature is high.
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lcepacks

Icepacks are water/ice-filled flat plastic bottles with a seal in the
lid to prevent them from leaking when the contents mell. They can
usually be obtained from the national EFI but they should NEVER
he used again for cooling vaccines after they have been uscd to
transport specimens to the laboratory. If flat boitles cannot be found,
any well-sealed plastic bottle can be used if, by experiment, it can
survive freezing and thawing without cracking. Used icepacks
should be thoroughly washed down in water or in hypochlorite
solution after use and hefore freezing.

Dry-ice

Dry-ice should only be used to cool specimens when it 15
certain that at afl future stages of transport and storage a
maximum temperature of —20°C can be assured. This is not
usually the case in the national specimen cold chain; the
transport of specimens in the frozen stafe will usually apply to
reference and specialized laboratories (see Figure 10 for
details). ‘

3.2.3
Airfreight Shipment

If the specimens are to be shipped airfreight, correct labelling
and dispatch procedures will be essential to ensure safe and timely
arrival of the specimens at the laboratory.#* A list of the most
important considerations follows:

*+ {(Choose the most direct route.
* Plan arrival to avoid weekends and holidays.

+ Give advance warning one week ahead by telexing the laboratory
the following information:

number of specimens

estimated number of cartons and weight
flight and arrival date/time

airwaybill number

- “PLEASE TELEX IF NOT RECEIVED”

¢ Mark the airwaybill with the following information:

- name, address, telephone/telex of consignee
-~ number of specimens
- “HIGHLY PERISHABLE”

- “TELEFHONE CONSIGNEE UPON ARRIVAL"
(repeat telephone number)




27 -5 WRO/EPL/CDS/POLIO/90.1
- " ——

* Airwayhill handling information:

— “URGENT: DO NOT DELAY: Biological specimens — highly
perishable - stove at 0°C to 8°C.”

= Mail a copy of the airwaybill to the laboratory at the time of
shipping.

* Label the package clearly with:
— an infectious substance warning label (Figure 11)
- name/address/telephone/telex of consignee

FHGURE 11
EXAMPLE OF AN INFECTIOUS SUBSTANCE WARNING LABEL APPROVED BY WHO AND IATA

WHITE
BACKGROUND

BLAGK SYMBOL
AND LETTERING

\]/
INFECTIOUS SUBSTANCE

IN GASE OF DAMAGE OR LEAKAGE
IMMEDIATELY NOTIFY
PUBLIC HEALTH

RUTHORITY

6.2

EXACT DIVIENSIONS =
10cmX 10 cm




MANUAL. FOR THE VIROLOGICAL. INVESTIGATION OF POLIOMYELITIS
WHO/EFP1/CDS/POLIO/90. 1

Corrigendum, July 1990

Pape 29, Section 4.1.1 Isolation of Polieviruses, Specimen Preparation,
Faeces and xectal straw samples,

It is recommended that al}l faeces and rectal straw samples are treated with

chloroform. The chloroform treatment of specimens is described on page 31.

This procedure should be done after step 2, page 29 (shaking) and prior to
a3

step 3, page 29 (centrifuging).

IMPORTANT: The centrifuge tube should be resistant toe chloroform,
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4.
ISOLATION AND IDENTIFICATION OF POLIOVIRUSES

4.1
ISOLATION OF POLIOVIRUSES

It is essential that all clinical specimens or other materials for
laboratory investigations be allocated a specific identification num-
ber (see 3.1.3) which is entered in the laboratory “day book™, on the
cormer of the accompanying report form and on the specimen con-
tainer.

Most specimens require pretreatment before inoculation to
remove gross debris and bacteria/fungi which might interfere with
virus isolation atternpts.

Since most virus laboratories are liable to receive many specimens
from various sources within the working day it is essential that great
care 1% taken in handling the specimens, not only for the protection
of the investigator but also to avoid viral cross-contamination between
specimens which could result in false-positive findings. Careful
labelling of all containers, centrifuge tubes and vials throughout all
the procedures listed below is paramount.

4.1.1
Specimen preparation

Faeces and rectal straw samples

1. Using a hard-wall screw-capped centrifuge tube, prepare a 20%
suspension of faecal sample in “complete” PBS (see Annex 2)
containing 200 units penicillin and 200 pg streptomycin (or other

- available antibiotics). Retain a small portion of untreated, original
sample at ~20°C for possible future transfer to a specialized
reference laboratory.

Lo

Secure tightly and homogenize the suspension by shaking vigor-
ously by hand or on a mechanical shaker for a standard period.

3. Centrifuge at 500 g for 20 minutes at 0°C to 8°C or at room
temperature.

4. Remove the supernate carefully and transfer to a fresh clean cen-
trifuge tube and spin again at 500 g for 20 minutes. Again remove
the supernate carefully and add extra antibiotic solution to give a
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final concentration of 1000 units of penicillin and 200 pg of strepto-
mycin. Divide the supernate equally into 4 appropriately labelled
screw-capped vials: 2 for virus isolation tests and 2 remain
unopened in case equivocal results are obtained or transfer of
original extracts to apecialized laboratories is required; store
vials at -20°C.

Throat swabs in VIM

1. Shake the tube/bottle containing the swab thoroughly by hand
or on a mechanical mixer.

2. Using sterile forceps, press the swab firmly against the wall of
the tube/bottle to squeeze out the fluid from the swab, then
discard the swab.

3. Transfer fluid to 2 labelled vials. Add extra antibiotics (100 units
penicillin, 100 pg streptomycin); store at —20°C.

Cerebrospinal flvid (C5F)

CSF specimens are inoculated into cell cultures without prior
treatment: store at —20°C or below.

Necropsy samples
A. CNS tissue (brain, medulla, spinal cord) in VIM

1. Prepare a 10% extract of each tissue in complete PBS contain-
ing 200 units penicillin and 200 pg streptomycin.

2. Homogenize in a TenBroeck grinder or if this is unavailable,
use a pestle and mortar and sterile sand.

3. Transfer fluid to a hard-wall screw-capped centrifuge tube and
centrifuge at 500 g for 10 minutes.

4. Carefully transfer the supernate to labelled vials; store at
-20°C or at —70°C where possible.

B. Colon with contents in VIM

1. Remove colon from VIM and transfer to a petri dish; cut open
colon and scrape off sufficient contents to prepare a 20%
extract as described for faeces.

2. Transfer harvested supernate into 4 Jabelled vials and store at
=20°C.
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Chloroform treatment of specimens

Some specimens, particularly faecal and necropsy samples, even
after processing, still contain bacteria and/or fungi which multiply
in the inoculated cell cultures rendering the assessment of virus
growth impossible. Since enteroviruses are chloroformresistant,
this problem is readily solved by mixing the contenis of the vials
(previously stored) with one tenth their volume of chloroform and
shaking for 10 minutes. The mixtures are then centrifuged at: 500 g
for 15 minutes and the supernates transferred to appropriately
labelled fresh vials ready for inoculation of cultures or storage at
temperatures previously recommended.

4.1.2

Recommended cell lines for the isolation of
polioviruses

Although primary monkey kidney cell cultures are among the
most sensitive for the detection of small amounts of polioviruses,
they are often difficult to obtain on a regular weekly basis. Countries
far from the source of these cells experience the added probléem of
poor cell survival due to inevitable long delays during {ransit
Fortunately, polioviruses grow readily in a wide variety of hurman
continuous cell lines.

WHO recommends that all specimens suspected of
containing polioviruses should be inoculated into the
following two cell lines:

1. RD cells, derived from a human rhabdomyoesarcoma,
and

2. HEp-2 (Cincinnati) cells, derived from 2 human
epidermoid carcinoma.

The selection of only two cell lines for the laboratory
diagnosis of poliomyelitis permits the standardization of
techniques and the comparability of results among various
virus laboratories.

These two cell lines are particularly suitable, as both are highly
susceptible to polioviruses. The RD cell line has the added advan-
tage that it can also support the growth of other enteroviruses (e.g.
some Coxsackie group A viruses and many Echoviruses). If detec-
tion of a wide range of enteroviruses is considered important, i.e.
countries at stages A and B of polio eradication, other cell lines or
primary cultures, particularly of monkey kidney origin, may also be
included in the virus isolation regimen.
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It is important to monitor any alteration in the sensitivity of the
RD and HEp-2 (Cincinnati) cell lines to polioviruses by titrating ref-
erence poliovirus strains after every 8 to 10 cell passages.

The maintenance of the cell lines in the laboratory and their
preparation for virus isolation are described later in this manual
(Chapter 7).

4-. l .3
Poliovirus isolation

Procedure

1. Change recently monolayered, healthy (check microscopically)
tube cultures to 1 ml maintenance medium (see Annex 2).

2. Label tubes with patient’s laboratory number, year, cell
culture type, and passage number (e.g. 100/89/RD/1 and/or
100/89/HEp-2/1).

3. Inoculate a minimum of two culture tubes of each cell type with
0.2 ml of specimen extract and incubate in Lhe stationary sloped
(5°) position at 36°C. Include one uninoculated tube of cach cell
type as controls.

4. Examine cultures daily, using a standard microscope, for the
appearance of cytopathic effects (CPE) for at least 10-14 days
hefore discarding as negative. The CPE produced by all the
enteroviruses is characteristic of this group, i.e. rounding of cells
and detachment of cells from the culture tubes. Tubes showing
these morphological changes (or the culture fluids harvested
from these tubes) are stored at =20°C for further study.

Record all details concerning specimen (laboratory number,
dates of inoculation, passage, etc.) in a laboratory record book.

1f cell cultures show rapid degeneration within 1 or 2 days of inocu-
lation this may be due to nonspecific loxicity of the specimen.
These tubes should be frozen at —20° C, thawed and 0.2 ml volumes
passaged (i.e. now second passage) in cultures of the same cell
type. If toxic appearances recur, return to the original specimen
extract and dilute this in PBS at 1/10 and re-inoculate cultures as
described above.

5. Control cultures should maintain their healthy appearance.
However, if at the end of one week “ageing” of the cultures
becomes evident (this is common in cultures of continuous cell
lines), freeze the tubes at —20°C, thaw and passage 0.2 ml of
culture fluid to freshly monolayered tubes of the same cell type
and examine daily for a further 7 days. The lotal observation
period for virus isolation should be a minimum of 14 days; if
cultures show no CPE by this stage, the result is regarded as
negative.

e
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Some virologists use a virus isolation procedure which differs
from that described above. Instead of transferring specimen extract
directly into cultures containing maintenance medium, the cell
growth medium is decanted, the cell layer rinsed with PBS and the
specimen extract allowed to adsorb to the cell layer directly for 1
hour at room temperature before the addition of cell maintenance
medium. Studies have shown that using this latter method CPE may
be detected at least 1 day earlier. Against this benefit must be
weighed the possibility of viral (if not bacterial) cross-contamination
of tubes due to the extra opening/closing of cell cultures during this
procedure. Investigators are encouraged to use this latter technique
If Jaboratory space and facilities are good or where poliovirus-related
paralysis is sporadic or rare.

Since viral cross-contamination of cultures during inoculation,
medium changes and passage procedures is a hazard in any busy
virus diagnostic laboratory, the utmost care e.g. thorough flaming of
the necks of tubes before decanting medium or stoppering, must be
taken to minimize this. If there is reason to suspect this has occurred,
repeat the virus isolation procedure using the original specimen
extract. Repeat testing is also recommended for all epidemiologically
important cases, e.g. the index case in an outbreak or the raré case
following vaccination or contact with a vaccinee,

Normally poliovirus isolation studies are complete (including
serotype identification) within 2 weeks of receipt of specimen.
Where virus mixtures are detected, the results may not be available
for at least one month, '

4.1.4

Isolation of polioviruses from environmental
specimens

Circulation of polioviruses in a population can be monitored by
looking for the presence of the virus in the environment. This is
usually achieved by sampling sewage. The search for a source or
vehicle of an outhreak may also require examination of drinking and
bathing water for the presence of enteroviruses.

Preparation of environmental specimens for virclogical examina-
tion differs from that of clinical specimens in that concentration of
the sample is a necessary step. Several methods can be used for
this. The following procedure is technically relatively simple, does
not require expensive equipment, and can easily be performed by
any virological laboratory; it provides a 1004old concentration,
which is usually adequate for sewage specimens. Other methods
with greater concentration potential may be preferred for analyzing
samples of drinking/bathing water.,
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Collection of sewage specimens

A site chosen for sample collections should contain typical house-
hold sewage. Sewage which also contains industrial output may
have toxic compounds present which can compromise attempts 1o
isolate viruses from the sample. One litre of sewage fluid is taken
into a clean vessel and transported, preferably at 0°C to 8°C, to the
vinus laboratory.

Pre-treatment of sewage specimens for virus isolation: concentration by
two-phase method

1. Stock solutions:
A, 20% Dextran (MW 40,000) in distilled water (w/v).
B. 30% Polyethylene glycol (MW 6,000) in distilled water (w/v).

It is advisable to prepare both solutions A and B by slowly
mixing the pre-weighed amount of the dry material with part
of the water using a magnetic stirrer. When the powder has
dissolved, add the rest of the water. Both solutions may be
sterilized by autoclaving.

2. Mix 15 ml of solution A and 100 ml of solution B in an Erlen-
mever flask, add 12 ml of 5M NaC1 and fill with the specimen to
600 ml. (Any multiples of these volumes can also be used.)
Check pH; if below 7, adjust to pH 7-8 with 1IN NaOQH.

3. Agitate for one hour at room temperature (20°C 1o 25°C) in a
horizontal shaker (or use a magnetic stirrer). After agitaling, the
malerial should be allowed to settle for 5 minutes. Use only the
supernate as any coarse solid material in the sewage would
interfere with the phase separation step.

4, Transfer the mixture into a separation funnel; leave at 0°C to 8°C
for 20 hours.

5. Collect the small bottom phase (2-3 ml) and also separate a few
millilitres of the opaque interphase. Treat with chloroform as de-
scribed in Section 4.1.1, except that equal volumes of specimen
and chloroform should be used, and analyze the two samples for
cytopathogenic viruses.

Note that only half of the collected sewage specimen was used.
The rest should be kept at 0°C 10 8°C for possible reinvestigation.
Inoculation of sewage specimens into cell cultures

1. Use cells monolayered in 75 cm? disposable plastic flasks
(or corresponding glass bottles) rather than regular tubes, to
improve the sensitivity of the isolation attempts.
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2. Decant the growth medium, rinse the cell layer with PBS and
inoculate with 0.5 ml of the concentrated, chloroform-exiracted
sample.

3. After one hour adsorption at 36°C, remove the inoculum and
add 20 ml of maintenance medium. Removal of the inoculum is
important because sewage specimens are often toxic for
cell cultures,

4. Incubate at 36°C for 7-10 days and examine for CPE as described
for the tube cultures (see Section 4.1.3).

Since isolates from sewage often contain several enterovirus
serotypes (and viruses of other groups) identification procedures
are necessarily more complex (see Section 4.1.5 below). The use of
several human and monkey cell lines with different sensitivities to
polio and non-polio enteroviruses will improve the possibility of
finding polioviruses among other enteroviruses,

The Polymerase Chain Reaction (PCR) technique may soon
supercede these time-consuming cell culture methods for the detec-
tion of viruses in general and polioviruses in particular in sewage
and other environmental samples. Since PCR iz so exquisitely
sensitive, its use must necessarily be confined to those laboratories
with sophisticated virological facilities.

4.1.5

Isolation of polioviruses from specimens containing
other enteroviruses

Enteroviruses other than polioviruses may sometimes cause
paralytic disease. However, identification of non-polio enteroviruses
(NPEVs) in a specimen from a suspected case of poliomyelitis does
not exclude the possibility that the specimen also contains polio-
virus. Laboratory contamination may also produce apparent multiple
virus isolates.Various techniques are available to separate suspected
virus mixtures.

A. Plogue seporation

Most enteroviruses produce plaques in infected cell cultures
under agar. These plaques are more or less characteristic for par-
ticular enteroviruses, e.g. large round plaques of poliovirus type 1
and small irregular plaques of Echovirus type 1.

1. Prepare nutrient overlay medium, i.e. Eagle's maintenance
medium (Annex 2) incorporating 1.5% Bacto-Agar and 1/30,000
neutral red.

2. Drain growth medium from freshly monolayered hottle (120 cm?)
cultures of HEp-2 cells.
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3. Inoculate bottle with 0.1 ml to 0.5 ml of specimen extract and till
bottle to distribute inoculum evenly over the cell monolayer.

4. Incubate at 36°C for 1 hour to allow virus adsorbtion.

. Add approximately 10 m] pre-warmed nutrient agar overlay
medium to each bottle.

6. Invert bottle after agar has solidified and incubate at 36°C,
avoiding exposure to light since neutral red may induce
photosensitization.

b0}

7. Check bottles daily for appearance of plaques, recognizable as
colourless areas surrounded by viable cells stained with neutral
red. Using sterile Pasteur pipeltes carefully pick out single repre-
sentative plaques of various sizes (a fresh pipetle for each
plaque) and passage in tube cultures.

B. Re-isolation in the presence of antibodies to the identified virus

Usually if polioviruses are present in the patient’s specimen,
these will outgrow and mask the presence of any other usually
slower-growing enterovirus which may also be present. However,
the reverse may also occur. For example, Echovirus 9, another fast-
growing enterovirus, if identified in the specimen may conceal the
presence of poliovirus. To overcome this, use the following proce-
dure, illustrated below using an example where Echovirus 9 has been
isolated from the facces of a patient suspected to have poliomyelitis.

1. Mix 0.5 ml of original specimen extract (NOT the isolale material)
with an equal volume of Echovirus 9 antiserum containing at
least 50 neutralizing antibody units/0.1 ml {e.g. if the homotypic
antibody titre of Echovirus 9 antiserum is 1/1000, use at 1/20).

2. Incubdte specimen/antiserum mixture for 2 hours at 36°C.

3. Inoculate 2 tubes of RD cell culture with 0.2 ml of specimen/antise-
rum mixture.

4, Examine tubes daily for CPE and harvest positive tubes as
described above for primary isolation.

If the virus isolated is again identified as Echovirus 9, this indicates
that this virus was present in high titre in the original specimen
and the antiserum failed to neutralize all of the virus. Repeat
steps 1-4 using Echovirus 9 antiserum »50 units/0.1 ml; alterna-
tively repeat these steps using original specimen extract diluted
to 1/10 and 1/100 and mix with 50 units of Echovirus 9 antiserum.
If no further virus is isolated using this antibody-blocking proce-
dure, this indicates Echovirus 9 was the only virus present in the
original specimen. If enterovirus CPE is again detected, this
indicates that there is a mixture of enteroviruses present and
virus identification procedures should be instigated as described
in Section 4.2.

-{.ﬂ
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4.1.6
Titration of polioviruses

Previously it was customary to titrate all virus isolates before
their identification. Now, those viruses which produce rapid CPE on
passage (Le. within 2 days) are used at two arbitrarily selected
dilutions (e.g. 10-% and 10-%) for identification purposes, However, if
problems arise, or serum antibody levels are to be determined,
titration of virus must be carried out. For this, a series of 10-fold
dilutions of the isolate (or stock poliovirus) are made in virus dilu-
tion fluid. Thereafter the test procedure can be performed either by
microtechnique (using wells in microtitre plates) or by macro-
technique (using tube cultures). The titre (TCD,,) of the virus is
determined as the highest dilution giving CPE in 50 per cent of
inoculated cell cultures.

Microtechnique
1. Thaw virus preparation to be titrated.

2. Add 1.8 ml of virus diluent (i.e. Eagle’s maintenance medium,
see Annex 2) to each of a set of 8 sterile test tubes.

3. Add 0.2 ml of virus to the first tube (= 10-! dilution) using a
sterile graduated pipette. Take a fresh pipette, mix thoroughly
but avoid “frothing’ of fluid, as this disseminates virus into the
atmosphere.

4, Transfer 0.2 ml of 10-* dilution into the next tube and discard
pipette; take a fresh pipette and mix thoroughly. Continue until
all 8 serjal 10-fold steps have been completed.

Note: To avoid extra carry-over of virus on the outside of the
graduated pipette follow this maxim:

MIX — TRANSFER — DISCARD.

5. Add 0.05 ml of each virus dilution to a row of 4 wells in a
microtitre plate already containing 0.05 ml of maintenance
medium (see Figure 12). Use an automatic pipette with disposable
tips if available; transfer the most dilute virus first and the other
dilutions in order thereafter.

6. Add 2 x 0.05 ml] of maintenance medium to 4 wells which will act
as uninoculated cell controls (see Figure 12).

7. Add 0.1 ml of appropriate cell suspension (approximately
1-2 x 104 cells/0.1ml) in growth medium (see Annex 2) to all the
wells containing virus plus the cell control wells.
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8. SHeal wells with adhesive tape and incubate at 36°C for 3-5 days.
Fxamine the plates daily, using an inverted microscope, for the
appearance of CPE.

FIGURE 12

EXAMPLE OF TITRATION OF A POLIOVIRUS ISOLATE USING
MICROTECHNIQUE

| Virus Titration Cell Contrals
i 9 10 11 12
Virus dilutions -1 || A ‘V e
.2 B
3| C
-4 D
5| B
%[ Ff
71 G ".:
Y 8| Hf

. = CPE Q@& = na CPE O = unused wells

Interpretation of Results

Titre of poliovirus = 1042 {caleulated by the Karber formula)

Cell controls = normal growth

Wells 5-8 of Rows A-H may be used for the titration of o second virus

9. Calculate the virus titre by the Kirber formula;
log TCD, = L-d (5-0.5), where

L = log of lowest dilution used in the test

d = difference between log dilution steps

S = sum of proportion of ‘positive’ tests
(i.e. cultures showing CPE)
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Exomple (also see Figore 12);

Virus dilution Proportion of cultures infected

101 4/4=1

10-* 4/4=1

108 4/4=1

10+ 2/4=05

10-5 1/4=0.25

104 0/4=0

107 0/4=0

10 0/4=0

log TCD,, =L-d (5-0.5)
==1-1(3.75-0.5)
- -425

Note that the Karber formula gives a ‘negative log’ term; 1042
is the TCD_, endpoint dilution. The TCD,, titre is more correctly
expressed as 104% per inoculum volume, in this case per 0.05 ml.

Macrotechnique
1. Thaw frozen virus preparation to be titrated.
2. Add 1.8 m] PBS to each of a set of § sterile test tubes.

3. Add 0.2 ml of virus to the first tube using a sterile graduated
pipette (= 10-! dilution). Take a fresh pipette and mix thoroughly
but avoid ‘frothing’ of fluid, as this disseminates virus into the
atmosphere.

4, Transfer 0.2 ml of 10-! dilution into the next tube; take a fresh
pipette and mix thoroughly. Continue until all 8 serial ten-fold
steps have been completed.

Note: To avoid extra carry-over of virus on the outside of the
graduated pipette follow this maxim:

MIX — TRANSFER — DISCARD.

5. Label a set of healthy cell tube cultures containing fresh mainte-
nance medium; use a minimum of two tubes for each dilution.
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6. Inoculate these tubes with 0.1 ml of appropriate dilutions;
transfer the most dilute virus first and the other dilutions in order
thereafter using an automatic pipette.

7. Include 2 tubes inoculated with undiluted virus and two
uninoculated tubes to serve as cell controls.

8. Incubate at 36°C in the stationary sloped position. Read titration
when endpoint (i.e. CPE) reasonably stabilized (i.e. days 3-9).
One tissue (= cell) culture infectious dose (TCD,,) per 0.1 mlis
present in the highest dilution producing CPE in 50 per cent of
the tubes inoculated.

9. Caleulate the virus titre using the convenient simple Kérber
formula:

log TCD), = 1.—d (5 -0.5), where

5

L = log of lowest dilution used in the test

d = difference belween log dilution steps Q‘
S = sum of proportion of ‘positive’ tests (i.e. cullures
showing CPE)
Example
Virus dilution Proportion of cultures infected
10-! 2/2=1
10-2 2/2=1
10-* 2/2=1
10 2/2=1
10 2/2=1
10+ 0/2=0
10-7 0/2=0
10~ 0/2=0 e
Log TCD,, =L-d (5-0.5)
s=1-1(-0.5)
=—50.b

Virus titre = 1055/0.1 mi

Although the accuracy of the titration can be increased by using
4 culture tubes per virus dilution, the titre resulis obtained from the
use of 2 tubes is usually adequate for virus identification purposcs.
Exarples of the interpretation of typical poliovirus titrations are
given in Figure 13.
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It is Important to remember that any alteration in the cell system
used, volumes of virus used or days on which titres are read necessi-
tate re-titration of the original virus material. Viruses which have
necessitated titration are used at 100 TCD,, concentrations per
inoculum volume for virus identification and serological studies.
Fortunately, polioviruses (and enteroviruses in general) are very
stable when aliquots are stored at —=20°C and their titres are usually
reproducible when thawed in preparation for these tests.

FIGURE 13

EXAMPLE OF TITRATIOM OF POLIOVIRUS ISOLATES USING MACROTECHMIGIUE
Virus Dilution lsolate 1 lsolate 2 Isobate 3 Isolate 4 Isolate 5
10- +/+ +/+ o/o w4/ +]+ /v ]+
10-2 +/+ +/+ o/o +/+/+/+ +/+/+/*
10+ +/+ +/+ o/o +/+/+/0 +/o/ofo
104 +/o +/+ o/o +/0/o/o a/o/o/o
10-5 o/ o/o o/o ofefafa o/o/ofo
TCD,, /0.1 mi 104 1045 Mo virus 1035 10274

+ = CPE (virus present)

o = no CPE [virus absent}

4.2
IDENTIFICATION OF POLIOVIRUS ISOLATES

For the identification of poliovirus isolates, samples of dilated
isolate are mixed with equal volumes of a selected set of polyclonal
antisera raised in animals against known virus serotypes. The
serum/virus mixtures are incubated for two hours to allow the
antibodies to bind to the virus. Subsequently, suspensions of cells
are added or alternatively the mixtures are inoculated into cell
culture tubes. These are examined daily for the presence of CPE.
The antiserum which prevents the development of CPE indicates
the identity of the virus serotype.
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The test is performed using polyclonal antiserum of high titre,
which is then mixed with 100 TCD,, (range 32-320 TCD,,} of
unknown virus. Previously it was customary to titrate all virus
isolates before atlempting their identification. Now the procedure
recomimended for those viruses which on passage produce rapid
CPE (within 2 days) is to use these at two arbitrarily sclected
dilutions (i.e. 10-* and 10*). Should problems in identification of the
isolate arise, then titration of the virus is required (Section 4.1.6).

The procedure for virus isolate identification can be performed
using microtitre plates (microtechnique) or cell culture tubes
{macrotechnique). While microtechnique is more economical in
requirements for precious viral antisera, in inexperienced hands the
possibilities of viral cross-contamination between isolates is consid-
erable, Macrotechnique requires larger volumes of reagents but
individual tube cultures are opened only at the serum/virus inocula-
tion stage. If difficulties in identifying the isolates are encountered
or virus mixtures are suspecied, neutralization tests using tube
cultures should be used.

If virus isolates are obtained in both RD and in HEp-2 cell
cultures, identification of both isolates is essential since the virus
susceptibility of these two cell lines varies.

4.2.1

Antisera

The primary aim of the virus laboratory participating in the
poliomyelitis eradication initiative is to identify polioviruses isolated
from clinical specimens. First attempts at virus isolate identification
should concentrate on this aspect alone, using monospecific
polyclonal poliovirus types 1, 2, and 3 antisera individually and/or
combined as poliovirus antiserum pools. Requests for these antisera
should be submitted to CDS/EPL, WHO, Geneva.

4.2,2
Identification using microtechnicque

The following equipment is needed: (1) sterile, disposable, flat-
bottomed (cell-culture grade) microtitre plates; (2) adhesive film or
tape for sealing plates; (3} adjustable automatic pipette with sterile
disposable plastic tips, capable of delivering volumes of 0.05-0.1 ml.

1. Prepare four pools of poliovirus antisera {diluted according to
the supplier’s instructions) as follows:

i. PoolP, +PF,+P, anti-type 1, type 2, type 3

ii. PoolP +P, = antitype 1 and type 2
iii. PoolP +P, = anti-type 1 and type 3
iv. PoolP, +P, = anti-type 2 and type 3
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Label each bottle clearly, listing the pool contents and date of
preparation. Once the 4 pools have been made, those required
for frequent use can be stored at 0°C to 8°C; stock preparations
should be distributed in several vials and stored at —20°C. Each
time a batch of pools is prepared it is essential that their ability
to identify correctly poliovirus isolates is confirmed by testing
each pool against prototype poliovirus types 1, 2 and 3.

2, Unwrap sufficient plates to accommodate the number of
isolates to be tested. Label the plates with the sample labora-
tory number, the date and the antisera (pools) used. It may be
more convenient to write these details on a sheet of paper
which accompanies the numbered plate.

3. Distribute 0.05 ml of each of the 4 antiserum pools into wells
of the microtitre plate (4 wells/pool) using separate tips for
each pool. Add 0.05 ml of maintenance medium (see Annex 2)
into a further 4 wells per virus dilution, which will serve as
virus controls (Figure 14).

4. Dilute the isolates in maintenance medium at 102 and 10,
the arbitrarily selected dilutions as discussed earlier.

5. Add 0.05 ml of the virus isolates diluted at 10 to 2 wells and
the same volume of 10~ dilution to the other two wells of each
antiserum pool and to the wells acting as virus controls, using
a separate tip for each virus dilution.

6. Prepare a back titration of the isolate in tubes/hottles
containing maintenance medium, beginning from the strong-
est dilution used (usually 10-) and continue in serjal ten-fold
steps (i.e. to 107, see Figure 14).

7. Distribute 0.05 ml maintenance medium into 20 empty wells
and then add 0.05 ml samples of the above dilutions into
4 wells/dilution, beginning with the most dilute virus.

8. Cover the plates with their lids and incubate at 36°C for
2hours,

9. During this incubation period, prepare a cell suspension from
a cell culture flask (i.e. the cell type in which the virus was iso-
lated) and dilute this in growth medium to contain 1-2 x 10*
cells/0.1 ml

10.  Distribute 0.1 ml of cell suspension into all wells containing
serum,/virus mixtures or virus and 4 wells containing 2 x 0.05
ml volumes of maintenance medium which act as cell controls.

11.  5eal the plates with adhesive tape and incubate at 36°C.
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12.  Examine plates daily (using an inverted microscope) for
development of CPE, usually for 3-5 days. When virus
controls show complete CPE, record final results on the
same day. The antiserum pools which prevent the develop-
ment of CPE indicate the identity of the virus isolate or
mixtures of polioviruses.

13. At this stage all cell control wells should have a complete
monolayer of cells; the back titration of virus should confirm
that the virus dilutions used in the test were acceptable
(i.e. 100 TCD,, with a range of 32-320 TCID,, ).

Figure 14 shows the typical lay-out of a test plate with interpreta-

tion of results. It is also recommended that 10-% and 10—~ TCID,

50

of poliovirus 1, 2 and 3 Sabin strains should be included in each
batch of identification tests.

FIGURE 14

IDENTIFICATION OF POLIOVIRUS ISOLATES USING THE
MICROTECHNIQUE

Virus isolate X at -3

Pool Pool Fool Pool

Virus Cell
Controls| Controls

P,+P, PP,

4
Virys isolate Y at -3
-4

Back titfrations:
isolate X
isolate Y

I QT T alE o

O = unused wells

Interpretation of results:
Virus fitre of isolate X = 10%5; isolote neutralized by Polio pools 1+42+3;

Virus titre of isolate Y

Cell controls

1+2; 143
Poliovirus type 1

103; isolate neutralized by Polio pools 1+2+3;
1+2: 243

Poliovirus type 2
Normal growth
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4.2.3

Identification using macrotechnique

1

Prepare the 4 pools of poliovirus antisera and store exactly as
described for use in the microtechnique method.

Distribute 0.2 ml of each pool into labelled test tubes (or into
the wells of 22 cm x 14 cm plastic disposable plates) using
separate pipettes for each pool. Use 2 tubes (wells) per pool.

Dilute the isolate in PBS at 10~ and 10, the arbitrarily
selected dilutions discussed earlier. At the same time prepare
a back titration of the isolate ranging from 10-* to 10~

Using a separate pipette each time, add 0.2 ml of virus dilution
to each tube (well) containing antiserum; mix serum virus
mixtures gently to avoid ‘frothing’. :

Incubate these capped/covered mixtures for 2 hours at 36°C.

During this incubation period, select freshly monolayered
tubes of cell cultures corresponding to the cell type in which
the virus was isolated. Label these, using 2 tubes per .
antiserum/virus mixture, 2 tubes each for the virus controls
(10~ and 10%), and 6 additional tubes for the remaining back
titration of the isolate from 10-° to 107, and two tubes to act
as uninoculated cell controls.

‘Transfer the serum/virus mixtures {total volume 0.2 mi per
tube) to the correspondingly labelled tubes, using a separate
pipette for each inoculation.

Inoculate 0.1 ml of the back titrations into the cell cultures.
The same pipette can be used throughout, providing the most
dilute virus is added first and ending with the two tubes each
of 10~* and 10-%, which will also serve as the virus controls.
Add 0.1 mi of PBS to each tube culture containing diluted
virus (to equate to the antiserum volume).

Incubate culture tubes in the stationary, sloped position at
36°C. '

Examine virus control tubes daily using a standard micro-
scope until complete CPE observed (usually 3 days). Tubes
contalning antisera are read on the same day. The antiserum
pools which prevent the development of CPE at that time
indicate the identity of the isolate(s).

Figure 15 illustrates the interpretation of the results.
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FIGURE 15
IDENTIFICATION OF POLIOVIRUS ISOLATES USING THE MACROTECHNIGQUE

Pool Pool Pool Pool Virus Identification ]
P +P,+P, P 4P, P,+P, P,+P,
) o o + Poliovirus type 1
o o + , o Polievirus type 2
0 + ) o Poliovirus type 3
o ) + + Mixture of

poliovirus types 1 & 2

o + o + Mixture of
poliovirus types 1 & 3

o + + o Mixture of
poliovirus types 2 & 3

o + + + Mixture of all three
poliovirus types

" ¥ - + Mo poliovirus or
mixture of poliovirus
with other enterovirus(es)

+ = CPE
0 = no CPE

With most isolates some “breakthrough” of virus is expected
1-2 days after reading the result. If this “breakthrough” is rapid
(ie. complete CPE) this can be due to: too high a dose of virus used
in the test; presence of a mixture of viruses; or some antigenic vari-
ation in the isolate. [t is therefore recommended that all results be
confirmed using individual poliovirus antisera.
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5'
INTRATYPIC DIFFERENTIATION OF POLIOVIRUS STRAINS

For countries at stage A or stage B of polio eradication, intratypic
differentiation becomes important. This technique will demonstrate
whether poliovirus isolated from a case is 2 wild or a vaccine-derived
strain. If wild poliovirus is implicated, is the strain already cir¢ulating
in the area or has it been imported from elsewhere?

Two methods for intratypic differentiation are described in this
manuval, the first using monoclonal antibody panels and the second
using nucleic acid probe hybridization. Both techniques are .
currently being used today in a small numnber of international
reference laboratories.

3.1

INTRATYPIC DIFFERENTIATION OF POLIOVIRUS STRAINS USING
MONOCLONAL ANTIBODY PANELS

Monoclonal antibodies are produced by hybridoma cells derived
from immune lymphocytes rendered immortal by fusion with a
myeloma cell line. Monoclonal antibodies are exquisitely sensitive
with respect to the sites they recognize on an antigen and a single
amino-acid change can block antibody binding. The panels of anti-
bodies described here are primarily intended to distinguish QPV
strains from wild type poliovirus strains. They have been devised to
identify strains as being: (a) identical to Sabin vaccine strains, (b)
related to, but drifted from the Sabin vaccine strains, (¢) typical wild
strains, or (d) antigenically unusual wild strains.

The antibodies of the type 1 panel are numbered 11-16, of the
type 2 panel 21-26 and of the type 3 panel 31-36. Their reactions
with wild type and vaccine-related viruses from a collection at the Na-
tional Institute of Biological Standards and Control, London, UK, are
shown in Figure 16. Some of the antibodies are specific for the Sabin
vaccine strain or strains derived from it. Antibodies 11, 12 and 15 do
not usually react with wild type 1 strains, antibody 24 does not react
with wild type 2 strains and antibodies 33 and 34 do not react with
most wild type 3 strains tested. In some cases, these antibodies do
not react with isolates known to be derived from the vaccine sirains
and obtained from vaccinees or contacts. This is due to change on
an antigenic site of the virus as a result of replication in the host.
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However, change in all strain-specific sites is unlikely, and if the
virus reacts with any of the strain specific antibodies, it is likely to
be derived from the Sabin vaccine strain.

Requests for these panels of monoclonal antibodies should be
submitted to CDS/EP], WHO, Geneva,

FIGURE 16

PERCENTAGE OF WILD AND VACCINE-RELATED POLIOVIRUSES
REACTING WITH MONOCLONAL ANTIBODY PANELS*

Poliovirus Poliovirus
Antibody Panels Wild Type Live Vaceine-related
Type 1 11 0% 88%
12 0% 88%
13 49% 100%
14 51% 100%
15 0% 65%
16 G7 % 100%
Type2 21 95% 100%
22 81% 75%
23 3% 100%
24 0% 80%
25 67 % 100%
26 100% 100%
Type 3 31 92% 100%
32 24% 100%
33 8% 80%
34 8% 100%
35 71% 100%
36 25% 70%

HRRIRER

*  Results of studies at the National Institute of Biological Standards and
Control, UK, on over fifiy viruses for each serotype.
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Procedure

Using poliovirus isolates which have previously been serotyped

and titrated:

1.

Prepare a series of 8 ten-fold dilutions of virus from 10! to 10
(i.e. 0.2 m of virus pius 1.8 ml of Eagle’s agsay medium (Aqnex 2),
using a separate graduated pipetie at each dilution stage).

Add 0.05 ml volumes of these dilutions to each well of a row in
two microtitre plates, and four wells of 2 row in a third microtitre
plate; i.e. row A for the first dilution, row B for the second, etc.
The plates should be previously labelled (code to identify the
samples, type and number of monoclonal antibody, etc.)

(see Figure 17).

. Dilute each monoclonal antibody 1/100 in Eagle's assay medium

and add 0.05 ml to 4 wells of each row of a microtitre plate. In this
way, the monoclonal antibody panel is accommodated on two
microtitre plates. Finally, add 0.05 ml of assay medium to the

4 wells of the third microtitre plate. This plate is the control
titration of the poliovirus isolate. '

Cover plates with lids and incubate at 36°C for 2 hours.

5. Add 0.1 ml of HEp-2 cells, resuspended in growth medium to

give a concentration of about 1-2 x 104 cells to each well.

Prepare a number of wells on the third microplate to serve as
cell controls by adding 2 x 0.05 volumes (= total 0.1 ml) assay
medium to the wells and then add 0.1 ml of cell suspension to
each.

Seal plates with adhesive tape and incubate at 36°C for a total of
7 days.

. Examine plates with an inverted microscope at 4 and 7 days;

wells showing complete CPE are scored as positive. The log titre
of virus in the presence and absence of antibody is calculated by
the method of Kiirber and the numerical value of the difference is
taken as the Neutralization Index for each serum using the fol-
lowing formula:

Neutralization Index (NI} = log VTo - log VTma, where
VIo = fitre of virus in the absence of monoclonal antibody
Vima = titre in the presence of monoclonal antibody

A Neutralization Index of 1 or greater indicates that the is{:»late is

sensitive to the antibody.

It is recommended that the reference strains of poliovirus (attenu-

ated) be included in all tests with monoclonal antibodies. Requests
for these strains should be submitted to CDS/EPIL, WHO, Geneva.
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FIGURE 17

INTRATYPIC DIFFERENTIATION OF POLIOVIRUS STRAINS USING
MOMNOCIONAL ANTIBODIES

PLATE 1 0.05 ml diluted | 0.05 ml diluted | 0.05 ml diluted
Antibody 1 Antibody 2 Antibody 3

0.05 ml

Virus dilution

'
o

de N & & A b e

PLATE 2 0.05 ml diluted | 0.05 ml diluted | ©.05 ml diluted

Antibody 4 Antibody 5 Antibody &

1 2 415 68 912
G T e (o elte
OO
R
alalaaialale ialale
XD
SRR
whelnladniaiaalniaiate
RO

0.05 ml
Virus dilution

T T N S VR SR
T omm g o w e

@ = test wells
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FIGURE 17 (Continued)

INTRATYPIC DIFFERENTIATION OF POLIOVIRUS STRAINS USING
MONOCLONAL ANTIBODIES

PLATE 3 0.05 ml virus Cell contrcr|; +
titration + 2 x0.05 ml
0.05 ml dilvent diluent-

123456789101112

X
@@@%qpo
400000000
PN 00000000

0.05 ml
Virus dilution

i'}? % 4:35 §$§$........
o Ef??iiﬁfi ........
»‘:%?@2&? X t&k‘........
2220000000

::m*ntr}t::ow:w-

- R - T B S SR . CRUS

@ = test wells O - unused,;\n}ells

Layout of Test Plafes and Control Plate

Virus dilutions are distributed over three plates. The 10-! dilution
is distributed in 0.05 mi volumes to each well of row A of Plate 1 and
Plate 2, and to four wells of row A in Plate 3. The 10+ dilution is
similarly distributed in 0.05 ml volumes over row B and so on.
Antibody dilutions are distributed over Plate 1 and Plate 2. +°
For type 1, the panel consists of antibodies 11, 12, 13, 14, 15, and 18,
For type 2, the panel consists of antibodies 21, 22, 23, 24, 25, and 26.
For type 3, the panel consists of antibodies 31, 32, 33, 34, 35, and 36.
A 0.05 ml volume of the first antibody (11, 21, or 31) is distributed to
wells oflines 1, 2, 3, and 4 of Plate 1. The second antibody (12; 22, 32)
is distributed to wells of lines 5, 6, 7, and 8, and so on. The wells of

Plate 3 receive 0.05 ml diluent. Plate 3 also containg 8 cell conb:ol

wells, each containing two volumes of diluent.

Interprefation of results

Some of the patterns of reaction which have been encountered
are illustrated in Figure 18 together with their interpretations.’
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FIGURE 18

EXAMPLES OF THE INTERPRETATION OF REACTIONS OF MONOCLONAL ANTIBODIES WITH
TYPE 1, TYPE 2, AND TYPE 3 STRAINS OF POLIOVIRUS

Type 1

Monaoclonal Antibody
Virus 1M 12 13 14 15 16 | Interpretation
Sabin 1 + + + + | Sabin vaccine
YW1 + + + + + | Vaccine-derived isolate
Vw4 + + + + - + | Vaceine-derived isclate
Heng Kong 15/8 - - + + - + | Wild type 1
Greace 5/872 - - - - - + | Wild type 1
Spain 459/82 - - - - - - | Antigenically atypical wild type |
ERE

Type 2

Monaclonal Antibody
Virus 21 22 23 24 25 26 | Inferprefation
Sabin 2 + + + + + + | Sabin vaccine
KT228/1l + + - + + + | Vaccine-derived isolate
KT428/il + + + + + + | Voccine-derived isolote
5503/1sr/8014 + + + - + + | Wild type 2
AZ949/Kuw/BO17 + - ¥ - + + | Wild type 2
II-1 ® - + - - + | Wild type 2
I-299 - - - — -+ | Anfigenically atypical wild type 2

Type 3

Manaoclonal Antibody
Virus 31 32 33 34 35 36 | Interpretation
Sabin 3 + + + + + Sabin vaccine
DM4 + + + + Vaccine-derived isolate
EM25 + + - + + + | Vaccine-derived isalote
DM35 + + + + + - | Vaccinederived isolate .
DM6&E + + - + + - | Vaccine-derived isolate
715 + + - - + + | Wild type 3
H-374 + + - -+ ~ | Wild type 3
fl1 + - - - + - | Wild type 3

Fin/23127/84 - - - - Antigenically atypical wild type 3

T e e

+ = neytralized
- = not neutralized
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5‘2

INTRATYPIC DIFFERENTIATION OF POLIOVIRUS ISOLATES USING NUCLEIC
ACID PROBE HYBRIDIZATION

Nucleic acid probe hybridization is a rapid, reliable, and simple
method for differentiating poliovirus isolates. Synthetic DNA probes
have been prepared that recognize either all human enteroviruses,
or specific poliovirus strains, such as isolates derived from the Sabin
vaccine strains. Recognition is by specific base-pairing of the probes
to sequences within the genomic RNAs of poliovirus isolates. The
enterovirus group probe binds to sequences conserved among
enteroviruses and polioviruses, while the strain-specific probes bind
to sequences that are highly variable across and within poliovirus
serotypes. Although limited variation of the sequences targeted by
the Sabin strain-specific probes occasionally occurs during vaccine
replication in humans, the hybridization conditions described in this
chapter permit recognition of such variants as being vaccine-related.

The probes have been designed to be used in concert with pri-
mary isolation and typing with hyperimmune sera. Virus isolation in
cell culture is essential for resolving mixtures of viruses that may
exist in clinical specimens and for increasing virus titres to levels
giving good RNA yields for hybridization tests. Accurate typing data
are critical for the correct identification of polioviruses and for
reducing the overall work load in intratypic differentiation by early
exclusion of non-polio enteroviruses from further routine testing.

Probes specific to several wild poliovirus genotypes have been
prepared, such that important epidemiological information regarding
the distribution of specific wild genotypes is obtained through
routine diagnostic procedures. It appears feasible to prepare probes
for the wild poliovirus genotypes endemic to each region of the
world. Such a collection would necessarily be large, since numerous
wild poliovirus genotypes currently exist worldwide, The probe set
presently available for distxibution consists of (1) a probe to the
enterovirus group, which will confirm an enterovirus (including
poliovirus) is present in the isolate and give some indication of the
amount of RNA present (2) three Sabin vaccine strain-specific
probes, which will recognize vaccine-related isolates of each sero-
type. Many variations in probe design and experimental procedures
have been successfully applied. This chapter describes conditions
for use of short synthetic DNA probes covalently linked to a mole-
cule of alkaline phosphatase. A simple histochemical reaction is
used to detect hybrids,

Probe hybridization reactions are discussed below in five steps
(1) preparation of samples using formaldehyde treatment,
(2) immobilization of poliovirus RNAs onto membrane filters, .
(3) hybridization by incubation of the filters in buffers containing
specific probes, (4) washing the filters to remove unbound probes,
and (5) detection of hybrids.
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5.2.1

Preparation of saumples using formaldehyde
treatment

Materials

1.

Healthy monolayers of poliovirus-sensitive cells (RD or HEp-Z, in
culture tubes or microtitre plates).

2. Dry ice/ethanol bath or freezer (-70°C or —20°C).
3. 20X Saline Sodium Citrate (20X 55C). (see 5.2.6).

. 37% formaldehyde solution (Reagent Grade).

CAUTION:
CARCINOGEN. AVOID INHALING FUMES.
WEAR PROTECTIVE GLOVES,

Procedure

CAUTION:
PERFORM ALL OPERATIONS WITH
OPEN SAMPLES OF INFECTIOUS VIRUS IN A
BIOLOGICAL SAFETY CABINET.

. For each poliovirus isolate, inoculate rinsed cell monolayer

cultures with 0.1 ml of infected culture fluid from clinical isolates
to produce high-titre stocks. RD cells give high virus yields.

. After adsorption (36°C for 1 hour), add only sufficient cell culture

medium (lacking foetal calf serum) to completely cover the
monolayers.

3. Incubate the cultures at 36°C until complete CPE is obtained.

4. Suspend the infected cells by agitation. Freeze (dry ice/ethanol

bath or freezer) and thaw (36°C) twice.

. Transfer 0.5 ml of culture fluid to a 1.5 ml microcentrifuge tube.

Pellet cellular debris in a microcentrifuge (>10,000 g for 1 minute).

5. Transfer the supernate to a new 1.5 ml] tube. For each 0.5 ml of

culture supernate add:
20X 55C 0.3 ml
37% formaldehyde 0.2 ml
Vortex to thoroughly mix and centrifuge briefly (15 seconds).

¢
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7. Seal the tube with parafilm to prevent the cap from popping open,
and heat at 60°C for 15 minutes.

Comments: The heat step disrupts the virion proteins, releasing the
viral RNA. The 6X S5C (final concentration) provides the high
salts necessary for efficient binding of RNA to membrane filters.
Formaldehyde disrupts base-pairing within RNA molecules,
causing native RNAs to form extended chains. The heat and
Jormaldehyde combine to completely inactivate virus infectivity so
that subsequent steps can be performed on the open laboratory
bench.

Since RNA molecules are degraded upon prolonged exposure to
formaldehyde, it is best to prepare only enough formaldehyde-
treated samples as will be used immediately. Untreated infected
culture mediurn or clarified supernates can be stored indefinitely
at -20°C.

5.2.2

Immobilization of poliovirus RNAs onto membrane
filters

Samples may be spotted directly onto membrane filters using a
micropipette. However, when the number of samples is large, it is
convenient to use a blot filtration manifold. Plexiglass manifolds,
containing 96 wells in exactly the same size and arrangement as the
wells in a microtitre plate, are commercially available. The blot
manifold is assembled from three parts. The base is connected to a
vacuum source, which can be provided by the central vacuum
system, a water aspirator, or an electric vacuum pump.

Muoteriols
1. Nitrocellulose membrane filters.

CAUTION:
NITROCELLULOSE IS HIGHLY FLAMMARLE.

DO NOT AUTOCLAVE.

2. Thick filter paper.
3. Blot filtration manifold,
4. Vacuum source and filter flasks,

5. Filter forceps.
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Procedure

1. Cut the corners from the sheets of filter paper and membrane
filters so that the alignment pins in the manifold will be clear.
Mark the corner of the membrane filter with a pencil to identify
well Al. Do not touch the membrane filters with your fingers
(wear gloves and use filter forceps), as oils from the skin will
interfere with RNA binding to the filter. Nitrocellulose mem-
brane filters are fragile and must be handled with care.

2. Saturate a piece of thick filter paper with 6X S5C and place jt
on the manifold.

3. Float the membrane filter in a shallow container of distilled
water to wet, The filter hecomes darker when wet. After
30 seconds invert the filter to thoroughly wet it.

4. Drain off excess water and briefly soak filter in 6X S5C by the
method described in slep 3.

5. Position the membrane filter on top of the filter paper. Clamp
the “sandwich” together and gently apply vacuum.

6. To ensure that none of the wells is blocked, filter a small
amount of 6X S5C through all wells. Air bubbles prevent
complete filtration of the sample and can be removed by
gently tapping the manifold on the bench. After the wells are
cleared, turn off vacuum.

7. Apply samples (up to 0.2 ml) to the filter with a micropipette
by dispensing down the wall of each well.

8 Spot samples in replicate sets. Samples should include Sabin
vaceine strain and wild poliovirus strain RNAs for reference.
At least two sets are needed:

- 1 set for the group probe, and
— 1 set for each strain-specific probe.

If the serotypes of the isolates are unknown, it is necessary to
prepare four replicate sets: one set for the group probe and
one set for each Sabin strain-specific probe. Samples should
be grouped in such a way that separate areas may be cut from
the filter to give equivalent patterns containing all RNA
samples. Take care to unambiguously mark all filter pieces for
proper orentation.

9.  After all samples have been dispensed, gently apply vacuum
until all wells are empty. Disassemble the manifold and care-
fully remove the membrane filter.

10. Place the membrane filter between two pieces of filter paper
and allow to air dry completely (usually 30 to 60 minutes).
Do not heat filters. The filter is now ready for hybridization.

Note: Volumes of treated culture fluid greater than 0.2 ml may
clog filters. Volumes less than 0.05 ml may not distribute the
samples evenly at the bottom of the well and should be further
diluted to 0.2 ml using 6X SSC.
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5.2.3
Hybridization

To reduce background spots caused by non-specific binding of
probes, membrane filters are first incubated in hybridization buffer
in the ahsence of probe. This step is called “pre-hybridization”. Pre-
hybridization is unnecessary with many synthetic DNA probes, but
with others some background remains despite all precautions.
Resolution of background problems must often be approached
empirically.

Moterials
1. Hybridization buffer (see 5.2.6).

2. Sealable plastic sandwich boxes.
3. Shaking water bath.

Procedure

1. Place filters in plastic sandwich boxes containing 1 mi of hybridi-
zation buffer for each square centimeter of membrane filter.
Several filters may be placed in the same box.

2. Seal the sandwich boxes and incubate at 45°C for 2 hours in a
shaking water bath (120 RPM).

3. After pre-hybridization, transfer filters to a separate sandwich
box for each probe,

4, Add 0.1 ml of hybridization buffer for each square centi-
meter of membrane filter {one-tenth the volume used for
pre-hybridization).

Add the probe to the hybridization buffer using a micropipette.
Seal each box and transfer to a 45°C shaking water bath.

Incubate 1 to 2 hours.

e

Transfer filters to shallow containers, such as sealable plastic
food containers, for washing.

" Comments: Hybridization reactions are generally performed in srmall

volumes to increase probe concentrations. To assure that all acces-
sible target sequences can hybridize, probes are added at stoichiom-
etric excess over the “target” sequences immobhilized on the mem-
brane filters. The high concentrations of the probes drive the hy-
bridization reactions to completion. The optimal temperatures for
hybridization reacfions represent a balance between increasing the
rate of strand association and thermal dissociation of the hybrids.
For most hybridizations, the optimal incubation temperatures are
15°C to 25°C lower than the dissociation temperatures (Td) of the
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hybrids. The dissociation temperatures of perfectly matched hy-
brids formed by synthetic DNA probes in 6X S5C are determined
primarily by chain length and composition (G—C pairs which have
three hydrogen bonds are stonger than A=T or A=U pairs, which
have two hydrogen bonds), and can be roughly estimated from the
following formula:

T, =4°C x (No. of G+C bonds) + 2°C x {No. of A+T bonds)

5‘2‘4

Washing the filters to remove unbound probes

Materials

1. Wash Buffers A and B (see 5.2.6).

2. Sealable plastic food containers, 200 ml capacity or larger.
3. Shaking water bath.

Procedure

1. Wash filters twice for 5 minutes at room temperature with
shaking in 100 ml Wash Buffer A.

2, Wash filters twice for 5 minutes at 45°C with shaking in 100 ml
Wash Buffer A.

3. Wash filters twice for 5 minutes at 45°C with shaking in 100 ml
Wash Buffer B(Note: No SD5).

Comments: Non-specifically bound probes are removed by washing
conditions described as being “stringent”. Stringency is increased
by raising the temperature and reducing the salt concentrations
in the wash buffers. Both of these conditions disrupt the hydro-
gen bonds forming the base pairs of the hybrids.

Careful choice of the washing conditions can be used to select for
hybrids having varying degrees of base-pair mismatch with the
target sequences. For short probes, having less than 30 nucleotides,
3 to 4 mismatches with the target sequences virtually eliminate
hybridization. Under certain conditions, even a mismatch at a single
nucleotide position may be detected by a reduction in the thermal
stabilities of the hybrids. Conditions described here have been
optimized to distingutish Sabin vaccinerelated isolates from wild
polioviruses.

e
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5.2.5
Detection of hybrids

Materials

1. Clean plastic sandwich box

2. Alkaline phosphatase substrate buffer
3. Nitro blue tetrazolium (NBT) | See 5.2.6
4. 5-Bromo-4-chloro-3-indolyl phosphate (BCIP) ___

Procedure

1. Transfer each washed filter to a clean sandwich box.

2. 'To each box add 0.033 ml NBT and 0.025 ml BCIP in 7.5 ml
«. alkaline phosphatase substrate buffer.

3. Incubate at room temperature in the dark' for up to 4 hours,
Check at 30 minutes for colour development.

4. Wash filters at room temperature in distilled H,0. Air dry at
room temperature,

5. Colour develops at sites of hybridization.

5.2.6

Reagents

HYBRIDIZATION BUFFER

6X 85C/0.1% Sodium Dodecyl Sulphate (SDS)/5X Denhardt’s

Solution
20K SEC et esees e res s s et 30 mi

', L0% SDS oo eee s et 1ml

30X Denhardt’s Solution .. .eeeoeeseeeeeooeeo 10 mt
ST 00 O to 100 ml

WASH BUFFER A

1X 58C/0.1% SDS
2OK SBC et ettt s se s et ses oo 50 ml
L10% SIS oot esener st sesenes st e 10 ml




60 WHO/EPI/CDS/POUIC/S0, |

e —

WASH BUFFER B

1X 85C
DON SEC it rsrsrr e bbb b 50 ml
Distilled H,O oo to 1000 ml

20X 58¢C

3.0 M NaCl/300 mM Sodium Citrate (ph 7.0)
Sodium chloride (NaCl FW.58.4) o 876 ¢
Sodium citrate (Na,C.H 0. H,0 FW.2941) ......... 441 g
Distilled H,0 -ooocvrereresrrsmesnrescossnnrresers e to 5000 ml

Weigh out each component and add 4000 ml of distilled water. Stir
until dissolved. Titrate to pH 7.0 with a few drops of 10 N NaOH.
Adjust volume to 5000 ml with distilled water. Dispense 1000 ml
amounts into screw-cap bottles, Sterilize by autoclaving for 20
minutes,

DENHARDT’S SOLUTION (50X)

FACOIL ..ot r s e s e vee e e st 5g¢
Polyvinylpyrrolldone ..., 5g
BSA Pentax (Fraction V) ... 5g
Distilled H,O ...ooovrvcivirarisrnsmersmnrssssesssissssniaiscenes to 500 mi

Sterilize by filtration. Store 25 ml aliquots at =20°C.

ALKALINE PHOSPHATASE SUBSTRATE BUFFER
100 mM Tris-HC1 (pH 8.5)/100 mM NaC1/50 mM MgC1,

TS BASE oeieeeireeerevrmeerervreretbestsssnesre et s b 1.21g
NACL s rcrcrnssssssra st ss s s asasssns s naerernans 0.58 g
MECLBH 0 oot sisssssss s 102 g
Distilled H,O oo, to 100 ml

Adjust pH to 8.5 with HC1. Add 20 mg NaN , as preservative.
Store at 4°C.
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NITRO BLUE TETRAZOLIUM (NBT)

Nitro Blue Tetrazolium .......coooeveeeiccccecccrcrcn 3750 mg
DimethyHormamide o 3.5ml
Distilled 2 L O T 1.5 ml

Store 1 mt aliquots in dark at or below -20°C.

35 BROMO-4-CHLORO-3-10DOLYL PHOSPHATE (BCIP)

Dimethylformamide ..o reressssssesesisesssesens 5ml
Store 1 mil aliquots in dark at or below -20°C.
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6-

DETERMINATION OF NEUTRALIZING ANTIBODIES TO
POLIOVIRUSES

Tests for neutralizing antibodies are considered to be the most
specific for determining the antibody response to poliovirus infec-
tions. Consequently they are invaluable for the serological surveil-
fance of target groups of the population to ascertain their immune
status to polioviruses.

Since current methods do not allow differentiation hetween
antibodies against wild and vaccine strains, their use is no longer
recommended in the routine laboratory diagnosis of patients with
poliomyelitis.

6.1
SEROLOGICAL SURVEILLANCE OF POLIOVIRUS IMMUNITY

Immunity to poliovirus is measured by determining the ability of
a human serum sample to neutralize the infectivity for cell cultures
in vitro of each of the three types of poliovirus. Neutralizing anti-
body to polioviruses can be demonstrated in either of two ways:
(1) incubating a fixed amount of serum sample with a range of
dilutions of the challenge viruses; (2) incubating a standard dose of
virus, with dilutions of serum. The first method gives a quantitative
estimate for the amount of antibody present. The second is some-
what less precise and depends to some extent on the avidity of the
antibody. Nevertheless, it is this latter test that is most widely used
in the diagnostic virus laboratory and allows the antibody level to be
expressed as a titre.

Titration of the serum sample is simple, as the required serial
dilutions can be carried out using one pipette, and the dilutions
prepared in the wells of a microtitre plate. The same procedure must
not be used for preparing virus dilutions. Viruses, unlike serum, are
particulate and frequently exist in clumps which are carried over in
an unpredictable manner if a single pipette is used resuliing in
errors of a 1000-fold between the theoretical and observed concen-
trations of virus. Therefore, for each virus dilution step a change of
pipette after transfer is absolutely essential.
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Cell culture assays are technically more demanding than other
methods of measuring antibody-antigen binding such as agglutina-
tion, immune precipitation, and ELISA. However, these latter tech-
nigues have not been found to be generally suitable as they measure
both neutralizing and non-neutralizing antibody and the value of the
latter in protection against poliomyelitis is unknown, and may be
irrelevant.

The test to be described has been found to be convenient, but
variations are possible and indeed may be necessary to accommo-
date local circumstances. The essential element is to control the test
using challenge viruses whose serotype identities have been con-
firmed using reference antisera and, most importantly, each test
must include a reference serum; this may be an in-house standard,
i.e. any human serum available in large amounts for long-term use,
the titre of which has been established against a national or interna-
tional reference antiserum.

The method describes the use of microtitre plates with flat-
bottomed wells, and the preparation of the serial serum dilutions by
means of an automatic pipette. This is most conveniently achieved
for a large number of samples by using a multichannel pipette with
disposable tips. Allernatively, 1 ml graduated pipettes may be used
to prepare dilutions of the test sample in test tubes.

No atternpt has been made o give a figure for the cell concentra-
tion per test well. This is a matter of experience according to local
conditions and cell vigour, but it has been found that harvesting
a confluent cell sheet from a 75 cm® flask into 20 ml of medium pro-
vides approximately 10 cells per 0.1 ml and is a suitable inoculum
for a microtitre well; other workers prefer up to 5 x 10* cells/0.1 ml.
Once a routine has been established, it should not always be neces-
sary to count each time the cells in the cell suspension. Experience
should tell whether the culture to be harvested will provide the
anticipated cell vield.

After inoculation, the plates may be sealed with nontoxic adhe-
sive film and incubated at 36°C in a normal incubator, or covered
with a lid and incubated in a CO, incubator. Either method is
equally satisfactory.

The periods used for the imcubation of serum/virus mixtures
vary in different virus laboratories. Where the immune status of
individuals is being determined, the detection of even low levels of
neutralizing antibody is important. Long incubation periods, i.e.

3 hours at 36°C and overnight at 0°C to 8°C can increase by four-
fold to eightfold the detection of neutralizing antibody with the
added benefit of increased reproducibility of the tests 1112 Standard-
ized samples of sera, to act as reference points, must be included in
each batch of tests.
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