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Preface
Streptococcus pneumoniae is an invasive, sterile-site pathogen accounting for approximately
1500 notifications annually in Australia. This number however underestimates its clinical
impact, as it does not include ear or eye infections, or pneumonias unaccompanied by
septicaemia. Its interaction with humans involves asymptomatic colonization, especially of
children, and this may serve as a prelude to invasive disease.

This study examined

colonization by pneumococci and other potentially clinically significant bacteria in children
presenting with acute respiratory infections. It was found that children are very commonly
colonized with bacteria which are capable of clinical disease. Similarly, they frequently carry
"paediatric strains" of pneumococci which can exhibit antibiotic resistance and are capable of
invasive disease.

Children are therefore the likely reservoir for pneumococci, and an

important factor in the epidemiology of the pneumococcus. This organism is now actively
vaccinated against in Australia, and this is likely to both inhibit colonization by vaccine
strains, and possibly select for serotype replacement strains. This study represents a "snap
shot" of capsular strains colonizing children prior to the introduction of universal
pneumococcal vaccination in Australia, what antibiotic resistance they possessed, and
whether their acquisition is influenced by respiratory viral infection.
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Abstract
Pneumococcal disease involves infections at both sterile and non-sterile sites, and accounts
for considerable morbidity and mortality in Australia. Its public health significance has
prompted the progressive introduction of vaccination against the most clinically significant
capsular serotypes. Initially, vaccination involved those at greatest risk, such as indigenous
Australians and those with chronic diseases and other underlying risk factors. More recently,
universal vaccination was introduced for children, using immunogenic protein-conjugated
capsular polysaccharide antigens of the most common invasive paediatric pneumococcal
strains.

Vaccination is protective against invasive disease, but also introduces selection pressures
against those vaccine strains. This will likely alter colonization dynamics, with perhaps
serotype replacement or the emergence of vaccine escape mutants. Evidence to date suggests
that vaccine serotypes have been partially displaced, and that some non-vaccine strains, such
as 19A, are increasingly associated with invasive disease.

This study sought to establish the state of colonization by pneumococci, and other potential
bacterial pathogens in children prior to the introduction of the universal 7-valent conjugated
capsular polysaccharide vaccine in 2005. Children represent the reservoir for pneumococci in
the community, and are known to harbour antibiotic-resistant strains. This study helps
establish a colonization baseline, which may assist in detecting changes in colonization
attributable to universal vaccination. The study also sought correlates between bacterial
nasopharyngeal colonization, and viral respiratory infection. It has long been thought that
viral respiratory infections predispose for invasive pneumococcal disease, possibly because of
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co-acquisition of both virus and the bacterium in respiratory droplets, with the viral infection
then producing mucosal inflammation and injury conducive to bacterial invasion.

During 2004 and 2005, 495 nasopharyngeal aspirate specimens (NPA) for children up to 5
years of age presenting with acute respiratory infections were tested. These represented those
eligible for study inclusion, and did not include those excluded on the basis of age, extended
time as an inpatient, or repeat collections. NPA sampling was conducted over a total of 18
months, but specimens were most frequently collected during winter and early spring in 2004
and 2005. For analysis, the participants were broken into age groups to allow comparison
with previous studies. Participants comprised 130 children aged less than 6 months, 256 aged
6 months to less than 2 years, and 109 aged 2 to 5 years.

Bacterial colonization was common, with 79% of specimens growing either Streptococcus
pneumoniae, Staphylococcus aureus, Haemophilus influenzae or Moraxella catarrhalis. Co
colonization was common. H. influenzae isolates were non-typeable. S. pneumoniae was
present in 33% of specimens combined for age and gender, with H. influenzae similar (34%),
followed by S. aureus (25%) and M. catarrhalis (37%). Three percent of children were
colonized with methicillin-resistant S. aureus. S. pneumoniae isolates were typed for their
capsular polysaccharide antigens by both established serological techniques using antisera
from the Statens Serum Institut, Denmark, and by a multiplex PCR reverse line blot assay
(mPCR/RLB). These 2 techniques showed very good agreement, and showed that 63% of
pneumococcal isolates for all ages were vaccine strains covered by the 7-valent proteinconjugated capsular polysaccharide vaccine (4, 6B, 9V, 14, 18C, 19F and 23F). The most
commonly isolated vaccine strains were 19F (49% of total), 23F (14%), 6B and 14 (both 13%
of total). The most common non-vaccine strains were 6A (17% of total) and 19A (9%).
Generally a single pneumococcal serotype alone was recovered - only 1 specimen yielded 2
capsular serotypes.

Antibiotic susceptibility was determined for S. pneumoniae isolates by E-test and disc
diffusion methods, and interpreted to Clinical and Laboratory Standards Institute (CLSI)
guidelines. Penicillin non-susceptibility was detected in 40% of pneumococci isolates for all
ages combined. Penicillin non-susceptibility amongst the more commonly isolated 7-valent
vaccine serotypes ranged from 90% of 9V isolates, to 15% of 6B isolates. Of the frequently
isolated non-vaccine serotypes, penicillin non-susceptibility was detected in 67% of 19A
isolates, and 18% of 6A isolates. Ceftriaxone non-susceptibility was present in 18% of all S.
pneumoniae isolates, for all ages combined. Erythromycin non-susceptibility was found in
33% of total isolates, and clindamycin non-susceptibility in 20%.

NPA specimens were tested by immunofluoresence for the presence of respiratory syncytial
virus (RSV), influenza A and B, parainfluenza viruses 1,2 and 3, and adenovirus. Specimens
were also cultured to detect less common viruses not covered by immunofluorescence, but
human metapneumovirus and coronaviruses were not detectable in the study. A single virus
was detected in 54% of all specimens - no specimen yielded more than 1 virus. RSV was
most frequently found (148 in total, representing 57% of all viruses). Rhinoviruses were the
next most frequent (16.1%) followed by adenoviruses (11.5%), influenza A (7.3%),
parainfluenza 3 (4.2%), parainfluenza 1 (2.3%), echovirus (1.1%) and enteroviruses (0.8%).
Only one specimen tested positive for influenza B.

Statistical tests for association between respiratory viruses and the presence of colonizing
bacteria gave mixed results. Chi-squared testing indicated an association between the
presence of S. pneumoniae for all ages combined, and RSV detection (p = 0.03). This
however only held for children in the age range of 6 months to less than 2 years (p = 0.038),
and not for those aged less than 6 months, or those 2 years to 5 years. H. influenzae was
significantly associated with the detection of any virus in the NPA. No other significant
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association between bacteria and viruses were detected by the Chi-squared test. Multiple
logistic regression analysis however did not indicate any contribution by RSV to the presence
of nasopharyngeal S. pneumoniae. In contrast, a significant contribution by H. influenzae and
M. catarrhalis was found (p values 0.02 and 0.014 respectively). No other associations
approached significance.

This study confirms previous findings that children have high rates of nasopharyngeal
colonization with S. pneumoniae and other potentially pathogenic bacteria. The capsular
strains of pneumococci isolated are largely identical to those reported in childhood
colonization studies from Europe and the USA. Other strains are less frequent colonizers.
Coverage of the strains isolated by the current paediatric vaccine only extends to
approximately 63%. Of potential concern is the presence of serotype 19A, a strain which has
been more frequently isolated in invasive disease overseas in the post-vaccine era. Antibiotic
resistance was quite common in the pneumococci isolated. Viral respiratory infection was
commonly superimposed on pneumococcal colonization, although the statistics were
discordant on the strength of association. The study establishes a snapshot of the
colonization, and antimicrobial resistance present in a population at the commencement of
universal vaccination. Vaccination perturbs pneumococcal colonization biology, so the
potential now exists for strain displacement and vaccine-escape variants to become more
frequent colonizers, and possibly more commonly invasive and clinically significant. The
study details a reverse line blot (RLB) method to better track colonizers, and provides the
colonization baseline against which changes may be compared.
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1.0 Introduction and Review of Literature
1.1

Overview

Streptococcus pneumoniae is an a-haemolytic streptococcus which characteristically has an
elongated, "lanceolate" diplococcus morphology when seen in patient specimens, and from
broth and agar cultures. It is significant clinically as an invasive pathogen responsible for
pneumonia and pleural effusion, meningitis, sepsis, sinusitis, otitis media and less frequently,
endocarditis, pericarditis, osteomyelitis, peritonitis and other infections (Winn et al. 2006). Its
anti-phagocytic polysaccharide capsule is an important virulence factor, and more than 90
antigenically distinct capsule types exist.

Complicating therapy, the organism shows

increasing resistance to antibiotics, and is very nearly unique amongst the streptococci in this
respect. Its ability to cause invasive disease depends on virulence factors, and also on its
extensive colonization of the upper respiratory tract, especially in children.

The dynamics of pneumococcal colonization of the nasopharynx are complex, with
colonization rates highest in children and declining steadily with age. It involves a succession
of different capsular types sequentially over time. Immunological immaturity and an absence
of anti-capsular antibody in the young are thought to contribute to their high rates, but
respiratory viral infections also enhance conditions for pneumococcal colonization.
(Avadhanula et al. 2006)

Colonized children may represent a major reservoir of both

invasive and antibiotic resistant strains.

The relationship between colonization and invasive disease are incompletely understood.
Similarly, while statistics are generally good for invasive disease in Australia, they are poorer
on which strains are colonizing and what antimicrobial resistance exists in colonizing strains.
The dynamics of colonization in children are also likely to now alter in Australia with the
1

introduction of universal childhood vaccination against the most common invasive paediatric
capsular types.
vaccination.

Few if any studies document colonization baselines prior to universal

Doing so though would enable study of whether immunization perturbs

colonization, or alters colonizing serotype distribution.

The purposes of this study were to establish a snapshot of colonization in the young, and of
co-colonization with other potential respiratory bacterial pathogens.

The pneumococcal

capsular types present and their antibiotic susceptibilities were established, as these may be
indicative of invasive strains. The study sought association between common respiratory
viral infections and paediatric pneumococcal colonization. These observations will assist
understanding of colonization in the young, and factors that influence it. It may also enable
associations to be made between colonizing strains and those causing invasive disease at
similar times and places.

The study also sought to improve the techniques for studying the pneumococcus. Methods to
type strains have always been important for this organism, as it possesses multiple capsular
types as well as some ability to transform to new capsular identities. Additionally, antibiotic
resistance tends to associate with certain capsular types.

Good typing methods allow

differentiation of strains, and enable epidemiological links between isolates to be made.
Typing methods also assist verification of identification, as occasional Streptococcus oralis
strains may exhibit optochin sensitivity and thus mis-identify as S. pneumoniae.
Traditionally, capsule serology has been the mainstay for typing, but this does not fully
differentiate between strains of the same capsule type, can be somewhat subjective in
interpretation, and cannot inform on phenotypically untypeable isolates (poorly capsulated or
unencapsulated strains). The study evaluated the use of a previously developed multiplex
polymerase chain reaction (mPCR) to improve identification of capsule type (Kong et al.
2006). This method lessens uncertainty in assigning capsule identity, and also may allow
culture-free molecular detection of the organism.

2

1.2 The organism and its identification
S. pneumoniae generally has a characteristic, elongated, pointy-ended or "lanceolate" Gram
positive diplococcus morphology when seen in patient specimens or from solid and liquid
media. From blood cultures it may exhibit chains of various lengths like other streptococci.
In common with other streptococci, pneumococci are catalase negative, facultative anaerobes.
Growth necessitates supplementation of media with blood, and is enhanced by 5% C02. On
blood agar, the colonies are a-haemolytic and their appearance is governed by the degree of
polysaccharide encapsulation. Abundantly encapsulated organisms yield mucoid colonies,
and this gradates to flattened colonies with a central depression ("draughtsman" or "nailhead")
appearance for isolates producing little polysaccharide capsule. The colony appearance can
suggest likely capsule identity, especially for the mucoid phenotypes, serotypes 3, 8 and 37.
Colonies show optochin sensitivity with a few exceptions (Kontiainen & Sivonen 1987)
although optochin resistance has been shown to occasionally be a laboratory acquired
phenomenon (Robson et al. 2007).

Laboratory identification is based on Gram appearance, optochin sensitivity, bile solubility
and the detection of capsular polysaccharide antigens. Some laboratories also use molecular
methods such as polymerase chain reaction (PCR) for the lytA or ply (autolysin and
pneumolysin respectively) genes although both of these genes may occasionally be present in
other viridians streptococci. There are also commercially available antigen detection kits for
use on cerebrospinal fluid (CSF) or urine.

Strain typing can be done in specialist laboratories by phenotypic and molecular means.
Capsular typing is performed by the Neufeld or Quellung (swelling) reaction using rabbitderived antisera against capsular antigens from the Staten’s Serum Institut, Denmark. Latex
agglutination kits are also available, both for species confirmation and for serotyping. Pulsedfield gel electrophoresis (PFGE) has been developed and refined (McEllistrem et al. 2000) as
a way of characterising isolates. Multilocus Sequence Typing (MLST) (Enright & Spratt
3

1998) has also been applied to the organism. An extensive MLST database now exists.
MLST complicates the epidemiological picture further, as capsular type and MLST are not
equivalent. Strains of a given capsular type may represent several MLST types, and vice
versa.

1.3

Pathogenesis

S. pneumoniae is a space-occupying rather than tissue-destroying pathogen that elicits a
strong host inflammatory reaction (Preston & Dockrell 2008).

The organism is readily killed by phagocytes, but resists uptake via its polysaccharide
capsule. More than 90 capsular antigenic types exist, and efficient phagocytosis and killing is
reliant on anti-capsule antibody. The capsule may also have an anti-phagocytosis role in the
inhibition of deposition of opsonic complement C3b, and may mask antibody bound to cell
wall antigens. Shed capsular material may act as a pro-inflammatory stimulus locally (Janoff
& Rubins 1999). Colonizing strains tend to produce less capsule than invasive strains.

A number of pneumococcal components appear to disrupt mucosal function. Pneumolysin is
released by cells undergoing autolysis, and this damages ciliary clearance in the bronchi, and
fosters invasion by disrupting the barrier between alveoli and the underlying capillaries.
Autolysis also releases cell wall and cytoplasmic material which increases local
inflammation. The organism also produces a neuraminidase which thins mucosal secretions,
and an immunoglobulin A (IgA) protease which reduces the opsonising ability of IgA class
antibodies (Janoff & Rubins, 1999).

Mucosal colonization is probably assisted by neuraminidase activity, and this is common to
all strains (Kelly et al. 1967). This may facilitate colonization, as the pneumococcus binds to

4

a number of asialoglycoconjugates, including asialo-GMl which is common in human lung
tissue (Krivan et al. 1988).

1.4

Clinical significance and incidence

The notification of pneumococcal disease in Australia commenced in Queensland and the
Northern Territory in 1997, and became nationwide from January 2001 (McIntyre et al.
2002). Notifications are restricted to invasive pneumococcal disease involving isolation of
the organism from a sterile site (for example blood, cerebrospinal, peritoneal, joint or pleural
fluid). Isolates from sputum alone are not notified, but these cases will be captured if the
organism is also recovered from blood. Otitis media isolates are not included.

The inaugural national notifications in 2001

(Roche & Krause 2002) established

epidemiological baselines, but were not entirely consistent nationally.

Data collection

commencement varied in different jurisdictions, and enhanced data collection, or
retrospective collection occurred for some locations.
disease have been published annually since.

Notification statistics on invasive

The national notifications are based on

laboratory isolation, and isolates are reviewed in reference laboratories for species
verification, capsular type and antimicrobial susceptibility. Table 1 shows notifications 2001
- 2006, using the most recently available data after review and adjustment for completeness,
record duplication and error.

5

Table 1. Notifications of invasive pneumococcal disease 2001 - 2006. Rates are per 100,000
population per census data (Owen et al. 2007; Begg et al. 2008).
2001

2002

2003

2004

2005

2006

Notifications

1761

2415

2233

2370

1749

1443

Rate

9.0

12.3

11.2

11.8

8.6

7.0

The Table 1 figures for invasive disease however, do not reflect the true clinical incidence of
pneumococcal disease.

Isolates from otitis media are not recorded, nor isolates from

pneumonia alone. Pneumonia diagnoses were at least 3-fold more common than meningitis
and septicaemia combined in Australian hospitalization data 1999-2000 (McIntyre et al.
2002).

The highest pneumococcal disease rates tend to be in the young and the elderly. Rates in
2002 in those less than 5 years (57.3/100,000), and in those older than 85 years
(51.7/100,000) were both nearly 5-fold greater than the all-age rate (Roche et al. 2003).
Indigenous rates are greater than non-indigenous, though serotypes targeted by vaccines are
responsible for a much lower proportion of indigenous disease comparatively.

The case

fatality rates in 2002 and 2006 were approximately 9%.

The apparent trend in notification numbers and rates 2001-2006 may reflect both surveillance
comprehensiveness, and enhanced vaccination. Universal vaccination of children with the 7valent vaccine (4, 6B, 9V, 14, 18C, 19F, 23F) was introduced in 2005. Prior to this, the 7valent vaccine (7vPCV) was recommended for indigenous children, and other children with
6

risk factors. The 23-valent vaccine (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11 A, 12F, 14, 15B,
17F, 18C, 19A, 19F, 20, 22F. 23F, 33F) was licensed in Australia in 1986, initially for at-risk
adults. The 23-valent vaccine (23vPPV) is also now recommended for booster immunization
of higher risk children who have received the 7vPCV.

Table 2 compares invasive disease in the period immediately before enhanced 7vPCV
childhood immunization commenced in 2003, and the most recent data for invasive disease
notifications for 2006. Invasive disease in the young declined in this period, and capsular
types covered by the vaccines became less common amongst invasive strains.

Table 2. Comparison of invasive pneumococcal disease, 2002 and 2006, by age and vaccine
type. In 2005, the 7vPCV vaccine became part of the National Immunization Schedule,
effectively broadening its coverage from the previous recommendations for at-risk children.
Throughout this period the 23vPPV vaccine was also in use. (Derived from Roche et al. 2003;
Roche et al. 2008).
Isolate

Isolate

Cases of IPD

serotypes**

serotypes**

(% of total)

covered

by

7-

covered

by

valent vaccine

valent vaccine

< 5 years

5 - 64 y

> 65 y

2002

761

616

551

1221

1517

(n=1929*)

(39%)

(31%)

(30%)

(75%)

(93%)

2006

196

754

495

587

1154

(n=1445)

(14%)

(52%)

(34%)

(43%)

(85%)

23-

* Total 2002 notifications do not correspond with those reported elsewhere (Table 1) in this
current work.

The Table 1 numbers have undergone more data verification and

authentication, but do not split by age.
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** Values reported for isolates that were capsule-serotyped

1.5

Colonization and transmission in the epidemiology
of S. pneumoniae

Asymptomatic nasopharyngeal colonization with S. pneumoniae is far more common than
invasive disease. The organism can cause invasive disease in a number of vertebrate species,
but these play no role in human pneumococcal epidemiology.

Human nasopharyngeal

colonization and its asymptomatic persistence are prerequisite for invasive human disease.

Colonization rates have previously been found to be high in the young with rates of up to and
above 40%, but rates are significantly lower in adults (O'Brien et al. 2003; Bogaert et
al.2004). Rates tend to be higher in children in developing countries, and indigenous children.
Risk factors for adult colonization include communal and institutional living, the presence of
children in the household and winter weather. The lowest rates are in adults in houses with
no children (Hendley et al. 1975).

Pneumococcal colonization is usually by a single strain, with a variable period of persistence
After this time the colonizing strain disappears to be either replaced by another stain, or there
is a period of non-colonization for the individual (Garcia-Rodriguez and Martinez 2002;
O'Brien et al. 2003). Acquisition of pneumococci generally occurs within the first 6 months
of life, or shortly thereafter. Gray et al. (1980) found first colonization at a mean age of 6
months, and that the duration of carriage decreased with each successive serotype carried.
Ekdahl et al. (1997) found a similar pattern of longer persistence in infants compared to older
individuals for antibiotic-resistant strains. Infants in their study remained colonized for a
median 30 days compared to 14 days for adults older than 18 years. The usual presence of
only a single colonizing strain may simply represent exposure to that single strain, rather than
mutual antagonism between strains, as co-colonization by up to 4 different strains has been
reported (Gray et al. 1980; Austrian 1986). Children may remain colonized with a strain for
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several months (Ekdahl et al. 1997). Risk factors for colonization in children include young
age, day-care centre attendance, having young siblings and having received no antibiotics in
the month prior to screening (Regev-Yochay et al. 2004).

Colonizing strains overlap with those that cause invasive disease in children. The 7vPCV (4,
9V, 14, 18C, 19F, 23F and 6B), introduced to cover the most common invasive serotypes in
children, covers between 42 - 98% of colonizing serotypes in children (reviewed by Bogaert
et al. 2004). Some strains however are rarely isolated in carriage surveys, and are instead
associated with outbreaks of invasive disease. Serotypes 1,2 and 5 are amongst these.

Antibody to capsular antigens may play a role in the termination of colonization by individual
strains, and the apparent permissiveness of the young to colonization by pneumococci.
Inferior circulating antibody response to polysaccharide antigens are made by young children
(Makela et al. 1980), necessitating that polysaccharide antigens be conjugated to protein
carriers such as Neisseria meningitidis outer-membrane proteins or diphtheria toxoid to
increase T cell responsiveness and immunogenic response.

Similarly, local secretory

immunity against pneumococcal antigens is less developed in children compared to adults
(Findberg et al. 1993). Vaccination is able to reduce the carriage of vaccine strains in pre
schoolers, with non-vaccine strains then colonizing at greater rates (Obaro et al. 1996; Mbelle
et al. 1999; Dagan et al. 2002).

There also seems to be some association between strain immunogenicity and colonization
efficiency, with some of the more poorly immunogenic capsular types (Douglas et al. 1983;
Salt et al. 2007) being more commonly detected in carriage surveys of children (Bogaert et al.
2001; Salt et al. 2007). This suggests that poor immunogenicity may increase colonization
fitness. In contrast, some strongly immunogenic serotypes are infrequent colonizers (Salt et
al. 2007).

Serotype 1 for example is infrequently detected in colonization studies, and

capsular antibody to this type is common, reaching a seroprevalence of 80-90% by about 12
months of age in the UK, whereas some other serotypes exhibited an age-dependent increase
9

in seroprevalence (Balmer et al. 2007).

In adults, capsular antibody appears after

colonization (Musher et al. 1997), and adults display a briefer persistence of individual
colonizing serotypes compared to toddlers. Similarly, pre-existing antibody is associated with
briefer serotype colonization (Gwaltney et al. 1975). In total, these findings suggest a role for
capsular antibody in terminating colonization, and that immaturity in responsiveness to
capsular antigens in the young partly underlies their greater rates and longer duration of
colonization by pneumococci.

Although the dynamics of colonization and transmission are complex, they are thought to in
part be related to the higher levels of respiratory viruses circulating in the young. These
transmit efficiently amongst the young, and the respiratory discharges of acute disease may
mobilize pneumococci from the nasopharynx for co-transmission with the respiratory virus.
Evidence for this includes the coincident winter peaks for transmission of both respiratory
viruses and pneumococci, and the appearance of new colonizing pneumococcal strains in
children commonly during respiratory viral infections (Gwaltney et al. 1975). Similarly, co
transmission of rhinovirus and pneumococcus between children has been documented
(Gwaltney et al. 1975). This suggests a possible scenario of a new serotype of pneumococcus
arriving at a time when the respiratory mucosa is damaged by the viral infection, in a child
with possibly no pre-existing antibody to the new capsular type. The resulting inflammation
may perhaps create a niche for the pneumococcus to colonize, or possibly invade. More
recently, rhinovirus infection was found to significantly correlate with colonization by the
pneumococcus, Haemophilus influenzae, and Moraxella catarrhalis in indigenous and nonindigenous children in Western Australia (Jacoby et al. 2007).

The coincidence of a dual viral and bacterial colonization is not restricted however to
children, as colonization studies dating to the 1920’s and 1930’s showed that pharyngeal
colonization by pneumococci and other bacterial pathogens is more frequent during upper
respiratory tract illness than in health generally (Noble et al. 1928; Webster & Clow 1932 both cited by Hament et al. 1999).
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Compared to children, the pneumococcal colonization picture in adults and the elderly is
markedly different. Numerous studies have shown very low rates of colonization in both
adults and the elderly (Hendley et al. 1975; O’Brien et al. 2003; Ridda et al. (NCIRS,
Westmead) unpublished 2009), despite the high rate of invasive disease observed in the
elderly. These findings suggest a resistance to colonization in adults, or that any colonization
is very fleeting and may be missed in point-prevalence surveys, or that they are seldom
exposed to pneumococci.

Antibody probably plays a role in the low rates of adult

pneumococcal colonization. Antibody is more abundant in adults than children (Gwaltney et
al. 1975), and is acquired post colonization, suggesting that people acquire anti-capsular
antibody to a succession of common serotypes throughout their lives. Children are likely an
important source of the pneumococci that generates this antibody. Mixing with children has
long been recognized as a risk factor for adult colonization, and children with upper
respiratory infections may be a greater risk due to more efficient mobilization of pneumococci
into aerosols during acute symptomatic disease. In their survey of community and family
colonization, Regev-Yochay et al. (2004) identified a concurrent upper respiratory tract
infection as the only risk factor for adult carriage of pneumococci, possibly consistent with
episodic adult co-acquisition of both a respiratory virus and a pneumococcus.

1.6

Influences on invasive pneumococcal disease

Pneumococcal disease usually follows seasonal winter peaks and clusters are rare, poorly
understood and seemingly restricted to several serotypes. The ability to cause outbreaks is
dependent on the “invasiveness” of those serotypes. Research has attempted to ascertain the
"invasiveness” of particular serotypes by looking at the distribution of colonizing serotypes,
the duration for which given serotypes colonize, host immune response and finally the
serotype distribution of invasive pneumococcal diseases. It should be noted that whilst some
serotypes may be common causes of invasive disease (at least in the pre-vaccine era) if
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overrepresented in nasopharyngeal colonization, they should not be considered as highly
invasive (as the chance of colonization leading to the development of invasive disease is low).
Conversely, some strains, although rarely seen in colonization are moderate in their frequency
of causing disease and as such these strains are to be considered as highly invasive. Other
serotypes lie somewhere between these two extremes.

Risk factors for Invasive Pneumococcal disease (IPD) include an inability to mount an
adequate antibody response to capsular antigens, as may be the case in asplenia, lymphoid
malignancies, and immune suppression and immunodeficiencies. Chronic renal, pulmonary
or cardiovascular disease, diabetes, alcohol-related problems, cirrhosis, smoking and breaches
of anatomical barriers to the CSF also increase the likelihood of IPD. In children, these same
factors as well as conditions such as Down's syndrome, cystic fibrosis, type 1 diabetes and
premature birth increase the risk for IPD (Australian Technical Advisory Group on
Immunization, 2008).

Colonization of the nasopharynx been shown to be a risk factor in the development of IPD.
There are several serotypes however (1,2 and 5) which are considered highly invasive and
are rarely found in asymptomatic nasopharyngeal or throat carriage. These strains have in the
past been responsible for clusters or small outbreaks of pneumococcal infections, presumably
invading from a respiratory site. Despite not being detected in carriage surveys, these strains
likely do reside at least for a short time in the nasopharynx prior to invading. Serotype 1 has
been detected colonizing toddlers in a childcare centre, possibly replacing strains inhibited by
the 7vPCV in these children (Nunes et al. 2008).

This suggests that this invasive and

uncommonly colonizing strain is able to colonize at least briefly, and that nasopharyngeal
presence is a likely prelude for invasive pneumococcal disease.

Vaccination reduces invasive disease in adults (Cornu et al. 2001; Moberley et al. 2008) and
children (Black et al. 2002; Whitney et al. 2003), warranting its inclusion in national
vaccination programs.
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Vaccination of children also appears to indirectly protect adults against IPD, based on large
US surveys between 1998 and 2001 (Whitney et al. 2003). The reduction in adult rates of
IPD observed in this study tended to be paediatric vaccine serotypes, with smaller reductions
seen in non-vaccine serotypes.

The effect on adult rates was also seen quite soon after

implementation of childhood immunization, at a time of incomplete vaccine coverage of the
children.

The authors suggested that the adult protective effect arises from reduced

colonization in children lessening opportunities for transmission to adults. The vaccination
status of adults in the study was not ascertained, but the reduction in adult rates of IPD likely
occurred against a background of 23vPPV vaccination.

Weather correlations with IPD have been examined in several studies. Inverse correlations
between IPD incidence and both mean minimum daily and mean maximum daily
temperatures have been detected (Kim et al. 1996; Watson et al. 2006). Working in Texas,
Kim and co-workers (1996) also found partial temporal associations between, (concurrent
peaks of) aeroallergens (fungal spores and grass pollens) and air-pollutant S02 with IPD in
children and adults.

Respiratory viral infections have long been suspected of association with IPD. The evidence
linking the two arises from the long recognition of the coincident winter peaks for IPD and
respiratory viral infections (Jarstrand & Tunevall, 1975). Presently the evidence linking the
two comes from studies into infection, serology work, and from animal models.

A number of studies document simultaneous infection between bacteria and viruses, or
instances where viral respiratory infection predisposes for subsequent bacterial infection.
Pneumococci were found to be the most common cause of bacterial superinfection during
influenza epidemics in Denmark (Jarstrand & Tunevall 1975), and a case-control study
implicated a prior influenza-like illness as more common in paediatric patients with
pneumococcal pneumonia than in the control group, who did not report recently having had
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influenza-like symptoms, during an outbreak of pneumococcal pneumonia in Iowa (O'Brien et
al. 2000). Other viruses may also play a similar role. Studies involving paediatric patients
showed respiratory syncytial virus (RSV) and pneumococcal co-infection (Timmons et al.
1987), and mixed infections involving RSV and either adenovirus, pneumococci,
cytomegalovirus or Pneumocystis carinii (Tristram et al. 1988).

Whether any virus

predominates in this effect however is unclear. Influenza and RSV are most prominent in
studies, but 2 large studies involving patients of all ages differ as to which virus bears
strongest correlation with IPD. Kim et al. (1996) found no correlation between influenza
infection and IPD in children, in contrast to O'Brien et al. (2000). Watson et al. (2006) also
found no correlation for influenza, but rather that RSV correlated with IPD in children. For
adults, Kim et al. (1996) found stronger associations with both influenza and RSV each
associated with IPD, whereas Watson and co-workers (2006) found that influenza and RSV
correlated when combined, but not individually.

Broadly, these studies implicate viral

infections as probably the most important exogenous risk factor for IPD, though weightings
for different viruses may vary due to seasonal incidence.

Animal and in vitro adhesion studies suggest that viral respiratory infection may augment, or
intensify concurrent pneumococcal infection. Pneumococcal bacteraemia was more common
in mice co-infected with RSV compared to controls, especially when both agents were
inoculated together (Hament et al. 2005). Similarly, pneumococci instilled into the noses of
mice were able to reach the lower respiratory tract and produce a purulent inflammation in
mice pre-infected with influenza virus, but not in controls (Takase et al. 1999).

These

findings may be attributable to enhanced pneumococcal adhesion to respiratory epithelia
during viral infections.

Several respiratory viruses, including rhinoviruses, influenza and

RSV, enhance the adhesion of pneumococci to human primary and immortalized cells in vitro
(Ishizuka et al. 2003; Hament et al. 2004; Avadhadula et al. 2006). Pneumococcal adhesion
is likely enhanced by influenza virus neuraminidase activity, as the bacterium binds to
respiratory asialoglycoproteins (Krivan et al. 1988). Enhanced adhesion therefore appears to
be an important element which augments pneumococcal disease during viral co-infection.
14

Consistent with this, the neuraminidase inhibitor oseltamivir (Tamiflu) reduced the severity of
pneumococcal pneumonia, and improved survival in a mouse model of pneumonia secondary
to influenza infection (McCullers et al. 2003; McCullers et al. 2004).

1.7 Antibiotic resistance in pneumococci epidemiology and clinical significance
Antibiotic resistance and reduced susceptibility in the pneumococcus is the result of point
mutations in antibiotic target genes, and the homologous recombination of low affinity
penicillin-binding protein (PBP) genes from closely related species of viridans streptococci.
The natural ability of the organism for genetic transformation likely contributes to the
emergence of resistant phenotypes.

Antibiotic resistance and reduced susceptibility is particularly a feature of "paediatric strains"
and "non-invasive" isolates of S. pneumoniae. These strains tend to be common paediatric
colonizers, and therefore the strains more likely to be exposed to antibiotics when children are
treated, and to co-colonizing oropharyngeal viridans streptococci.

By implication, these

strains are likely readily transmitted, especially between children.

Colonization studies in Europe and the USA identify the most common paediatric colonizing
strains as 6A, 6B, 9V, 14, 18C, 19F and 23F (reviewed by Bogaert et al. 2004). All of these
strains are associated with antimicrobial resistance, with 6B, 9V, 14, 19F and 23F most highly
antibiotic resistant (Dagan 2009). Additionally, all of these strains are covered in the 7vPCV.

Pathways to antibiotic resistance in pneumococci include single point mutations and the
acquisition of mosaic genes. Point mutations in the dihydrofolate reductase gene, and in parC
and gyrA genes are associated with resistance to trimethoprim and the fluoroquinolones
respectively (Klugman 2002). Point mutations in PBP genes are also associated with the loss
of susceptibility to (3-lactams. Additionally, penicillin and cephalosporin resistance has been
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acquired via the construction of mosaic PBP genes comprising both pneumococcal sequences,
and code derived from closely related viridans streptococci.

In this instance, exogenous

sequence has been incorporated by homologous recombination to yield low affinity, mosaic
PBP genes in (3-lactam resistant strains (Dowson et al. 1989; Laible et al. 1991). This finding
is consistent with multilocus sequence typing (MLST) studies that show that recombination
events are more common in S. pneumoniae than mutation events (Fell et al. 2000).

In

addition, S. pneumoniae may confer antimicrobial resistance genes as well as acquire them, as
evidenced by the apparent transfer of fluoroquinolone resistance genes to Streptococcus oralis
and Streptococcus mitis (Ip et al. 2007).

Clinically, antibiotic resistant strains are more frequently isolated from sites associated with
"non-invasive" disease. These include the eye, ear and respiratory tract, as opposed to the
sterile sites of invasive disease which include blood, CSF, pleural effusions and joint
aspirates. In 2005, the respective Australian rates for non-susceptibility of isolated strains
from non-invasive as opposed to invasive sites were penicillin 30.6%, 16.5%; erythromycin
24.6%, 15.1%; clindamycin 18.3%, 5.4%; tetracycline 21.3%, 6.3% and trimethoprimsulphamethoxazole 32.2%, 25.6% (Gottlieb et al. 2008). These findings represent a
substantial rate of non-susceptibility to antibiotics in clinical isolates in Australia. Similar
rates are likely in colonizing strains, given that colonization precedes infection.

Of the resistant strains isolated clinically in Australia, most are covered by the current
vaccines. In 2005, 80% of isolates with reduced susceptibility to penicillin were covered by
the 7vPCV, and 92% by the 23vPPV (Roche et al. 2007). In 2006, the equivalent coverage
was 67.4% and 95.7% (Roche et al. 2008).

1.8

Strain Replacement and genetic variability in
S. pneumoniae
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The present vaccine prophylaxis strategy against S. pneumoniae is based on the rationale of
eliciting protective antibody against those capsular serotypes most commonly associated with
invasive disease. This represents a classical approach that has worked well against other
pathogens, but which may not prove entirely satisfactory in the long term against S.
pneumoniae. Potential impediments to success include the existence of more than 90 capsular
serotypes, and the likelihood that while some strains and serotypes will likely remain stable,
others will not.

Targeting the common invasive serotypes unavoidably omits those that are less frequent.
Strains not covered by vaccines however are able to cause disease (Eriksson et al. 2000;
Hoffman et al. 2003; Pelton et al. 2007), which may necessitate extending the existing
7vPCV to cover additional serotypes. In Australia, booster vaccination with the 23vPPV at
18-24 months of age is recommended for high risk Aboriginal and Torres Strait Islander
children to extend serotype coverage (Australian Technical Advisory Group on Immunization
2008).

Capsular serotype replacement also may circumvent immunization. Serotype replacement has
been reported for both colonizing and invasive strains in S. pneumoniae. Vaccination affects
colonization, and reduces the carriage of vaccine strains in pre-schoolers. Thereafter, non
vaccine strains colonize at greater rates (Obaro et al. 1996; Mbelle et al. 1999; Dagan et al.
2002). Altering colonizing populations is significant, as colonizing strains are genetically
indistinguishable from invasive strains of the same capsular type (Muller-Graf et al. 1999),
such that changes in colonizing strains will likely predict changes in invasive strains (Hanage
2008). In invasive disease, the non-vaccine 19A serotype has become prominent in children
in Massachusetts (Pelton et al. 2007). Similar observations have been made in Alaskan native
children with high rates of 7vPCV coverage, where IPD from vaccine strains markedly
declined, but disease from non-vaccine strains, including 19A, markedly increased (Singleton
et al. 2007). Strain replacement has also been reported amongst isolates in acute otitis media
following introduction of the 7vPCV (Posfay-Babe & Wald 2004).
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For some pneumococcal capsular types, knowledge is poor on the effect of vaccination on
colonization, or strain replacement. Types like 1, 2 and 5 are rarely isolated in colonization
studies, but are of sufficient clinical significance to be included in the 23vPPV. Colonization
by these types probably occurs, and is probably a pre-requisite to invasion, but may well be
quite brief. Serotype 1 was detected as a colonizer of immunized children in day-care centres,
possibly due to strain replacement. The duration of its carriage was not ascertained (Nunes et
al. 2007), but it may have been prolonged as part of a strain replacement process. The isolate
itself was a single clone, and fully antibiotic susceptible (Nunes et al. 2007), suggesting that
types that colonize poorly, and thus have little interaction with other nasopharyngeal
commensals, may have fewer opportunities to acquire resistance genes or to genetically
diverge.

Strain replacement may beneficially reduce the reservoir of antibiotic resistance genes. The
strain-replacing serotype 1 reported by Nunes et al. (2007) was fully susceptible, and
similarly lower rates of antibiotic resistance should appear in colonizing strains if the
comparatively resistant "paediatric" strains (Bogaert et al. 2004) are supplanted by more
antibiotic-susceptible non-vaccine strains (Gherardi et al. 2009).

The ability of pneumococci to transform and recombine genetically in both an intra- and
inter-species fashion also acts against the protection afforded by vaccines of restricted
valency.

The organism has the ability to exchange genetic material with viridans

streptococci, as evidenced by the pneumococcal mosaic PBP genes which contain sequence
derived from both viridans streptococci and pneumococci, and which confer penicillin
resistance (Dowson et al. 1989; Laible et al. 1991), and the presence of pneumococcal
autolysin and pneumolysin genes in streptococci which are not pneumococci, but which
speciate as S. mitis on genetic and phenotypic criteria (Whatmore et al. 2000). Similarly, the
existence of "atypical pneumococci" which exhibit features seemingly derived from both
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pneumococci and viridans streptococci (Whatmore et al. 2000), is consistent with genetic
exchange between these organisms.

Capsular serotype "switching" is now well established for pneumococci, and this also bears
on the ability of vaccines to protect.

Switching occurs when a strain loses its capsular

identity, and expresses a new capsular type. Reports include the acquisition and expression of
serotypes 9N, 14, 19F and 3 genes by a 23F recipient (Nesin et al. 1998), recombination of a
serotype 14 gene and a PBP gene into a 9V clone (Coffey et al. 1999), a switch to serotype 1
from 18C (Pichon et al. 2009) and the acquisition of both serotype 19A and a penicillin non
susceptibility gene by a capsular serotype 4 strain (Brueggemann et al. 2007). Some of these
events may have occurred under vaccine selection pressure, and it is concerning to see that
serotype 1 can act as a source of genes for transformation, despite being rarely detected in
colonization studies. In the study by Nesin et al. (1998), the putative donor and recipient
strains, as well as the recombinant were all isolated from the throat of a single child,
suggesting that genetic exchange and recombination occurs between co-colonizing
nasopharyngeal strains in close proximity. Several of the recombinant strains described to
date can be considered to be "vaccine escape recombinants", and beyond the reach of the
current 7vPCV.

1.9

Study intent

The study firstly sought to establish the extent and serotype distribution of S. pneumoniae
colonizing strains in western Sydney children prior to the implementation of a universal
childhood 7vPCV vaccination in 2005. This data would then serve as a baseline against
which any perturbations to the colonizing epidemiology of the pneumococcus attributable to
7vPCV might be compared.
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The study will also assist the understanding of the dynamics of colonization, and possibly
IPD, in different age groups in the community. Studies also in western Sydney involving the
author show scant colonization of elderly adults with pneumococci (Ridda et al. manuscript in
preparation). The incidence of IPD however increases in the elderly, necessitating that the
source of these invasive strains be identified. Children may represent the source, and the
study will isolate, store and identify those strains present in children during the study period.
It will then be possible, in time, to compare these archived colonizing strains with those
isolated from patients with IPD. Strains will be able to be matched by MLST, antibiogram,
serotype, temporally and possible spatially to seek epidemiological links between child
nasopharyngeal colonizers and the invasive isolates referred to the pneumococcal reference
laboratory at the ICPMR, Westmead Hospital.

The study was able to establish antimicrobial susceptibility and resistance patterns in the
organisms isolated from these children. Children likely represent the reservoir of resistant
pneumococci, and changes to these resistant commensals may be mediated by the universal
7vPCV. Surveys of these resistant strains help understand their role in IPD attributable to
antibiotic-resistant strains.

The study sought to establish whether concurrent viral infection is associated with the
presence of nasopharyngeal pneumococci. Viral infection has long been regarded as a risk
factor for IPD, but whether symptomatic infection facilitates transfer of colonizing strains of
pneumococci is unknown. Both acute respiratory viral infections, and pneumococcal
colonization are common in children, with the possibility that symptomatic infection may co
mobilize pneumococci and the infecting virus into aerosols for transmission to others.

The study also investigated the RLB technique as a epidemiological tool for pneumococcus.
The complexity of pneumococcal biology, and the genetic plasticity the organism possesses
necessitate exacting tools for epidemiological tracking and typing. Serology has been the
mainstay for capsular polysaccharide typing of pneumococci, but serological methods have
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degrees of inherent subjectivity in their interpretation, and may struggle on detecting fine
antigenic differences between different capsular types. Molecular methods like the RLB
potentially offer low subjectivity in interpretation, and a superior detection of mixed capsular
types. MLST has become the standard typing technique for pneumococci, having evolved
from earlier techniques like RFLP and MLEE (Enright et al. 1998), and the RLB method
should offer an equivalent level of discrimination in capsule typing, although it must be
mentioned that the RLB can not discriminate between sequence types, which is necessary in
determining clonality. This is particularly useful in cases of suspected outbreaks, such as can
occur with serotype 1.
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2.0 METHODS

2.1 Subjects and Specimen Collection

2.1.1 HREC approval

Dispensation was obtained for the study, based on its de-identified nature, using specimens
taken for routine diagnostic purposes, and with the study findings having no bearing on the
diagnosis or prognosis of the patients, or their relatives.

2.1.2 Inclusion and exclusion criteria

Included are all children attending The Children’s Hospital at Westmead (CHW) with
suspected acute respiratory viral infections that will have nasopharyngeal aspirates (NPAs)
collected for respiratory viral culture and direct immunofluoresence within 48hours of
admission. The study duration will be from early 2004 to late 2005. Only children 5 years of
age and younger will be included in the study. Exclusion of a patient from the study will
occur in cases of extended exposure to the hospital environment or hospital admission children who have been admitted to CHW for greater than 48 hours or discharged within 7
days from CHW or another hospital will be excluded. Children with previously positive
specimens collected within 1 month of the original specimen are also to be excluded. Any
such specimens were detected prior to de-identification and testing.
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2.1.3 Statistical Analysis

Data variables were analyzed for association using a two-tailed Chi-squared test with Yates
correction (http://www.graphpad.com/quickcalcs), and by multiple binary logistic regression
for contribution of binary covariate factors to a binary response, in all instances the presence
of S. pneumoniae (SPSS version 17.0.0, SPSS Inc. 2008).

2.1.4 Method for collection of Nasopharyngeal Aspirates

Nasopharyngeal aspirates are collected routinely in children suspected of having respiratory
viral infections (testing is by direct immunofluoresence and viral culture). Clinical staff at
CHW use a standardised method to collect NPAs in which a catheter is inserted nasally into
the posterior nasopharynx. Suction is applied as the catheter is slowly withdrawn and the
aspirate is washed through the tubing or trap with sterile saline.

2.1.5 Storage of Nasopharyngeal Aspirates

NPAs were stored and cultured in batches, in order to limit experimental variables and help
standardize results. Samples were cultured for the four target bacterial types and any isolates
were tested for antibiotic susceptibility, serotype, molecular type etc. The method of storage
used was freezing an aliquot of the NPA in skim milk with glucose and glycerol medium
(SMG) at -80°C. An equal volume of specimen was added to the storage media. This method
is used by other researchers in Australia and has been validated locally by a trial using deidentified samples which were cultured immediately and after several months of freezing in
SMG, showing no decrease in recovery of colonizing bacterial isolates.
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2.2 Laboratory Investigations

2.2.1 Respiratory viral studies

Virological investigations were routinely performed by staff from the virology department at
The Children’s Hospital at Westmead, prior to de-identification and archiving of
nasopharyngeal aspirates for future inclusion in this study. Direct immunofluorescent
antibody testing (DFA) (a 7 virus panel) and culture (rapid and standard methodologies for
DFA negative samples) form the basis of protocols. Viruses detected by DFA are respiratory
syncytial virus (RSV), influenza viruses (influenza A and influenza B), parainfluenza viruses
(1, 2 & 3) and adenoviruses. Routine viral culture also affords the ability to detect other
viruses including rhinoviruses. However, there are many limitations both in terms of viruses
which are not targeted (like coronavirus and also at the time, human metapneumovirus) and a
plethora of rare, or unknown viruses which may be responsible to respiratory symptoms or are
loosely associated with them. This needs to be kept in mind when comparing those with a
virus detected to those without.
Standard operating procedures are adhered to (appendix 2) and there are several reporting
conditions that the virology dept follow that are worthy of note;
•

2 or more positive cells/cell spots must be detected to be considered DFA positive

•

25 or more epithelial cells/cell spots must be seen for the sample to be sufficient for
DFA testing.

•

Samples which don’t fit these criteria are resulted as quantity not sufficient for
testing. These were excluded from the study.
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2.2.2 Culture methods

Specimens stored in SMG were recovered from the freezer and allowed to thaw. Following
thorough mixing, a drop is placed onto each of the 6 primary plates listed below, and also into
a bijou bottle of brain-heart infusion broth - a non selective media for general enhancement of
bacterial growth. . Brain-heart infusion broths were subcultured at 18 hours onto blood agar
with and without gentamicin with an optochin disc. Inoculated plates were incubated at 35°C
with 5% C02.

Plates were read after 24hr and 48hr incubation.

This method provides

adequate recovery of the four bacterial types in this study. The media used for the isolation of
these organisms was as follows;

Chocolate agar with and without bacitracin for culturing H. influenzae (Winn et al. 2006);
mannitol salt agar (MSA) with and without oxacillin for isolating S. aureus and MRSA; blood
agar with and without 5% gentamicin with an optochin disc for culturing S. pneumoniae
(Winn et al. 2006); The same blood agar was used to isolate M. catarrhalis.

Suspect colonies for each of the target bacteria were sub-cultured to suitable media and basic
laboratory testing was performed the following day to confirm the identification of isolates as
follows;
For confirmation of S. pneumoniae, a-haemolytic draughtsman colonies and mucoid or
viridans variants were sub-cultured to blood agar with an optochin disc. Those which proved
sensitive to optochin were then tested for bile solubility. A heavy suspension of the bacteria
was made in 2ml of saline and then divided into two test tubes (test and negative control
tubes), to the test 3 drops of sodium desoxycholate was added with the control left blank. S.
pneumoniae isolates will lyse and the test will show marked clearing compared to the blank
control. Positive isolates are then serotyped and archived.

For isolation of H. influenzae suspect colonies from the chocolate agar plates with and
without Bacitracin were subcultured to chocolate agar. XV factor dependence was shown
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with subculture to satellitism plates with X, V and XV factor containing discs. Growth is
observed only around the XV discs. Isolates were also subcultured to blood agar with a streak
of S. aureus to show that they exhibit satellitism (significantly enhanced growth close to the
Staph streak). A selection of confirmed isolates were serotyped (principally to exclude H.
influenzae (HiB)) and stored.

For isolation of S. aureus suspect colonies were subcultured to blood agar. Pure cultures were
gram stained and then tested for catalase activity. Positive isolates were tested with S. aureusspecific latex and subcultued to dnase plates. After incubation, clearing of the agar following
the addition of HC1 demonstrates dnase activity. Confirmed isolates were stored.

Yellow

colonies on MSA show the test organism to ferment mannitol and be tolerant of salt. This
combined with the above confirms the isolate as S. aureus. In addition to this if the organism
grows well on MSA plus oxacillin, a presumptive identification of methicillin resistant S.
aureus (MRSA) is made.

In isolating M. catarrhalis, typical looking colonies were subcultured to blood agar. On
subculture these isolates were touched with a loop to show that they exhibit typical “hockey
puck” movement of the colony across the agar, without disintegration of the colony structure,
typical of the species. Those isolates which did were tested for glucose fermentation and
Tributyrin hydrolysis (which should be negative and positive respectively).

Confirmed

isolates were stored.
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2.2.3 Pneumococcal serotyping - phenotypic methods

S. pneumoniae isolates were serotyped by the Quellung reaction using rabbit polyclonal
antisera from the Statens Serum Institut, Copenhagen, Denmark. The Quellung reaction is an
immunological process whereby specific antibodies bind to capsular polysaccharide antigens
of S. pneumoniae and the process is observed microscopically. As a result of this antigen
antibody combination, and subsequent precipitation of the large, complex molecule formed,
the capsule appears to swell, because of increased surface tension, and its outlines become
clearly demarcated. (Quellung is German for "swelling”). The Quellung reaction is a multi
step process in which isolates are first screened against pooled antisera specific to numerous
serogroups or serotypes. Following this, serogroup and serotype specific antisera are tested
along with factor antisera if required. There are >90 known serotypes and the complete set of
antisera necessary for serotyping was made available for this study. Antisera are quality
controlled with 90 reference serotype strains purchased from Statens Serum Institut.

2.2.4 Pneumococcal genotyping

Principles of mPCR/RLB

The multiplex PCR/ reverse line blot assay (mPCR/RLB) molecular typing method described
is based on the non-radioactive hybridisation of up to 43 S. pneumoniae serotype/serogroupspecific probes with 43 mPCR products of S. pneumoniae isolates in a single multiplexed
assay. In RLB the probes are applied in lines using a miniblotter and are covalently bound to
a carboxyl group of the membrane by a 5’ terminal amino-linker which also allows
membranes to be stripped and reused repeatedly.
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Slots of the miniblotter, which is placed perpendicular to the probe lines, are injected with
biotin labeled multiplex polymerase chain reaction (mPCR) products. In this way the different
S. pneumoniae serotypes which were simultaneously amplified by mPCR can each hybridise
at the cross-sections of the line containing the serotype specific oligonucleotide probes.

After washing the membrane to remove unbound polymerase chain reaction (PCR) products,
the hybridized PCR products can be visualized using Streptavidin labeled with an enzymatic
label, horseradish peroxidase and enhanced chemiluminescence (ECL). The biotin label is
detected by incubation with Streptavidin which results in a reaction producing light and can
be detected on an X-ray film. After development of the film, dark spots occur at the sites
where serotype-specific probes and mPCR products hybridized and the S. pneumoniae
serotype can be identified. This type of blot is referred to as reverse line blot.

The mPCR/RLB system can correctly identify the 90 S. pneumoniae serotypes but can not
distinguish some from closely related members of the same serogroup (6B/6A; 7F/7A;
9N/9L; 9V/9A; 10A/10B; 11 A/1 ID; 15B/15C; 22F/22A) or, less commonly, different
serogroups (12/44/46; 33F/33A/37), which share the same or similar capsular polysaccharide
polymerase gene (vvzy) sequences. These cross-reactions are reproducible and can be resolved
using conventional factor serotyping for final identification of serotypes.

mPCR/RFB may offer an alternative for serotyping S. pneumoniae when rapid results are
required for a big batch of isolates and for epidemiological purposes. The method is in
particular useful to simultaneously detect and type S. pneumoniae complex serotypes in
clinical samples.

Primers

Two species-specific primer pairs, targeting pneumolysin gene {ply) and autolysin gene (lytA)
are included. Primer pairs specific for 24 common serotypes are used. (Appendix 1.)
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mPCR

Table 3. mPCR Components
Components

Single PCR

x45 Master Mix

H20

14.6 pi

657 pi

lOxbuffer

3 pi

135 pi

25mM MgcE (25mM stock)

4.2 pi

189 pi

2.5mM dNTPs

2.4 pi

108 pi

Primer mix*

3.6 pi

162 pi

Hotstar™ Taq polymerase (5U/pl)

0.2 pi

9 pi

Total

28 pi

1260 pi

* Each PCR reaction contains 0.075 pi of each forward and reverse primer

The final concentration of reagents in the PCR is: lx PCR buffer [10 mM Tris.HCl (pH 8.3);
1.5

mM Mg C12; 125 pM deoxynucleotide triphosphate (dNTPs); 100 pmol pE1 forward and

reverse primers; 1 U Qiagen Hotstart™ Taq polymerase.

The thermal profile for S. pneumoniae mPCR is as follows.
1.

95°C, 15 min.

2.

94°C, 30 sec; 55°C, 30 sec; 72°C, 1 min (rpt 34 cycles)

3.

72°C, 10 min

The last cycle is a lengthened extension step at 72°C for lOmin to allow PCR amplicons to be
fully extended. The cycler then cools to 22°C and remains at that temperature until being
switched off.
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Notes:
PCR products can be used immediately, but can also be stored at -20°C to be used later.

Hybridization of mPCR product with probes and detection

Hybridization of the biotin-labeled mPCR products is to the immobilized S. pneumoniae
serotype-specific probes that represent specific wzy genes of known sequence. The presence
of serotype-specific sequences of wzy is visualized on film as black squares after incubation
with Streptavidin-peroxidase and ECL-detection.
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Reading membranes post hybridization

Results for a single isolate are read down a column, perpendicular to the probes.
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Figure 2.1 Example of RLB membrane.
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2.2.5 H. influenzae serotyping

Limited serotyping was performed using agglutinating antisera from Murex Diagnostics Ltd,
as per manufacturer’s instructions.

2.2.6 Storage of isolates

All isolates were stored for further typing by freezing an overnight culture in skim milk with
glucose and glycerol (SMG) media at -SOX'. This is a proven method used routinely in
clinical microbiology laboratories.

2.2.7 Susceptibility testing

Sensitivity testing of S. pneumoniae was performed using Clinical and Laboratory Standards
Institute (CLSI) disc diffusion and E-test methodologies on a standardized batch of sheep
blood Mueller-Hinton agar. (Acumedia Mueller-Hinton agar base Lot: 0305-138 expiry
06/06.)

Oxacillin E tests were used to confirm the sensitivities of isolates of S. aureus suspected to be
methicillin resistant.
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3.0

Results

3.1 Preliminary

Whilst seven hundred and twenty eight specimens were collected during the extended study
period, 233 of these did not qualify for inclusion, leaving 495 paediatric nasopharyngeal
collections. Three hundred and ninety seven collections were included in the study from 2004
(onwards from the 22nd of March), whilst 98 were included from the entire year of 2005. Of
these, 162 were positive for S. pneumoniae (134 and 28 from 2004 and 2005 respectively).
Three hundred and forty two collections were culture positive for at least one of the other
target bacterial colonizers (284 from 2004 and 58 from 2005). Respiratory viruses were
detected in 260 collections in total (197 in 2004 and 63 in 2005).

It should be noted here that although 2005 was a lean year for the collection of NPAs at
CHW, no change to inclusion criteria or protocols was exercised. Exclusion criteria were
necessary to limit the possibility of including hospital acquired infections, as is known to
occur, for example, with RSV. Two hundred and ninety one subjects were male, 204 were
female. One hundred and thirty patients were less than 6 months of age, 256 were from 6
months and older to less than 2 years old and the remaining 109 subjects were aged 2 to 5
years old.

These age ranges were chosen to give good resolution within the dataset, to approximate
events in early childhood and for comparison to other studies. No standard age ranges exist
(Australian Bureau of Statistics (ABS) 2009). The study was prior to universal vaccination,
so the less than 6 months age group corresponds to infants who now receive the 7vPCV at 2,
4 and 6 months of age. The 2-5 year grouping approximates pre-schoolers. The two study
groups under two years of age can be combined for comparison to recent studies on invasive
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pneumococcal disease in Australia which distinguish children into age groups of less than 2
years old and 2 to 14 years (Roche et al. 2007; Roche et al. 2008).

Figure 3.1. Study subjects by age and gender (number of participants)
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3.2 Bacteriology and virology

3.2.1 Bacterial Colonization

Seventy nine percent of samples collected were culture positive for at least one of the target
colonizing bacteria (S. pneumoniae, H. influenzae, S. aureus, MRSA or M. catarrhalis).
Many of these had several of the organisms present. Both males and females showed a
colonization rate of 79 percent and there were not major differences between age groups with
78 percent - 81 percent colonization for each of the three (Figure 3.2). Data is not included
however the excluded children also showed high rates of bacterial colonization and viral
infection.
i

;
■ Male

■ Female

■ All

100

<6m

>6m-<2y

>2y

All ages

I

Figure 3.2 Colonization by age and gender (percent colonized with S. pneumoniae, H.
influenzae, M. catarrhalis, S. aureus or MRSA)
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3.2.2 Respiratory virus detection

Whilst all children in the study were exhibiting respiratory viral symptoms, not all had a virus
detected in laboratory testing. Fifty three percent of all patients (260) had a respiratory virus
detected either by immunofluoresence or viral culture (54% of males, 50% of females). The
rate of viral positivity decreased slightly with age (61% for those less than 6 months of age,
53% for the 6 month to less than 2 years age group and 42% for those aged 2-5 years -Figure
3.3). This may be due to either higher rates of respiratory viruses in the young, , sample
collection problems with older children or the types of viruses targeted in laboratory testing.

RSV was the most commonly isolated virus (148; or 57% of total viruses), followed by
rhinoviruses (16.1%), adenovirus (11.5%), influenza A (7.3%), parainfluenza 3 (4.2%),
parainfluenza 1 (2.3%), echovirus (1.1%) and enteroviruses (0.8%). Only once was influenza
B detected.

Interestingly, only ever were single viruses detected in these patients. While this does not
mean co-infection can not or does not occur, it seems uncommon in this group. This can
perhaps partly be attributed to the methodology used in the virology laboratory whereby
samples positive for direct immunofluoresence are not cultured.

Minor populations of

secondary viruses could potentially be missed.
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■ Male

58

56

<6rn

■Female

m

All

58

>6m-<2y

>2y

All ages

Figure 3.3 Percent of children in whom a respiratory virus was laboratory confirmed (RSV,
influenza A/B, adenovirus, Enterovirus & rhinovirus).

3.2.3 Influence of viral detection on bacterial colonization

A greater proportion of samples positive for any respiratory virus were also culture positive
for one or more of the target colonizing bacteria. Overall the colonization rate was 76% for
virus negative samples rising to 83% for those samples in which a virus was detected. This
pattern was seen in each of the age groups, to a varying extent.
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Figure 3.4 Bacterial colonization rates (percent positive) with respect to the presence of viral
infection (by age and gender).

3.2.4 Pneumococcal colonization

One third of all subjects were colonized with S. pneumoniae (33% in total, 30% of males and
37% of females). Colonization rates were highest in the >6m to <2y age group (39% for both
male, female and overall). This was a markedly higher colonization rate compared to <6m age
group (15% for males, 34 percent for females and 21% overall). Rates of colonization with S.
pneumoniae were lower in the >2y age group at 32% (27% for males and 37% for females).
Interestingly, in only one nasopharyngeal aspirate were multiple serotypes of S. pneumoniae
detected, and only by genotypic methods. Other colonization studies, in settings such as in
healthy children in child care centres, have identified mixed serotype colonization to a greater
extent in the past.
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■ Total

>2y

All ages

Figure 3.5 Colonization with S. pneumoniae (percent colonized by age and gender)

3.2.5 Haemophilus influenzae colonization

There was a similar distribution for colonization with H. influenzae as with S. pneumoniae.
Overall, the colonization rate was 34% (35% for males and 33% for females). The rate was
highest in the >6m to <2y group with 46% colonization (44% for males and 50% for females),
and lowest in the <6m group (21% overall with 27% of males and only 7% of females
colonized). The rate in the >2y group was 22% (24% for males and 22% for females).
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■ Male

■ Female

■ All

50

<6m

>6m-<2y

>2y

All ages

H. Influenzae

Figure 3.6 Colonization with H. influenzae (percent colonization by age and gender)

3.2.6 Staphylococcus aureus colonization

Colonization distribution for S. aureus was quite different to H. influenzae and S.
pneumoniae. Rates were very high in the youngest patients and significantly lower in the
older age groups. Colonization rates peaked at 45% in the <6m age group (51% for males,
34% for females) with just 20% colonization in the >6m to <2y age group (20% for males and
19% for females).

Rates in the >2y group were just 15% (14% for males and 15% for

females).
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Figure 3.7 Colonization with S. aureus (percent colonization by age and gender)

3.2.7 MRSA colonization

The rate of colonization with methicillin resistant S. aureus was very low. There did seem to
be a slightly higher rate with older age groups, for both males and females, but overall the rate
was only 3% (1% for males and 4% for females).
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■ Male

■ Female

■ All

>6m - <2y

All ages
MRSA

Figure 3.8 Colonization with MRSA (percent colonization by age and sex)

3.2.8 Moraxella catarrhalis colonization

Again, the colonization distribution of M. catarrhalis was very similar to that shown by S.
pneumoniae and H. influenzae.

Overall rates were 37% (36% for males and 38% for

females). The highest colonization rate was 46% in the >6m to <2y group (48% for males
and 45% for females). For the <6m age group the colonization rate was 27% (males 25%,
females 32%) and in the >2y age group the rate was 28% (males 22%, females 32%).
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Figure 3.9 Colonization with M. catarrhalis (percent colonization by age and sex)

3.2.9 Capsular type of pneumococci by serological and molecular methods

Assignation of a capsular type to pneumococci is considered essential in epidemiological
studies of the pneumococcus, and pneumococcal diseases. Immunological responses are
largely serotype specific.

The inclusion here of a molecular method for serotyping, the

multiplex PCR/reverse line blot (mPCR/RLB), allows for a comparison of methods. The
mPCR/RLB promises the ability to more readily detect mixed serotype colonization, should it
exist. Interestingly, this was found to be the case only once in this study.

All discrepant results (those where Quellung reaction assigned a different serotype to the
mPCR/RLB) were resolved. In each case the molecular method was found to be correct,
highlighting its lesser subjectivity. For one isolate a serotype of 23F was assigned with
conventional serotyping. The molecular method assigned serotype 6B/6A. On repeating the
Quellung reaction this was found to be correct. Another, which was non-typeable by the
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Quellung reaction was found to be serotype 4 with the RLB. Re-checking the Quellung found
this to be correct. A weak pool reaction is most likely for this discrepancy. In a third
discrepancy, an isolate which was recorded as non-typeable, but possibly a serogroup 33 (a
weak reaction was seen) was found to be serotype 33F/33A by mPCR/RLB. This was likely a
poorly capsulated strain.

The rate of error using the Quellung reaction was however,

extremely low (1.85% of isolates), and only in one case was an actual serotype incorrectly
assigned (0.62% of isolates). The mPCR/RLB clearly has its advantages including time and
cost savings for batched serotyping of moderate to large numbers of isolates, and the potential
for detection and serotyping direct from samples. Here it should also be noted that in the one
example of a specimen that showed mixed serotype colonisation, the mPCR/RLB was the
only method sensitive enough to detect this. Repeat culture and colony selection was
performed subsequently and the minor serotype was able to be identified readily by the
Quellung reaction. This is a limitation of the sensitivity of reading cultures, and not the
Quellung reaction itself.

It is expected that widespread vaccination will alter not only the distribution of invasive
disease, but also the distribution of colonizing serotypes, as they are the reservoir of invasive
disease. Sixty three percent (males 66%, females 59%) of S. pneumoniae strains isolated
were strains whose serotype is included in the heptavalent pneumococcal anti-capsular
polysaccharide conjugate vaccine (7vPCV) (Serotypes; 4,6B,9V,14,18C,19F & 23F). 7vPCV
serotypes accounted for only 48% of colonization in those <6m of age (males 54%, females
43%). In the >6m to 2y age group coverage was 64% (males 68%, females 58%). Coverage
was highest in the >2y age group to 71% (males 69%, females 73%). This high rate was in
part attributable to the overwhelming dominance of one serotype, serotype 19F.
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Figure 3.10 Percent of nasopharyngeal colonizing S. pneumoniae strains which are covered
by the heptavalent conjugate vaccine

3.2.10 Serotype Distribution of Colonizing Pneumococci

Twenty one of the >90 known serotypes were isolated in the study. Six to eight common
serotypes accounted for the vast majority isolates with 19F by far the most common. The rest
of the serotypes identified were only of a single or several isolates in total. 7vPCV serotypes
are marked by an asterisk in following figures.
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■ Total (vaccine serotype*)

49

14 13 13

Figure 3.11 The most frequently isolated S. pneumoniae serotypes (total)

3.2.11 Commonest pneumococcal serotypes (<6m of age)

Serotype 19F was the most common (14 isolates), followed by serotype 19A (6 isolates, a non
vaccine serotype). Serotypes 15B, 15C (2 isolates each) and serotype 18C (1 isolate) were
also represented.

■ Total (vaccine serotype

Figure 3.12 The most commonly isolated S. pneumoniae serotypes (total number <6m of
age.)
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3.2.12 Commonest pneumococcal serotypes (>6m - <2y of age)

Serotype 6A (a non vaccine serotype) was the most common (17 isolates). Serotypes 6B, 14
and 9V were all common (13, 13 and 10 isolates respectively). There were 6 isolates of
serotype 3, 5 of serotype 19F and all other serotypes had 3 or less isolated. There were four
non-typeable strains.

■ Total (vaccine serotype*)
17
14

23F* 6B* 14* 9V* 19F* 4*

6A

3

NT

35F 23A 15B 11A 35B 16F 22F 12F 10A

Figure 3.13 The most commonly isolated S. pneumoniae serotypes (total number >6m - <2y
of age.)

3.2.13 Commonest pneumococcal serotypes (>2y of age)

Thirty of thirty four strains isolated in this age group were of serotype 19F. There was three
of serotype 19A, and one each of serotypes 17F and 16F.
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■ Total (vaccine serotype*)

Figure 3.14 Most commonly isolated S. pneumoniae serotypes (total >2y of age.)

3.2.14 Penicillin susceptibility amongst colonizing pneumococci

Penicillin non-susceptibility (as determined by E-test) was greater in the older age groups.
This is not unexpected. The overall rate of penicillin non-susceptibility in this study was 40%
(males 42%, females 37%). Non-susceptibility was highest amongst the >2yo group at 49%
(males 38%, females 55%). Forty one percent of isolates from patients aged >6m to <2y were
non-susceptible (males 45%, females 35%). Non-susceptibility was a comparatively low 22%
in the <6m group (males 31%, females just 14%).
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Figure 3.15 Penicillin non-susceptibility amongst colonizing S. pneumoniae by age (percent
as determined by E-test.)
Note: non-susceptible is any isolate deemed resistant or intermediate by CLSI methodologies.

3.2.15 Penicillin susceptibility amongst common colonizing pneumococci

The highest rate of penicillin non-susceptibility in this study was amongst the serotype 9V
(90%) followed by serotypes 19F and 19A (both 67%).

Serotypes 14, 23F, 6A and 6B

showed moderate non-susceptibility, with rates of 23%, 21%, 18% and 15% respectively.
The remaining isolates (of all other serotypes) had a collective non-susceptibility rate of 13%.
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■ Percent non-susceptible (vaccine serotype’)

Figure 3.16 Penicillin non-susceptibility amongst common (> 9 isolates) colonizing S.
pneumoniae serotypes (percent as determined by E-test.)

3.2.16 Ceftriaxone susceptibility amongst colonizing pneumococci

Third generation cephalosporins like ceftriaxone or cefotaxime are important drugs in treating
pneumococcal infections.

As such it is useful to understand the distribution resistance

amongst colonizing strains. As with penicillin resistance, an increase was observed with age.
The highest rate was for the >2y at 23% (males 8%, females 32%) the >6m to 2y age bracket
was intermediate at 19% non-susceptibility (males 18%, females 20%). Least resistance was
observed in the <6m age group at 7% (males 15%, females 0%). The overall rate of non
susceptibility was 18% (males 16%, females 20%).
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Figure 3.17 Ceftriaxone non-susceptibility amongst colonizing 5. pneumoniae by age
(percent as determined by E-test.)

3.2.17 Ceftriaxone susceptibility amongst common colonizing pneumococci

The highest rate of ceftriaxone non-susceptibility in this study (as determined by E-test) was
amongst serotype 19F isolates (43%) followed by serotypes; 23F (14%), 19A (11%), 14 and
6B (8%) and 6A (6%). It is interesting to note that none of the serotype 9V isolates (which
were quite resistant to penicillin) were ceftriaxone non-susceptible.

All other serotypes

combined had a low rate of penicillin non-susceptibility (5%).
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■ Percent non-susceptible (vaccine serotype*)

5

All Others

Figure 3.18 Ceftriaxone non-susceptibility amongst common (> 9 isolates) colonizing S.
pneumoniae serotypes (percent as determined by E-test.)

3.2.18 Other antimicrobials susceptibility amongst colonizing pneumococci

Susceptibility to antibiotics other than penicillin and ceftriaxone was determined by disc
diffusion. A high rate of oxacillin non-susceptibility of 43% was observed (22% for <6m
rising to 45% for >6m to <2y and 51% for >2y).

Resistance to erythromycin and

azithromycin was almost identical at 33% and 32% respectively, both showing a non
susceptibility rate of 19% for <6m rising to 35% for >6m to <2y and 34% for >2y.
Tetracycline non-susceptibility was observed in 27% of isolates (11% for <6m rising to 29%
for >6m to <2y and 31% for >2y.) Non-susceptibility to clindamycin was lower at 20% of
isolates (11 % for <6m rising to 21 for >6m to <2y and 26% for >2y). There was limited non
susceptibility to chloramphenicol (2% of isolates) most of which was observed in the >2y age
group (6% of isolates). The >6m to <2y age group showed 2% non-susceptibility and all
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isolates from patients <6m of age where sensitive. As expected, no resistance to vancomycin,
linezolid or moxifloxacin was observed.

■ <6m ■ >6m-<2y

»>2y

■ All ages

45 | 43

Oxacillin

Erythromycin

Azithromycin

Tetracycline

Clindamycin

Chloramphenicol

Figure 3.19 Other antimicrobial non-susceptibility amongst colonizing S. pneumoniae
(percent as determined by disc diffusion.)

3.2.19 Tetracycline susceptibility amongst common colonizing pneumococci

Tetracycline resistance was confined mostly to several serotypes. Serotype 19F showed the
highest level of resistance (65%). Resistance rates for other serotypes are as follows; 19A
(33%), 6B (23%), 23F (21%) and 6A (6%). Serotypes 14 and 9V showed no resistance. All
other serotypes combined showed a 3% resistance rate.
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■ Tetracycline percent non-susceptible
65

All others

Figure 3.20 Tetracycline non-susceptibility amongst common (> 9 isolates) colonizing S.
pneumoniae (percent as determined by disc diffusion).

3.2.20 Oxacillin susceptibility amongst common colonizing pneumococci

A high rate of oxacillin non-susceptibility was observed. Ninety percent of serotype 9V
isolates were resistant.

Resistance rates varied accordingly 19A (78%), 19F (71%), 6B

(31%), 6A (24%), 14 (23%), 23F (21%). All other serotypes combined had a resistance rate
of 13%.
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■ Oxacillin percent non-susceptible
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Figure 3.21 Oxacillin non-susceptibility amongst common (> 9 isolates) colonizing S.
pneumoniae (percent as determined by disc diffusion).

3.2.21 Erythromycin susceptibility amongst common colonizing pneumococci

Again, resistance to erythromycin varied markedly between the serotypes. Serotype 19F
showed the greatest resistance at 69%. Most of these isolates were multi resistant organisms,
resistant to penicillin and cephalosporins amongst other things. Contrasting to this was the
second most resistant serotype, serotype 14.

As is normal with this serotype, the most

common phenotype of the resistant organisms was resistant to macrolides (like erythromycin
and azithromycin) only and sensitive to penicillin and cephalosporins.

In total 46% of

serotype 14 were erythromycin resistant. Antibiotic resistance rates for other serotypes were
as follows; 23F, 21%; 6A, 18%; 6B, 15%; 19A, 11% and 9V, 10%. All other serotypes
combined had an average resistant rate of 5%.
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Erythromycin percent non-susceptible

69
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Figure 3.22 Erythromycin non-susceptibility amongst common (> 9 isolates) colonizing S.
pneumoniae (percent as determined by disc diffusion).

3.2.22 Clindamycin susceptibility amongst common colonizing pneumococci

Clindamycin resistance was limited mostly to serotype 19F (57%) and 6A (12%). Serotype
6B and 14 showed a resistance rate of 8%. Serotypes 9V, 19A and 23F were all fully
sensitive. Combined, all other serotypes showed a resistance rate of just 3%.

■ Clindamycin percent non-susceptible
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Figure 3.23 Clindamycin non-susceptibility amongst common (> 9 isolates) colonizing S.
pneumoniae (percent as determined by disc diffusion).

3.2.23 Chloramphenicol susceptibility amongst common colonizing pneumococci

Chloramphenicol resistance was low. The serotype with the highest rate of resistance, at only
11%, was serotype 19A. Serotype 6B, 6A and 19F were the only others which showed any
resistance (8%, 6% and 2% respectively).

Figure 3.24 Chloramphenicol non-susceptibility amongst common (> 9 isolates) colonizing
S. pneumoniae (percent as determined by disc diffusion).

3.2.24 Azithromycin susceptibility amongst common colonizing pneumococci

Azithromycin susceptibility data mirrored that of Erythromycin.
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Figure 3.25 Azithromycin susceptibility amongst common (> 9 isolates) colonizing S.
pneumoniae (percent as determined by disc diffusion).

3.3 Statistical analysis

3.3.1 Chi-squared Tests for Association

The Chi-squared test was used selectively to test for association between the presence of
nasopharyngeal bacteria and the detection of respiratory viruses.

Small numbers of virus

isolations precluded some analyses, for example that of influenza virus. The findings are
summarized in Table 4. Significant association was found between the detection of RSV and
colonization with S. pneumoniae, when all age groups were combined. When looking at age
group subsets the association only held significance for the >6months to <2years age group
(this group represented 52% of the total children). There was a very strong association
between the detection of any respiratory virus and colonization with H. influenzae. No other
significant associations were found.
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Table. 4. Chi-squared test p values for association between colonizing bacteria and detection
of respiratory viruses (Yates correction and two-tailed p values.)

Colonizing organism
(age group)

RSV

Another virus

Any virus

0.0352

0.1261

0.644

S. pneumoniae
(all ages combined)
S. pneumoniae
(< 6 months)

0.3162

0.3542

0.0382

0.6505

0.556

0.9105

S. pneumoniae
(> 6 months - < 2 years)
S. pneumoniae
(> 2 years)
S. aureus
(all ages combined)

0.2008

H. influenzae
(all ages combined)

0.0055

3.3.2 Multiple Logistic Regression Analysis

Multiple logistic regression analysis did not indicate any contribution by RSV to the presence
of nasopharyngeal S. pneumoniae. In contrast, a significant contribution by H. influenzae and
M. catarrhalis was found (p values 0.02 and 0.014 respectively).

No other associations

approached significance.
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4.0

Discussion
4.1

Preliminary

Nasopharyngeal colonization by potential respiratory pathogens was unsurprisingly found to
be common, and not unlike rates observed in children elsewhere (Garcia-Rodriguez &
Martinez 2002; Faden et al. 2005; Lina et al. 2003). There was observed, however, a slightly
greater incidence of colonization with some of these bacteria, than in comparable studies on
healthy children, particularly with respect to S. aureus and S. pneumoniae (Cheng
Immergluck et al. 2004). Inflammatory changes brought about by the respiratory viruses that
most of these children had (all subjects exhibited symptoms, and 53% were laboratory
confirmed) are known to be conducive to bacterial colonization (Mills 1984). Co-acquisition
from respiratory aerosols of a respiratory virus coupled with a dose of potentially colonizing
bacteria may also occur.

Another possible contributing factor to the high rate of colonization, particularly with regards
to S. aureus is specimen quality. Specimen quality was controlled for, in that samples which
did not have sufficient epithelial cells were not processed by the virology laboratory, and thus
not included in the study. This however would not necessarily exclude specimens containing
mostly nasal material, rather than nasopharyngeal. In the nose, skin flora such as
Corynebacterium spp. and Staphylococcus spp. abound (Lina et al. 2003). An attempt to
account for this was made. Culture results were recorded as a light, moderate or heavy
growth

of

respiratory

flora

(includes

a-haemolytic

streptococci)

(Corynebacterium spp. or Staphylococcus spp.) or no growth.

or

skin

flora

Organisms which usually

represent skin flora however, were predominant in less than ten percent of samples (data not
included.) These specimens were not excluded from the study as there is no proof that they
are of nasal origin and not nasopharyngeal, especially given clinicians at CHW collect
aspirates following standard protocols, effectively controlling specimen quality.
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Colonization with S. pneumoniae, at one third of all subjects, was comparable with similar
studies (Bogaert et al. 2001; Hendley et al. 1975). Not unexpectedly, and also as in previous
studies, the rate of colonization was found to be comparatively lower in the youngest age
group (Gray et al. 1980). Limited exposure to other children, and situations where
transmission is likely, such as child care or other social environments (Salt et a\. 2007),
coupled with the probability of protective maternal antibody (Richter et al. 2005), may
contribute to this. A high rate of pneumococcal colonization in the intermediate age group
was also not unexpected.

Interestingly, for children aged two years and above rates of

pneumococcal colonization are already decreasing. This is a trend which likely continues into
adulthood (Hendley et al. 1975), and with this decreased colonization comes decreasing rates
of IPD (Roche et al. 2003), Colonization being a risk factor for invasive disease (Bogaert et
al. 2004).

Colonization with S. aureus was slightly higher than in a previous study (Cheng Immergluck
2004) although that study was involving healthy children, and only those less than 2 years of
age.

The several strains that exhibited methicillin resistance were likely health care

associated, as evidenced by their resistance to multiple classes of antibiotics (data not
included). They are possibly from children with chronic health problems requiring repeated
or extended hospitalisation. Re-admission through emergency for respiratory conditions may
allow such children to escape the exclusion criteria of the study. Sensitivity data seems to
reflect this in that over half of the isolates were resistant to multiple classes of antibiotics such
as cephalosporins and macrolides (data not included), although it must be stated here that
numbers were very small.

Colonization with H. influenzae was also common but seemingly confined to non-typeable
strains (a representative selection of isolate strains were serotyped and all were non-typeable.)
This is not unexpected, and compares favourably with previous studies (Faden et al. 1995)
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which show that non-typeable strains have largely displaced H. influenzae serogroup B in the
post HiB vaccine environment. The success of the 7vPCV is assured if it mirrors what
occurred with H. influenzae, where a niche left by a departing highly invasive serotype has
been filled by less invasive strains. This seems unlikely to be the case, however.

The virology results were largely unremarkable with rates as expected, and with marked
seasonal (winter) peaks. RSV, an important paediatric respiratory pathogen, (Hament et al.
2005) was most commonly detected. Rhinovirus, adenovirus, influenza, Parainfluenza,
echovirus and enteroviruses were all detected. Unfortunately, the study period chosen turned
out to be lean for the isolation of influenza, with numbers so low that no associations with
bacterial colonization could be sought for this virus in isolation. A plethora of other viruses
were potentially present in these specimens and contributing to respiratory symptoms. This
unfortunately makes the task of seeking associations with colonizing bacteria complicated.
Human metapneumovirus and the coronaviruses are two of the viruses not detectable in this
study. Recently, human metapneumovirus, first isolated in 2001 in the Netherlands using
RNA arbitrarily primed PCR (RAP-PCR), has been recognised as an important pathogen
causing community acquired respiratory illness (Stockton et al. 2002) and has been added to
testing protocols in many virology laboratories. This testing was however, not available when
this study commenced.

Also it is worthy of note that whilst multiple viruses were not detected in any samples, this is
certainly possible.

This further complicates the ability to understand the complex

relationships that exist in the nasopharynx.
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4.2

Capsular types of colonizing S. pneumoniae strains

About a quarter of known serotypes of 5. pneumoniae were found colonizing the nasopharynx
in this study. The majority of strains however, were of 6-8 common serotypes. This study
provides invaluable data on the distribution of colonizing S. pneumoniae isolates in children
in Australia, prior to the introduction of universal vaccination with the 7vPCV. Serotype
distribution is unlikely static and is expected to be altered substantially by the selective
pressures of vaccination. This has been shown previously by means of both serotype
replacement, and by generation of vaccine escape mutants (Brueggemann et al. 2007.)
Heptavalent vaccine coverage (the proportion of isolated strains which are of the seven
serotypes included in the 7vPCV) was on average sixty three percent. This means that there
are a great number of circulating, colonizing strains which are ready to take the place of those
removed by vaccination.

Depending on the invasiveness of these strains, the vaccines

efficacy may be questionable. Heptavalent vaccine coverage was even lower in those less
than 6 months of age, at just forty eight percent. Coverage was greatest at over seventy
percent for those aged from 2 to 5 years. It was quite unexpected to see in this pre-vaccine
environment greater 7vPCV coverage in the older age groups.

Highly desirable would be obtaining a second set of samples from a similar study group in the
near future to see how vaccination has altered the distribution of serotypes responsible for
colonizing children. Remembering that colonization is a necessary prelude to invasive disease
(Bogaert et al. 2004) this would give an indication of the serotypes most likely to become
prevalent in invasive disease in the future, perhaps before incidence rates on IPD are able to
reflect this.

Interestingly, cultures often yielded very heavy and at times pure growth of S. pneumoniae,
and as previously mentioned in all but one case of a single serotype, contrasting to previous
studies which had found mixed colonization by up to four serotypes (Austrian 1986.) As a
general rule, a pure and heavy growth of a potential pathogen, in cases of symptomatic
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subjects, can not be passed off as asymptomatic colonization.

It is possible that the

pneumococcus is somewhat more involved in the disease processes of these children than
might be expected, possibly even contributing to symptoms, although this is unproven.
Quantification of the organism could have helped to this end, however there are many
difficulties involved with attempting this. A particular organism can have an advantage (or
indeed disadvantage) in growth which means that what is seen growing on an agar plate does
not directly reflect what is happening in the patient. Similarly there is an unknown amount of
actual specimen contained in a NPA, due to substantial dilution with saline. It is very hard
therefore to equate colony forming units back to organism burden in the child’s nasopharynx.

In the US, serotype 19A has emerged in the post vaccine era, as a serious cause of invasive
disease (Brueggeman et al. 2007). Worryingly, serotype 19A, along with serotype 6A, were
the most common non-vaccine serotypes isolated in this study (with nine and seventeen
isolates respectively, from a total of one hundred and sixty two).

Further to this, both

serotype 19A and 6A have a number of phenotypes commonly resistant to antibiotics (Pelton
et al. 2007). This will have implications for treatment of IPD in the future should they
emerge as replacement serotypes in Australia as has happened elsewhere.
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4.3

Antibiotic susceptibility of colonizing S. pneumoniae strains

S. pneumoniae is quite unique amongst the streptococci as an organism of evolving antibiotic
resistance. Antibiotic resistant strains are prevalent in Australia (Gottlieb et al. 2008) and
have been circulating for some time. Although non-susceptibility is possible in potentially
any of the 90 serotypes, it is heavily serotype dependent (and many different patterns of
susceptibility can exist within a given serotype). Some serotypes appear intrinsically resistant
to certain antibiotics, while others are invariably sensitive. For example, serotype 14 is almost
always resistant to erythromycin, while serotype 1 is almost always sensitive to all commonly
used antibiotics.

In general, serotypes which prevail as colonizers in the nasopharynx are likely to
subsequently exhibit resistance, regardless of the particular strains propensity to cause
invasive disease. Altering the serotype distribution of colonization by means of universal
vaccination, will alter the distribution of resistance in pneumococcal disease.

Penicillin non-susceptibility was more prevalent in the older age groups. While interesting,
this is not unexpected. The evolution of resistance in pneumococci is highly likely to occur in
the nasopharynx, either by horizontal transfer of PBP genes as Dowson and co-workers in the
US found (1989), or by selective pressures associated with antibiotic treatment, especially
with the P-lactam antibiotics (penicillins and cephalosporins) and macrolides such as
erythromycin and azithromycin. The total penicillin non-susceptibility rate of 40% found in
this study is considered high. Resistance was as expected serotype dependant with some
serotypes being as high as 90% non-susceptible to penicillin, and others seemingly
intrinsically sensitive. High level resistance is rare, and generally isolates which show
intermediate susceptibility in vitro or even those with resistance as high as 8pg/mL will
respond to treatment in vivo (dose dependent).
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Ceftriaxone susceptibility, not unexpectedly, followed a similar distribution to that of
penicillin as they are both (3-lactam antibiotics. However Ceftriaxone MICs were in general a
little lower and thus fewer isolates were classed as resistant. Uniquely, all strains of serotype
9V, which was overwhelmingly non-susceptible to penicillin, were susceptible to ceftriaxone.

(3-lactam non-susceptibility rates were higher amongst colonizing isolates from this study than
from isolates causing IPD in 2006. (Gottlieb et al. 2008) This is an indication that the
nasopharynx is the source of antibiotic resistance and a pointer to the resistance shown by
future cases of IPD in the post vaccine environment. It must be noted however, that these
results may not reflect true clinical response to the (3-lactam antibiotics, and that there can be
a positive clinical response to treatment (dose dependant) in vivo in cases of confirmed
resistance in vitro.

4.4

Co-colonization with viruses and other potential respiratory pathogens

In considering the idea of co-colonization, and any interactions between either colonizing
bacteria or the respiratory viruses that likely precede them, it must be remembered here that in
specimens which a virus was not detected, a virus was still likely present, for the reasons
discussed earlier.

The role of viruses in the aetiology of community acquired pneumonia is known (Angeles et
al. 2006; Avadhanula et al. 2006). Previous studies have sought associations between RSV
and or influenza and the pneumococcus. Hament and co-workers (2005) found that RSV
directly binds to the pneumococcus, and that this enhances adherence to human epithelial
cells, and invasiveness (in the murine model). Similarly, the influence of rhinovirus infection
on adherence of the pneumococcus has been investigated (Ishizuka et al. 2003).
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Interactions between respiratory viruses and colonizing potentially pathogenic bacteria were
sought in this study. At a very basic level, specimens with a virus detected showed a higher
rate of colonization with any of the colonizing bacteria of interest. On further interrogation it
was found, by way of Chi-squared tests for association, with Yates correction and two-tailed
P values, that there was a significant association between the detection of RSV and
colonization with S. pneumoniae when gender and age groups are combined. This is
supported by previous studies (Hament et al. 2005.) Also shown in table 4, is a very strong
association between the detection of any virus and colonization with H. influenzae. Previous
studies have shown association between RSV infection and colonization with non-typeable H.
influenzae (Jiang et al. 1999). This was not found to be the case in this study. No other
associations approached significance using Chi-squared tests for association.

In contradiction to this, multiple logistic regression analysis did not find any contribution by
RSV to the presence of colonizing S. pneumoniae. Unexpectedly, what was found with this
method of analysis was colonization by H. influenzae significantly contributed to colonization
by S. pneumoniae. No other associations approached significance.

It would be desirable to repeat multiple logistic regression analysis with a separation of
serotypes of S. pneumoniae. Separately seeking associations between serotypes which are
known to colonize for an extended periods of time, and for those which uncommonly
colonize, for a short duration, with the presence of respiratory viruses, may alter results
favourably.

4.5

Molecular methods for serotyping (mPCR/RLB)

Molecular methods for typing pneumococci offer low subjectivity in interpretation, and
superior detection of mixed capsular types. In this study, a previously developed method for
typing pneumococci, the mPCR/RLB (Kong et al. 2006), was evaluated for use as a method
for serotyping plate cultures of pneumococci.
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The mPCR/RLB proved a simple, objective and accurate method for typing the
pneumococcus. Its use uncovered several errors that had been made in serotyping by the
Quellung reaction (due to cross reactions, and weak or missing reactions with factor sera) and
also revealed one instance of mixed serotype colonization that had been missed
phenotypically. Interestingly, in all discrepant results (between the two methods) the
mPCR/RLB proved correct on repeat testing.

The mPCR/RLB if used directly on clinical samples, which preliminary results show is
possible (data not included), has the potential to identify many more examples of mixed
serotype colonization should they exist.

Colonization studies are likely the most suitable area to introduce molecular platforms for
typing. The mPCR/RLB is capable of typing 43 specimens simultaneously and as such is
suited to testing that can be batched. In this way, time and cost savings, which do not exist
when processing a single or several specimens, are obvious.

4.6

Future directions

There are several directions which this study implores further research in, which funding and
time constraints will hopefully permit.

A second collection of nasopharyngeal aspirates from a similar study group of children,
would be invaluable in determining what actual changes the 7vPCV has had on both the
distribution of serotypes and of antibiotic resistance in pneumococci colonizing children in
Australia. It would also be a useful indication of the likely epidemiology of IPD in the future,
in terms of serotypes likely responsible for disease in Australian children.
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Molecular methods such as the mPCR/RLB show great promise and require further work.
Preliminary results showed that the mPCR/RLB was suitable for use directly on clinical
samples (data not included).

More research is needed here, however molecular methods

which simultaneously identify and serotype pneumococci direct from clinical samples offer
obvious advantage. The opportunity exists for large scale colonization studies without the
necessary expertise to read plate cultures and to perform phenotypic typing methods such as
the Quellung reaction. Time and cost savings could be substantial. The method also offers
the ability to include markers of antibiotic resistance, potentially allowing one to
simultaneously detect, identify and determine the antibiotic resistance of isolates.

In addition to this, it would be desirable to know the sequence types of colonizing strains of
pneumococci, both from this study and any future collections. This could be done by MLST
or another similar method. MLST would be useful in further determining the changes in
colonizing epidemiology resulting from vaccination. Subsequent to this, MLST, or another
typing method, additional to serotyping, performed on strains causing invasive disease in
Australia, would allow a much more thorough understanding of the invasiveness of
pneumococci, and indeed of the pneumococcus in general.
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Appendices

Appendix 1: mPCR/RLB primers

Tm
(°C)c

GenBank
accession
no.

Primer

Target

SpIaSbe

Pneumolysin S. pneumoniae

61.43

M17717

3 84ATT TCT GTA ACA
GCT ACC AAC GA406

SpSp

Pneumolysin S. pneumoniae

65.49

M17717

531AGC GAT AGC TTT
CTC CAA GTG G552

SpAp

Pneumolysin S. pneumoniae

75.10

M17717

556ACC CCA GCA ATT
CAA GTG TTC GCG579

SpIbAbe

Pneumolysin S. pneumoniae

61.69

M17717

730GAA TTC CCT GTC
TTT TCA AAG TC708

ISb

wzy

Serotype 1

59.03

Z83335

10307GGG ACT TTA ATT
TTA TGC AGTG10328

lAp

wzy

Serotype 1

59.22

Z83335

10402AAA TTT CAC AAT
TAT CAT TGC Cl0381

ISp

wzy

Serotype 1

62.00

Z83335

10529CTG GCT TTG GCA
ACT TTG 10546

1 Ab

wzy

Serotype 1

60.67

Z83335

10576CAC AAT GGC TTT
AGA AGG TAG AG 10554

2Sb

wzy

Serotype 2

59.86

AF026471

9730CGG CAT TGT ATT
CTT TAT ATC G9751

2Ap

wzy

Serotype 2

60.40

AF026471

9849CCA ATA AAT CTT
GTG TGA ATA TAA
CTG9823

2Sp

wzy

Serotype 2

60.76

AF026471

9989GCA ACA TTT CAA
TCT TAT GGTG10010

2Ab

wzy

Serotype 2

63.05

AF026471

10049CGT TTG TAT CCA
TTT AAC TGC ATC 10026

3Sb

wze

Serotype 3

59.32

Z47210

5807TTG ATA TTC CCC
TTG ACA ATA G5828

3Sp

wze

Serotype 3

59.62

Z47210

5910TTT ACT ACA GTC
CTC TTT CTC TGC5887

3Ap

wze

Serotype 3

58.63

Z47210

6056GCC TCA TCC TTA
ATT GGA G6038

3Ab

wze

Serotype 3

61.69

Z47210

6102GGA GGC TTC AAG
ATT CAA CTC6082

4Sb

wzy

Serotype 4

61.09

AF316639

9619CCG TCT ATA TTT
ATA TGG GTT TGC9642

4Ap

wzy

Serotype 4

60.08

AF316639

9774TTG AAA CCC CAT
ATA CTC ATT G9753

Specificityb

Sequence (5' to 3')d
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GenBank
accession
no.

Primer

Target

Specificityb

Tm
(°C)c

4Sp

wzy

Serotype 4

60.49

AF316639

9848GGA TTT TGT TTT
GTT ATT CTG TAG G9872

4Ab

wzy

Serotype 4

59.48

AF316639

9934CCT GAT AAT TTT
GTA CTT CTG AAT G9910

5Sb

wzy

Serotype 5

61.23

AY336008

6052GTT TTC CCA ATA
GTA GTT TGC G6073

5Ap

wzy

Serotype 5

61.86

AY336008

6118TGC GAT AAA ATA
GAT AAG GCA ATC6095

5Sp

wzy

Serotype 5

62.20

AY336008

6275TGC TTT GTT AGA
TAT AGT TAC GGG
AG6300

5Ab

wzy

Serotype 5

62.04

AY336008

6349CCC ACA GCC AAA
TAG AGT TG6330

6B6ASb

wzy

Serogroup 6 (6A,
6B)

58.77

AF316640

9263TCA ACC TGC AGT
AAT TTT AAC A9284

6B6AAp

wzy

Serogroup 6 (6A,
6B)

60.95

AF316640

9322TTA ACT AGA GCA
CTT GCA ATC G9301

6B6Asp

wzy

Serogroup 6 (6A,
6B)

59.01

AF316640

9461GAA AGA AAT AAA
TCC TTC AAA GAT
AAT9487

6B6AAb

wzy

Serogroup 6 (6A,
6B)

60.19

AF316640

9555CTA CTT TCT GAA
TTT CAC GGA TAT AAA
G9528

7F7ASb

wzy

Serotypes 7F, 7A

61.48

CR931643

14476GCA AGT GTT TCA
ATG GGA GTA 14496

7F7AAp

wzy

Serotypes 7F, 7A

58.71

CR931643

14537AAA TTC CAC AAT
ATT GGT AAT ACT
G14513

7F7Asp

wzy

Serotypes 7F, 7A

58.58

CR931643

14776TTT TTG TAT GAT
TTA AAT ATT GCG14799

7F7AAb

wzy

Serotypes 7F, 7A

61.51

CR931643

14820ACG GAG GGA CCA
TAC AAT AAG 14800

8Sb

wzy

Serotype 8

60.50

AF316641

10827GAT GTT AGT TTC
TTC GAT TCC AG 10849

8Ap

wzy

Serotype 8

59.15

AF316641

10870GAG GAA ACC CAC
AAA GTC AAA AAA
Cl0849

8Sp

wzy

Serotype 8

59.38

AF316641

11012AAA ATT ATG TTT
ACT TTA CGA GTT
GG11037

8Ab

wzy

Serotype 8

61.32

AF316641

11066TCA TAA TGA ATC
GTA CCA ATC AAC11043

9N9LSb

wzy

Serotypes 9N, 9L

62.46

CR931647

9818TCA ATG GCG ACT
TTA TTT GC9837

9N9LAp

wzy

Serotypes 9N, 9L

58.53

CR931647

9893GAA CTT TGG GAA

Sequence (5' to 3')d
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Primer

Target

Specificityb

Tm
(°C)c

GenBank
accession
no.

Sequence (5' to 3')d
TAT AAT CAA AAG9870

9N9LSp

wzy

Serotypes 9N, 9L

62.15

CR931647

10139GTC GGT TTC GAT
TCT TTGC10157

9N9LAb

wzy

Serotypes 9N, 9L

60.41

CR931647

10179AGT CTA TTA TCT
CCT GTA GGG TGC 10156

9V9ASb

wzy

Serotypes 9V, 9A

58.70

AF402095

8546AAC TAT ATT TAC
CCT ACT CTC CAC
AG8571

9V9AAp

wzy

Serotypes 9V, 9A

58.76

AF402095

8639AAT CAG CGT TAC
CTT ATA CTG TG8617

9V9ASp

wzy

Serotypes 9V, 9A

59.62

AF402095

8797GCC TCT TTT TAA
CCT TTA TCT TGT8820

9V9AAb

wzy

Serotypes 9V, 9A

61.56

AF402095

8860ACC GGA AAA AGC
AAT TGA G8842

lOAlOBSb

wzy

Serotypes 10A,
10B

61.86

CR931649

7172TGA GCT ATT TAA
GGA CCT GGG7192

lOAlOBAp

wzy

Serotypes 10A,
10B

62.30

CR931649

7206GTT TAG AAA CCT
TGC CCA GG7187

lOAlOBSp

wzy

Serotypes 10A,
10B

62.25

CR931649

7353ACC ATA TGG TAT
TTG TTG CCT G7374

lOAlOBAb

wzy

Serotypes 10A,
I0B

61.76

CR931649

7450GCA AGC GTC ACT
TTC TTG A7432

HAllDSb

wzy

Serotypes 11A
1 ID

59.48

CR931653

11368GAA ATA TCG CCA
TTC ATC AG 11387

HAllDAp

wzy

Serotypes 11 A,
1 ID

59.34

CR931653

11407TGT AAG ATG AAA
AAA GCA TGC 11387

HAllDSp

wzy

Serotypes 1 ] A,
1 ID

59.42

CR931653

11676GGA TTT CTC GTA
TCA GCA TAT TAC11699

HAllDAb

wzy

Serotypes 11 A,
1 ID

62.68

CR931653

11744CAA CAG CAA CTG
TGC CAC Til 726

124446Sb

wzy

Serotypes 12F,
12A, 12B, 44, 46

59.41

CR931660

8914TGA ATA TGG ACG
GTG GAG8931

124446Ap

wzy

Serotypes 12F,
12A, 12B, 44, 46

58.48

CR931660

8951 GAA GAA GTT CAA
CAA TCG CT8932

124446Sp

wzy

Serotypes 12F,
12A, 12B, 44, 46

59.37

CR931660

9104GCA TGA TAT GGG
AAG TTT TG9123

124446Ab

wzy

Serotypes 12F,
12A, 12B, 44, 46

59.69

CR931660

9155AGC AAA GAA AGC
CGA AAG9138

14Sb

wzy

Serotype 14

60.41

X85787

7376CCT ACT TCC AAA
ACA GTT TAT GC7398

14Ap

wzy

Serotype 14

59.77

X85787

7494CCA TAC AAA AAG
ACG GTG TAT C7473

14Sp

wzy

Serotype 14

59.30

X85787

7587GCA TTT AAT TGG
CTA ATA GCA G7608
86

GenBank
accession
no.

Primer

Target

Specificityb

Tm
(°C)c

14Ab

wzy

Serotype 14

59.69

X85787

7652GTC AAT ATT GAT
TGG CAT TTT C7631

15B 15CSb

wzy

Serotypes 15B,
15C

62.63

CR931664

7797TAA TAA GCG GAT
GAT TGT AGC G7818

15B15CAp

wzy

Serotypes 15B,
15C

58.19

CR931664

7837GAG GTA TAG TTG
GAT AAA ACG C7816

15B15CSp

wzy

Serotypes 15B,
15C

62.54

CR931664

7976GAG CAG GAA TCA
GAA CAC AAT C7997

15B 15CAb

wzy

Serotypes 15B,
15C

60.91

CR931664

8148TAT ACT GAT TAA
CTT TCC AGA TGG G8124

17FSb

wzy

Serotype 17F

59.84

CR931670

13988AGA GGG ATT GTT
GAA GGT ATT Cl4009

17FAp

wzy

Serotype 17F

60.89

CR931670

14035GGA AGT GAA CGT
CAA ATC TTT T14014

17FSp

wzy

Serotype 17F

61.75

CR931670

14250CAA TGC TAT GTC
GCA AAT ATT G14271

17FAb

wzy

Serotype 17F

61.34

CR931670

14295AGT AGT CTC GCA
TTT CTA TCA TCC 14272

18Sb

wzy

Serogroup 18(18F, 60.45
18A, 18B,18C)

AF316642

12208AAT TGT TCT TTT
CCT GTA CTC AGT
Cl 2232

18Ap

wzy

Serogroup 18(18F, 58.72
18A, 18B,18C)

AF316642

12260ATT CAA C/TTG
GGT TCA TTA CGI2241

18Sp

wzy

Serogroup 18 (18F, 58.74
18A, 18B, 18C)

AF316642

12425GGA GGA CTT AGT
CAA TTT ATC TTG 12448

J8Ab

wzy

Serogroup 18(18F, 62.13
18A, 18B, 18C)

AF316642

12478CGA ACC ATT GAA
ACT ATC ATC TGI2456

19ASb

wzy

Serotype 19A

61.40

AF094575

9260TGT ATT TGC CCT
TAT TAA TGT GC9282

19AAp

wzy

Serotype 19A

61.12

AF094575

9336TGC CAC TAA TAA
TCA AAA GAT AAG
C9312

19ASp

wzy

Serotype 19A

60.81

AF094575

9422CCA ATT CTG GAA
AAT AGC TCT TAC9445

19AAb

wzy

Serotype 19A

60.63

AF094575

9506AAG TGC AAG ATT
ATG AAT CTC TCT C9482

19FSb

wzy

Serotype 19F

59.55

U09239

7693TCA GTA TTT GCA
CTG GTT AAT TC7715

19FAp

wzy

Serotype 19F

61.85

U09239

7800TGC CAT TAA AGG
AAT CGA AA7781

19FSp

wzy

Serotype 19F

60.35

U09239

7858CAA TTT TGG AAA
ATT GCT CTA AC7880

19FAb

wzy

Serotype 19F

59.39

U09239

7941 AAG AAC AAG GTT
GTA TAT TTC CTT C7917

20Sb

wzy

Serotype 20

61.18

CR931679

771 1CTT TAT CAG GAA

Sequence (5' to 3')d
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Primer

Target

Specificityb

Tm
(°C)c

GenBank
accession
no.

Sequence (5' to 3')d
TAC GCC AAT C7732

20Ap

wzy

Serotype 20

60.16

CR931679

7759GCA TAA AAA ACA
ATC GCT GTA G7738

20Sp

wzy

Serotype 20

62.31

CR931679

7933CTG GGT CTG AAT
TTG TAT CTC G7954

20Ab

wzy

Serotype 20

59.11

CR931679

8010CTG TAT AAT A AC
GAG AAC CAA CG7988

22F22ASb

wzy

Serotypes 22F,
22A

61.86

CR931682

13190AGG ATG CAG TAG
ATA CCA GTG G13211

22F22AAp

wzy

Serotypes 22F,
22A

59.68

CR931682

13263TAA TAC CAT GGC
ACT AGG AAT AAC 13240

22F22ASp

wzy

Serotypes 22F,
22A

58.30

CR931682

13503ATG GCT ATC AAC
TTT ATC TAG GAC13526

22F22AAb

wzy

Serotypes 22F,
22A

60.25

CR931682

13543TAT AAA CGG AGG
TTG TTG TCC 13523

23FSb

wzy

Serotype 23F

60.39

AF057294

8583TGA TAG TGA ACT
TGG GAT TGT C8604

23FAp

wzy

Serotype 23F

61.24

AF057294

8694CTA TTT GCA AAC
ACG TTG AGA G8673

23FSp

wzy

Serotype 23F

58.36

AF057294

8735GGG ATT AAT TTA
CAA AAT CTT CC8757

23FAb

wzy

Serotype 23F

58.19

AF057294

8827CTT TAT CGG TAA
GGT GGA TAA G8806

33F33A37Sb wzy

Serotypes 33F,
33A, 37

61.77

AJ006986

11362TCA ACT AGT CAA
GGA TTT GAT GG11384

33F33A37Ap wzy

Serotypes 33F,
33A, 37

60.62

AJ006986

11421 TGA TAC CAC AAG
TAA CAG AGT CGI 1399

33F33A37Sp wzy

Serotypes 33F,
33A, 37

59.52

AJ006986

11589GAT GAT TTT GCA
GAT GTA CTA TGA 11612

33F33A37Ab wzy

Serotypes 33F,
33A, 37

59.67

AJ006986

11639CGT ATC AGA TTT
GCG ATT TCI 1620

aS, sense; A, antisense; b, biotin-labeled primer (primers were biotin labeled at the 5' end); p,
probe (probes were 5' end C6 amine labeled).
bBased on published sequence data for the whole CpS gene cluster, it was not possible to
design primers/probes that could distinguish some individual serotypes from one or four
closely related ones (shown in boldface), usually (but not always) belonging to the same
serogroup.
cTm values were provided by the primer synthesizer (Sigma-Aldrich).
dNumbers represent the base positions at which primer/probe sequences start and finish
(starting at “1” of the corresponding GenBank sequence).
eTwo primers published previously were used as species-specific probes.
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TEST METHODS
PROCESSING PROCEDURE:
NPAs and BALs

Using a sterile disposable pipette, resuspend the specimen to a total volume of 3ml
with 2% MEM.
,
'

Take care to include all mucus attached to the tube sides.
Transfer specimen to a sterile 10ml centrifuge tube.
NP/Throat Swabs in UTM

Vortex the NP/Throat Swab for 10 secs.
Carefully remove the lid from the tube with its attached swab.
Using a sterile disposable plastic pipette, transfer the UTM to a sterile 10ml
centrifuge tube ( the swabs and empty tube can be discarded).
ALL Specimens

Centrifuge at 4°C at 3000rpm for 20 minutes.
Tip-off supernatant into a sterile 5ml white-capped vial.
Store at -80°C for viral culture.
( The CMV Early Antigen test can also be performed on this supernatant if requesfed
- inoculate before freezing the supernatant.)
To the cell pellet, add 0.5 - 1.0 ml of 2% 2-mercaptoethanol. *\
(With very mucoid samples 1ml needs to be added).
Mix until the specimen is even and less mucoid.

^

Add sterile phenol-red PBS up to 5ml.
*>

Centrifuge at 2500 rpm (1041g) for 5 minutes.
Discard supernatant and resuspend the pellet in sterile phenol-red PBS.
The amount added is dependant on pellet size:
Tiny pellets - lOOul
Large pellet = 3ml
Using a plastic disposable pipette, place a drop of suspension onto 1 well of a
multiwell glass slide (6 well slides = 6 specimens may be tested per slide).
Dry slides on a heating block (60°C).
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Fix in acetone for 5 minutes.
Slides may be stained immediately or stored at -20°C overnight.
All NPAs, NP/Throat Swabs and BALs are tested for a full respiratory viral
immunofluorescent panel: RSV, Influenza A and B, Parainfluenza 1,2 and 3,
Adenovirus using the Simulfluor Respiratory Screen Reagent.
Human Metapneumovirus (HMPV) is tested using the HMPV Monoclonal Antibody
Conjugate Reagent.
Occasionally Measles Immunofluorescence is requested on NPAs, NP/Throat Swabs
and BALs. Slides are prepared here and sent to Virology Dept., ICPMR Westmead for
testing:
Place 1 drop onto two separate areas of the same slide •
( 1 specimen is tested per slide ). Fix in acetone for 5mins.

REAGENTS. MATERIALS:

5ml mucous trap
Supplied by ward.
Size 8 catheter
Supplied by ward.
Respiratory Virus Nasopharyngeal Swab Collection Kit
Provided by Virology / Microbiology:
1 Flocked NP Swab and 3ml UTM tube, Cat No: 305C, INTERPATH
1 sterile rayon plastic-shaft swab
Sterile Buffered Saline
Supplied by ward.
Disposable pipettes
Sterile transfer pipettes, Cat. No. 222-205, SAMCO.
10ml Centrifuge Tubes
Sterile, Cat. No. JHNSCF003X, Selby Biolab.
5ml Vials
Sterile, Cat. No. JHNSP2009X, Selby Biolab.
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Multi well Glass Slides
6 x 8mm wells, Cat No: MIC042, Hurst Scientific P/L
2% MEM
See Media Preparation Manual.
2% 2-Mercaptoethanol
See Media Preparation Manual.
Phenol Red PBS
See Media Preparation Manual.
Acetone

,
v

Acetone, AR grade, Chem-Supply Cat. No. AA008,2.5 litres.
Store at 4°C.
RESULTS

NPAs, NP/Throat Swabs and BALs have viral culture performed if the Immunofluorescent
result is negative (see Viral Culture Procedures).
NPAs, NP/Throat Swabs and BALs may also be tested for CMV Early Antigen on request.
NPAs, NP/Throat Swabs and BALs may also be tested for Chlamydia on request (see
Chlamydia Testing).

Hazards/ Special Precautions - Refer to MSD
Exposure to patients
-potential biohazard and physical hazard.
Exposure to patients’ secretions
-potential biohazard.
Reagents
-toxic, caustic.
Eye protection, gloves and gown recommended for all stages of this procedure.
References

Fenner FJ, White DO (1994) Medical Virology 4th. Edition.
Greenberg SB, Krilov LR (1986) Laboratory Diagnosis Of Viral Respiratory DiseaseCUMITECH 21, American Society of Microbiology.
Gleaves CA, Hodinka RL, Johnston LG. Swierkosz EM (1994) Laboratory Diagnosis Of
Viral Infections - CUMITECH 15A, American Society of Microbiology
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SUMMARY PAGE
Test Name

Immunofluorescence.
Minimum Sample Requirements

.

Specimens need to be fixed in acetone on glass slides.
(See Specimen Processing Procedures).
Sample Collection Conditions

See Specimen Processing Procedures.
Sample Storage Conditions

,

Specimens cai^be stained immediately after acetone fixation or stored at -20°C until
required.
(See Specimen Processing Procedures).
Sample Transport Conditions

See Specimen Processing Procedures.
Minimum Quality Control

Internal - Control slides are tested once a month; on the first Monday of the month.
Control slides are also tested when a new reagent is made.
External - no external QC available.

.

Recommended Methods

Fenner et al.
Method Review

Last reviewed: October, 2009.
Indications for Use

L*" "

11

"Jl 1 1....................

i <r

Immunofluorescent antibody labelling is a rapid, specific and variably sensitive
method for identifying viruses infecting cells.
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Recommended Methods

•

'

*•

General information: methods used in this laboratory were developed in-house from
published methods.
Methods and Practices Considered Inappropriate

Immunofluorescent slides should be read as soon as possible after staining. It is hot
appropriate for reading to be delayed as fluorescence does fade.
Slides must also be kept in the dark after staining to reduce fading.
Adequate-Quality Control

u

^

Internal Quality Assurance : Control slides for each staining reagent are tested on the
first Monday of each month. They are also tested when a new staining reagent is
made. Results are recorded on the daily work list and the date of testing and result is
recorded in the "CONTROL STAIN STATUS" sheet.
*
The mercury lahlp in the fluorescent microscope is changed every 100 hours to ensure
maximum fluorescent light emission. Lamp hours are monitored by an electronic
counter.
It is important that the lamp is always correctly centred; and must be adjusted if
off-centre.
External Quality Assurance : no external QA available.
Conditions for Acceptance of Results: The control slides for each staining reagent
must show specific immunofluorescent staining (see Immunofluorescent Reading).
Test specimens must have >25 epithelial cells per sample spot for results to be
acceptable. If 25 cells or less are present, the specimen is insufficient and a fresh
sample needs to be collected.
Known Interferences: Yeasts, bacteria, leukocytes and red blood cells may show non
specific fluorescence. This non-specific immunofluorescence is easily distinguished
by the experienced microscopist from the very specific, cellular staining patterns seen
when viral antigens are present.
Very mucoid specimens may show non-specific fluorescence. Specimens will have an
overall light green appearance. It is important to break-up the mucus properly with
2% 2-Mercaptoethanol when processing specimens.

Interpretation of Results

Positive Results: The detection of 2 or more specific fluorescing cells in a specimen is
sufficient to classify a specimen as positive. If >=2 positive cells are seen in a
specimen that has insufficient cells it is still considered positive.
Clinical Interpretation: Immunofluorescence allows rapid, early detection and
diagnosis of viral infections.
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TEST METHODS
PRINCIPLE:

Immunofluorescence involves using (1) Direct or (2) Indirect staining methods
to detect antigens. In the Direct method, the viral antigen in infected patient
specimens is exposed to anti-viral monoclonal antibody to which is conjugated
fluorescein isothiocyanate (FITC). Excess antibody is washed off after a 15-30
minute incubation period and the specimen is inspected for fluorescence
under the microscope. In the Indirect method, the anti-viral monoclonal
antibody is unconjugated. It binds to the viral antigen in stage 1 of the test.
Excess antibody is washed off after a 30 minute incubation period and in stage
2 of the test: FITC conjugated immunoglobulin is added. After'another 30
minute incubation period the excess is washed off and the specimen is
inspected for fluorescence. The Indirect method is more sensitive, although
has increased non-specific staining. The Direct method has the advantage of
being much quicker and easier for the laboratory to perform.
PROCEDURE:
_

Immunofluorescent Staining
If slides are at -20°C bring to room temperature.

Place in a moist staining tray and follow the staining procedures below for the
relevant immunofluorescent stain.

.

Routinely, NPA and BAL slides are stained with the SimulFluorll Respiratory
Screen Reagent first. If a vims is detected, other than RSV, further staining
must be performed to identify the vims.
Slides made from R-Mix shell vials are stained with the DFA Respiratory
Screen Reagent (DFARS) first. If a vims is detected, further staining must be
performed to identify the vims.
N.B. Slides for measles immunofluorescence are not stained here but sent to
Virology Dept. ICPMR, Westmead.
Respiratory Screen Reagents (SimulFluorll and DFARS1
Using the dropper bottle, add 1 drop of stain (25ul) onto the cell spot.
Using a wooden applicator stick, spread the drop to cover the edges.
Incubate in a moist staining tray for 15 minutes at 37°C.
Wash in non-sterile PBS for 5 minutes.
Rinse in non-sterile deionised water.
Wet mount with the kits’ glycerol mountant and a coverslip.
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RSV IF Stain

‘

Using the dropper in the reagent bottle, add 1 drop of stain (25ul) onto the cell
spot.
Using a wooden applicator stick, spread the drop to cover the spot edges.
Incubate in a moist staining tray for 15 minutes at 37°C.
Wash in non-sterile PBS for 5 minutes.
*•*

Rinse in non-sterile deionised water.
Wet mount with the RSV kit glycerol mountant and a coverslip.
FA. FB and Adeno IF Stain

*

Using a disposable pipette, place Vi drop (25ul) of relevant stain onto the cell
spot.
Using a wooden applicator stick, spread the drop to cover the spot edges.
Incubate in a moist staining tray for 15 minutes at 37°C
Wash in non-sterile PBS for 5 minutes.
Rinse in non-sterile deionised water.
Dry slide on a heating block (60°C).
Mount using the relevant staining kits’ glycerol mountant and a coverslip.
PF1.PF2. and PF3 IF Stain
Using the dropper bottle, place 1 drop (25ul) onto the cell spot.
Using a wooden applicator stick, spread the drop to cover spot edges.
Incubate in a moist chamber for 15 minutes at 37°C.
Wash in non-sterile PBS for 5 minutes.
Rinse in non-sterile deionised water.
Mount with a coverslip using glycerol mountant from either the Adeno or
FA/FB stain kits.
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Human Metapneumo virus
Using a disposable pipette, place Vi drop (25ul) onto the cell spot.
Using a wooden applicator stick, spread the drop to cover spot edges.
Incubate in a moist chamber for 15 minutes at 37°C.
Wash in non-sterile PBS for 5 minutes.
Rinse in non-sterile deionised water.
Shake off excess buffer and wet mount using the HMPV kits' glycerol
mountant and a coverslip.
HSV 1 and 2 IF Stains
Using the dropper bottles, place 1 drop (25ul) of each stain onto 2 separate cell
spots.
Using a wooden applicator stick, spread the drop to cover spot edges.
Incubate in a moist staining tray for 15 minutes at 37°C
(if VZV is also being stained on the same slide, incubate for 30 minutes).
Wash in PBS/Tween solution for 10-15 seconds.
Shake off excess buffer and wet mount using the HSV kits' glycerol mountant
and a coverslip.
~
VZ IF Stain
Using the dropper bottle, place 1 drop (25ul) onto the cell spot.
Using a wooden applicator, spread the drop to cover spot edges.
Incubate in a moist chamber for 30 minutes at 37°G.

*>

Wash in PBS/Tween solution for 10-15 seconds.
Shake off excess buffer and wet mount using the VZ kits' glycerol mountant
and a coverslip.
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Enterovirus IF Stain
N.B. slides must not be allowed to dry out at any stage during staining.
Using a disposable plastic pipette, add 1 drop (50ul) of 1 % Skim Milk Soln. to
the cell spot.
Incubate at 37°C for 15 mins.
Wash in PBS for 5 mins.
Using a tissue wipe-off excess PBS from around the cell spot.
Using the dropper bottle, place 1 drop (25ul) of Pan Enterovirus Blend
antibody onto the cell spot.
Using a wooden applicator stick, spread the drop to cover spot edges.
Incubate in a moist chamber for 30 minutes at 37°C.
Wash in non-sterile PBS for 5 minutes.
Using a tissue wipe-off excess PBS from around the cell spot.
Using the dropper bottle, add 1 drop of anti-mouse FITC conjugate (25ul)
from the Enterovirus kit onto the cell spot.
Again use a wooden applicator stick to cover the spot edges.
Incubate in a moist chamber for 30 minutes at 37°C.
Wash in non-sterile PBS for 5 minutes.
Rinse in non-sterile deionised water..

*\

Mount using the Light Diagnostics mountant and a coverslip.
CMV IF Stain
..

Using the dropper bottle, place 1 drop of CMV antibody ( 25ul, reagent 1)
onto the cell spot.
.

Using a wooden applicator stick, spread the drop to cover spot edges.
Incubate in a moist chamber for 30 minutes at 37°C.
Wash in non-sterile PBS for 5 minutes.
Rinse in non-sterile deionised water.
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Dry on a heating block (60°C).
Using the dropper bottle, add 1 drop of FITC conjugate (25ul, reagent 3) onto
the cell spot.
Again use a wooden applicator stick to cover the spot edges.
Incubate in a moist chamber for 30 minutes at 37°C.

.

Wash in non-sterile PBS for 5 minutes.
**

Rinse in non-sterile deionised water.

,

Dry on a heating block (60°C).
Mount using the CMV kits’ glycerol mountant and a coverslip.
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Immunofluorescent Reading

Place slides in the dark room and read as soon as possible after staining.
Print the relevant worklists in PATHNET:
NPA VIRUS - WQM and BRL
HSV TYPE, VZV IF - WQS

.

Turn on fluorescent microscope approximately 5 minutes before use.
Read slides under a fluorescent microscope by scanning at XI0 then reading at
X40 magnification:
-Positive cells will fluoresce an apple-green colour. *
-Uninfected cells will stain a reddish colour.
-The exception is RSV positive cells in the SimulFluorll Respiratory
Screen Reagent which will stain a yellow-gold colour. Other viruses
will stain apple-green and uninfected cells stain red as above. *
**

If the SimulFluorll or DFA Respiratory Screen Reagents shows apple-green
fluorescence: from the staining pattern determine the virus responsible and
perform the relevant immunofluorescent stain to identify the virus.
See the table below for the different viral immunofluorescent staining patterns:
VIRUS
RSV
Influenza
Adeno
Parainfluenza
HMPV
HSV
VZV
CMV
Enterovirus

STAINING
Nuclear
-

+
+
-

+
+
+
+/-

PATTERN
Cytoplasmic
+
+
+/+
+
+
+/+/+

The detection of 2 or more specific fluorescing cells in a specimen is
sufficient to classify a specimen as positive. A specimen must have >25
epithelial cells in one cell spot for results to be valid, otherwise specimens are
classed as insufficient and a fresh specimen must be recollected. If specimens
have <=25 cells but positive cells are still seen, the results are accepted.
Record results on the relevant work lists.
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Control Slide Preparation and Staining Procedure

Tissue culture tubes/shell vials showing strong cytopathic effect or
Immunofluorescence with the relevant viruses are used to prepare control
slides:
Discard most of the media in the culture tube/shell vial, leaving approximately
0.5ml.

*■»

Using a sterile pasteur/plastic disposable pipette, scrape the attached cells
from the side of the tube or the coverslip of a shell vial.
■■

Mix the suspension well and place 1 drop onto a clean glass slide.
Use all the suspension to make as many slides as possible.
Air dr^ on a heating block (60°C).
v

Fix in acetone for 5 minutes.
-

Store at -20°C until required.
On the first Monday of each month, or if a new reagent is made; remove a
slide from -20°C, allow to come to room temperature and dry.
Follow the relevant immunofluorescent staining procedure.
Record the control slide result and Batch/Accession number on the daily
worklist.
Also record the date of testing and result on the CONTROL STAIN STATUS
sheet.

REAGENTS. MATERIALS:

Phosphate-buffered saline
Dissolve 10 PBS tablets (Oxoid, Cat. No. BR14a) in 1 litre of deionised water.
For sterile PBS, autoclave at 115°C for 10 minutes.

Deionised Water
We use Reverse Osmosis (RO) water.
For sterile water, autoclave at 115°C for 10 minutes.
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SimulFluorll Respiratory Screen reagent
(CHEMICON Cat. No.5396R)
Ready to use.

.

Store at 4°C.

•

-Buffered glycerol mountant is supplied in stain kit.
DFA Respiratory Screen Reagent
(CHEMICON Cat No.5307)

' ’•

Ready to use.
Store at 4°C.

■»
v

-Use Light Diagnostics Buffered glycerol mountant (supplied in SimulFluor Kit)
RSV IF Stain
(BioMerieux Cat. No.55341)
Add 1.5ml sterile PBS to 1.5ml RSV stain in its bottle (1:2 dilution).
Store at 4°C.
-Buffered glycerol mountant is supplied in stain kit.
Influenza A (FA) IF Stain
(Dako, Cat. No.K6105)
Add 1.4ml of sterile PBS to 1.4ml of FA stain in its bottle (1:2 dilution).
Store at 4°C.
-Buffered glycerol mountant is supplied in stain kit.
Influenza B (FB) IF Stain
(Dako, Cat. No. K6105)
Add 1.4ml of sterile PBS to 1.4ml of FB stain in its bottle (1:2 dilution).
Store at 4°C.
-Buffered glycerol mountant is supplied in stain kit.
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Adeno IF Stain
(Dako, Cat. No. K6100)
Add 1.4ml of sterile PBS to 1.4ml of Adeno stain in its bottle (1:2 dilution).
Store at 4°C.

-

-Buffered glycerol mountant is supplied in stain kit.
Parainfluenza 1 (PFD IF Stain

*

-

(DHI, Cat. No. 1029-87D )
Ready to use.
Store at 4°C.
Parainfluenza 2 (TF21 IF Stain
(DHI, Cat. No. B1029-87E)
Ready to use.
Store at 4°C.
Parainfluenza 3 fPF3) IF Stain
(DHI, Cat. No. B1029-87F )
Ready to use.
Store at 4°C.
Human Metapneumovirus (HMPV)
(DHI, Cat No. 01-030000)
Ready to use.
Store at 4°C.
-Buffered glycerol mountant is supplied in stain kit.
Herpes simplex 1 and 2 (HSV 1. 2) IF Stain
(CHEMICON Cat. No. 3291i)
Add 2ml sterile PBS to 2ml of each HSV stain in its bottle (1:2 dilution).
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Store at 4°C.
-Buffered glycerol mountant is supplied in stain kit.
-PBS/Tween Washing Solution is supplied in stain kit:
.
To 990ml sterile PBS, add one 10ml vial of Tween 20 concentrate.
Store at room temperature.

-

.

Varicella zoster (VZ) IF Stain Kit
(CHEMICON, Cat. No. 3430)

*

"■it

Ready to use VZ IF stain.

' •

Store at 4°C.
im

-Buffered glycerol mountant is supplied in stain kit.
-PBS/Tween Washing Solution is supplied in stain kit:
To 990ml sterile PBS, add one 10ml vial of Tween 20 concentrate.
Store at room temperature.
Cvtomeealovirus (CMVI IF Stain Kit
(Sanfio Pasteur, Cat No. 52206)
Ahti-CMV antibody ready to use.
Anti-mouse FITC conjugate: add 9ml sterile PBS to vial contents. Discard after 3 months.
Store above reagents at 4°C.
-Buffered glycerol mountant supplied in stain kit.
FITC Conjugated Anti-Mouse IeG F(abV2 Fraction fGoaf)
(CHEMICON, Cat No. 5008)
Ready to use.
Store at 4°C.
-Use Light Diagnostics Buffered glycerol mountant (supplied in SimulFluor Kit)
1% Skim Milk Solution
To 99ml sterile PBS, add 1ml of Tween 20/Sodium Azide Solution
(XI00, Light Diagnostics).
Add 1 gram of Skim Milk Powder (OXOID) and dissolve.
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Store at 3°C.
Coverslips
22 x 50mm, 100 pieces, Menzel, Cat. No. Cs22501G, Lomb Scientific.
Mercury Lamp
ZEISS, Cat. No. 381619, 50watt, replace at lOOhours.
DisposabldTipettes

,

Sterile transfer pipettes, Cat. No. 222-205, SAMCO.
Applicator Sticks
Non-sterile, 1000 pieces,' 150mm, Cat. No.WAPPST, Livingstone International.
Supplied by Hospital Stores.
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RESULTS

The slides are read by the Technical/Scientific Officer on duty.
Any questionable Immunofluorescent staining is rechecked by the Scientific Officer on duty.
Enter specimen results into PATHNET via:
- .
PRE - for NPA VIRUS test code.
MBE - for HSV TYPING and VZV IF test codes.
- for tissue culture immunofluorescence.
For PRE resulting (1) In “SIMF+” enter the fluorescence intensity: 1+ to 4+.
(2) In “SIMF R” enter the result as Negative (01) RSV Positive (02)
Positive (03) QNS (07) etc.
..
(3) If the “SIMF R” result is Negative, press F8 and PATHNET will
result all viruses as Negative.
%
(4) For a result other than Negative, a result must be entered for each
vi\us in the panel: Negative (01) Positive (02) Equivocal (04) etc.
For MBE resulting use the following abbreviations:
* HSV TYPE

HSV 1 Positive = POS1
HSV 2 Positive = POS2
HSV 1 and 2 Negative = NEG

.

VZ Positive = POS
VZ Negative = NEG

VZV IF

. Routine Tissue Culture IF - if positive enter POS
- at the prompt enter virus code e.g. RSV, FLUA, AD.
Rapid Tissue Culture IF R-Mix Positive = PRMX
- at the prompt enter virus code e.g. RSV, FLUA, AD.
R-Mix Negative = NRMX
R-Mix Negative (Adeno only) = NARMX
SE-Mix Positive = PEMX
SE-Mix Negative = NEMX
SE-Mix Negative+R-Mix (Adeno only) Negative: NAEMX
SE-Mix Negative+R-Mix Negative — NREMX
Performance Indicator

This test is performed daily in the mornings. A control slide is tested on the first Monday of
the month, or if a new staining reagent is made. Samples are batched for ease of staining;
usually resulting in 2 or more staining runs.
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Hazards/ Special Precautions - Refer to MSDS

Reagents

-toxic, caustic and carcinogenic.

Eye protection, gloves and gown recommended for all stages of this procedure.
References

Fenner FJ, White GA (1994) Medical Virology 4th edition.
Minnich LL, Smith TF, Ray CG (1988) Rapid Detection of Viruses by
Immunofluorescence -CUMITECH 24, American Society For Microbiology.
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SUMMARY PAGE
Test Name

Viral Culture
Test code

.

<VCR - respiratory specimen culture
<VCS - faecal culture
<VCCSF - CSF culture
<VCO - other specimen culture
<YCC - specific CMV culture
<VCH - specific HSV culture
<VCVZ - specific VZV culture

*
.
* .

Minimum Sample Requirements

400ul - 600ub
Sample Collection Conditions

For NPAs, NP/Throat swabs, BALs, CSFs, Urines, Faecal, Vesicle, Tissue and Blood
specimens see their Specimen Processing Procedures.
For Eye, Nose and Throat swabs - specimens should be collected as soon as possible
after infection by a nursing sister / doctor. Swab the area using a cotton, plastic
shafted swab and place into a 5ml vial of viral transport media. Break off swab and
leave tip in the vial.
The specimen request form must show: specimen site, date and time of collection,
date of onset and duration of illness, clinical features and diagnosis, and other relevant
information e.g. overseas travel, illness in the family.
Sample Storage Conditions

For NPAs, NP/Throat swabs, BALs, CSFs, Urines, Faecal, Vesicle, Tissue and Blood
specimens see their Specimen Processing Procedures for specific sample storage
conditions.
For Eye, Nose and Throat swabs - store samples at 4°C until testing is performed.
Sample Transport Conditions

Samples are transported to the laboratory in a biohazard specimen bag as quickly as
possible after collection.
- ’
For NPAs, NP/Throat swabs, BALs, CSFs, Faecal, Vesicle, Blood and Tissue
specimens see their Specimen Processing Procedures for specific sample transport
conditions.
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External Quality Assurance: No external QA is available.
Conditions for acceptance of results: Inoculated tissue culture tubes/shell vials must
have at least a 70% cell monolayer present at the end of their incubation period for
test results to be acceptable.
Known Interferences: Specimens may be toxic to tissue culture. Toxicity is usually
seen within 24-48 hours post inoculation. If this occurs the specimen may be diluted
slightly with 2% MEM and inoculated into new tissue culture tubes/shell vials.
Specimens may also be contaminated with high levels of bacteria and fungi. Again
thi^usually occurs within 24-48 hours post inoculation. The specimen must be filtered
with a 0.2um filter and inoculated into new tissue culture tubes/shell vials.
Tissue culture cells may also be contaminated with other viruses e.g. simian virus
before inoculation. When a batch of tissue culture tubes/shell vials are ready for use,
they must be examined and found to be free from contaminating endogenous viruses.
■>
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TEST METHODS
PRINCIPLE:
Specimens are inoculated into tissue culture shell vials and/or tubes. Tissue culture
tubes are incubated in roller drums at either 33°C or 37°C. Specimens inoculated into
shell vials are incubated at 37°C in level racks. The specific viral culture test ordered
determines tissue culture tubes/shell vials, incubation temperature and incubation
period e.g. <VCC,: MRC-5 tube incubated at 37°C for 21 days. Shell vials are tested
at 3 days where viruses are identified by Immunofluorescence. Tissue culture tubes
are inspected for cytopathic effect (CPE) every 1-2 days. Viruses that are detected by
CPE can be identified by Immunofluorescence, Acid Sensitivity, or CPE alone.
PROCEDURE:
Specimen Collection

Specimens shobld be collected as soon as possible after the clinical onset of disease.
Appropriate specimen collection is essential for accurate and reliable viral detection.
The site of the specimen should correlate with clinical presentation and local
epidemiological patterns of viral disease. Therefore, a number of different specimens
may be required to detect the virus responsible. See the table below for preferred viral
specimens:
CLINICAL SYNDROME
or INVOLVEMENT OF
Respiratory tract

SPECIMEN REQUIRED

Central Nervous system

Throat/Nose swab
Faeces, CSF, (Urine)
Throat/Nose swab
Faeces, (Urine)
Throat/Nose swab
Faeces, (Urine)
Throat/Nose swab
Faeces, CSF, (Urine)
Throat/Nose swab/NPA
Faeces
Vesicle cells for HSV,VZV
Eye conjunctival swabs or
scrapings.
Throat/Nose swab
Faeces, Urine

Alimentary tract
Cardiovascular system
P.U.O.
Skin lesions
Conjunctivitis
Congenital infections
or abnormalities
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NPA, NP/Throat swab,
(Nose swab)

NOTES
-Nose swabs are only
recommended for
Rhinovirus.
-Urine recommended
for Mumps virus.
-Urine recommended
for CMV.
-Urine recommended
for CMV.
-Urine recommended
for CMV.
-NPA recommended
For Measles.

Specimens should be
collected as early as
possible. Two
specimens of urine
collected on different
days recommended
for CMV infections.
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Specimen Inoculation

Specimens are inoculated into R-Mix shell vials, SE-Mix shell vials and MRC5 tissue
culture tubes according to the specific viral test ordered as shown below:
SPECIMEN

TEST CODE

CELL TYPES

NPAs, NP/Throat swabs
-IF Neg
NPAs, NP/Throat swabs
-Flu
*•«-. Pos
- '
BALs

<VCR

R-Mix, MRC5

<VCR

R-Mix/MDCK

<VCR

R-Mix, SE-Mix, MRC5

TISSUES
-Respiratory

<VCR

R-Mix, SE-Mix, MRC5

TISSUES
^
-Other
THROAT
SWAB
EYE SWAB

<VCO

SE-Mix, MRC5

<VCO

R-Mix, SE-Mix, MRC5

<VCO

R-Mix, SE-Mix, MRC5

CSF

<VCCSF

SE-Mix, MRC5

FAECES

<VCS

R-Mix, SE-Mix, MRC5

URINE
-CMV
URINE
-Adeno
VESICLE

<VCC

MRC5

<VCC

R-Mix, MRC5

<VCH
<VCVZ

BLOOD

<vco

MRC5
MRC5
R-Mix, SE-Mix, MRC5
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<VCR - respiratory specimen culture
NPAs, NP/Throat swabs, BALs have viral culture performed if the
Immunofluorescent result is negative:
Thaw NPA, NP/Throat swab, BAL supernatants.at room temperature.
Discard media from an MRC-5 tube.
Using a sterile disposable pipette add 1.5ml of 2% MEM to the tube.
Discard media from an R-Mix shell vial. For BALs, discard media from an
SE-Mix shell vial as well.
•
^

Using a sterile disposable pipette add 4-6 drops (200-3OOul) of specimen to the
tube/shell vials. For NPAs, NP/Throat swabs, BALs only the supernatant is
inoculated (see their Specimen Processing Procedures).
V

Incubate tube in a roller drum at 33°C for 3 weeks (if CMV is suspected
incubate for 4 weeks).
Centrifuge the R-Mix / SE-Mix shell vial at 4244rpm (3000g) for 15 mins.
Using a sterile disposable pipette, add 1.5ml of 2% MEM to the shell vial.
Incubate at 37°C for 3 days in a stationary position.
Store specimens at -80°C.
N.B. If NPAs, NP/Throat swabs and BALs are positive for Influenza by
immunofluorescence only a R-Mix shell vial or MDCK tube is inoculated.
NPAs, NP/Throat swabs, BALs that specifically request Measles virus
detection are sent to ICPMR for both immunofluorescence and viral culture.
<VCS - faecal specimen culture
Faecal culture is not routinely performed on every specimen e.g. diarrheal stools
are tested for Rotavirus/Adenovirus by a rapid immunochromatographic strip test and
Norovirus by ELISA.
Viral culture is only performed if specific viruses are queried e.g. Enterovirus,
Adenovirus:
Discard media from an MRC-5.
Using a sterile disposable pipette add 1.5ml 2% MEM to the tube.
Discard media from an R-Mix and SE-Mix shell vial.
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Draw all of the supernatant into a sterile 3cc syringe, attach a 0.2um syringe
filter and add 4-6 drops (200-3 OOul) of supernatant to the tube/shell vials (see
Specimen Processing Procedures for faeces).
Centrifuge the R-Mix and SE-Mix shell vials at 4244rpm (3000g) for 15 mins.
Using a sterile disposable pipette add 1.5ml 2%MEM to each shell vial. >
Incubate tube/shell vials for 2 hours at 37°C in a stationary position.
*

Discard media/specimen from each tube/shell vial and using a sterile
disposable pipette add 1.5ml 2% MEM.
Incubate the tube in a roller drum at 37°C for 2 weeks.
Incubate the shell vials at 37°C for 3 days in a stationary position.

.

Store supernatant at -80°C.
-

<VCCSF - CSF specimen culture
CSFs are only routinely cultured if their white cell count is >=5
(see Specimen Processing Procedures for CSFs).
Discard media from an MRC-5 tube.
Using a sterile disposable pipette add 1.5ml 2% MEM to the MRC-5 tube.
Discard media from an SE-Mix shell vial.
Using a sterile disposable pipette add 4-6 drops (200-300ul) of CSF to each
tube/shell vial.
Incubate the tube in a roller drum at 37°C for 3 weeks.
Centrifuge the SE-Mix shell vial at 4244rpm (3000g) for 15 mins.
Using a sterile disposable pipette add 1.5ml 2% MEM to the shell vial.
Incubate the shell vial at 37°C for 3 days in a stationary position.
Store CSF specimen at 4°C.

<VCO - other specimen culture
This test code is used for specimens such as throat swabs, eye swabs, tissues and
blood . This code is also used for specimens that specifically request Rubella, Measles
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or Mumps culture - these specimens are sent to ICPMR, Westmead Hospital for viral
culture and a comment is entered in MBE that they have been sent there.
Discard media from an MRC-5 tube
Please note: Blood specimens only require a SE-Mix shell vial and MRC-5
tube.
' .
Using a sterile disposable pipette add 1.5ml 2% MEM to the MRC-5 tube.
•j

Discard media from a R-Mix and SE-Mix shell vial.
Using a sterile disposable pipette add 4-6 drops (200-3 OOul) of specimen to
each shell vial/tube.
(See Specimen Processing Procedures for tissues and blood).
Incubate the MRC-5 tube in a roller drum at 37°C for 3 weeks.
Centrifuge the shell vials at 4244rpm (3000g) for 15 mins.
Using a sterile disposable pipette, add 1.5ml of 2% MEM to the shell vial.
Incubate at 37°C for 3 days in a stationary position.
Store specimens at -80°C.
<VCC - specific CMV culture
This test code is used specifically for CMV culture mainly in urines:
Discard media from an MRC-5 tube and using a sterile disposable pipette add
1.5ml 2% MEM.
If Adenovirus is also required a R-Mix shell vial is needed - discard media
from the shell vial.
Using a sterile disposable pipette add 4-6 drops (200-300ul) of urine or other
specimen into the MRC-5 tube, and an R-Mix shell vial if required.
(See Specimen Processing Procedures for Urine).
Centrifuge the R-Mix shell vial at 4244rpm (3000g) for 15 mins.
Using a sterile disposable pipette add 1.5ml of 2% MEM to the shell vial.
For urines: incubate tube/shell vial at 37°C for 2 hours in a stationary position.
Discard media/specimen from tube/shell vial and using a sterile disposable
pipette add 1.5ml of 2% MEM.
Incubate the tube in a roller drum at 37°C for 4 weeks.
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Incubate the shell vial at 37°C for 3 days in a stationary position.
Store specimens at -80°C.
<VCH - specific HSV culture and <VCVZ - specific VZV culture

:

The <VCH test code is used for HSV culture mainly in skin swabs.
The <VCVZ test code is used specifically for VZV culture.
If the specimen request form does not state which herpes virus to culture <VCVZ is
ordered.
Discard media from an MRC-5 tube and add 1.5ml 2% MEM.
Using a sterile disposable pipette add 4-6 drops (200-3OOul) of specimen to the
MRC-5 tube.
^•

Incubate in a roller drum at 37°C.
<VCH is incubated for 10 days. <VCVZ is incubated for 3 weeks.
Store specimen at -80°C.
Viral Identification
1. Rapid Viral Culture

Immunofluorescence is performed on R-Mix and SE-Mix shell vials after 3 days
incubation at 37°C. Examine shell vials vi sually for contamination. If present follow
“Contamination” procedure in the Routine Viral Culture section. If no contamination
present proceed as follows:
R-Mix Shell Vials
In MBE under “procedure” enter DIFRMIX
Print a worklist in WQS using test code: W DIFAG
Decant most of the liquid from the shell vial into a sterile 5ml vial.
- leave approximately 0.3ml in the shell vial.
Using a sterile disposableqnpette, scrape all the attached cells from the
coverslip. Take care to scrape the cells from around the edges.
Mix the cell suspension well and place d drop onto a glass slide for the
Immunofluorescent test to be performed:
- For NPA negatives the DFARS / SIMFII stain is done first.
- For Influenza positives perform either the FA or FB stain.
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For stools, eye swabs, tissues (other than respiratory) only do the Adeno
stain.

Store the shell vial and 5ml vial at 4°C until testing is finished.
If the DFARS / SIMFII stain is positive, consider the virus responsible from
the staining pattern - place 1 drop onto a glass slide and perform the.relevant
stain.
Enter the IF results in MBE:
(1) if Negative : enter N at the IF stain performed.
(2) If Positive : enter P at the IF stain performed.
When the IF is positive (except for Flus):
- pour the supernatant from the 5ml vial back into its shell vial and place all
contents into a sterile 2ml freezer vial. Enter the specimen into the “Virus
Isolate Record” and store at -80° in the correct virus isolate box and
position.
For Influenza positives:
- pour the supernatant from the 5ml vial back into its shell vial.
Place 0.5 - 0.7ml into a sterile 2ml freezer vial. Enter the specimen into
the “Virus Isolate Record” as above and store at -80°C. Send the rest of the
shell vial and its contents to ICPMR, Westmead Hospital for Influenza
typing.
For negative specimens, the shell vial and 5ml vial can be discarded.
Testing for the R.-Mix shell vials is now finished - Enter a report into MBE.
Please Note - 2 Positive control specimens are inoculated when a new batch
of R-Mix cells are first used for testing
- Adenovirus and a Parainfluenza virus.

Record their IF result on the W DIFAG worklist sheet and in the
“Tissue Culture Control Status” folder sheet. These 2 Positive controls must
give positive IF results for all tests results using that batch to be accepted, and
a report entered into MBE.
SE-Mix Shell Vials
In MBE under “procedure” enter DIFEMIX
Print a worklist in WQS using test code: W DIFAG
Decant most of the liquid from the shell vial into a sterile 5ml vial.
- leave approximately 0.3ml in the shell vial.
Using a sterile disposable pipette, scrape all the attached cells from the
coverslip. Take care to scrape the cells from around the edges.
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Mix the cell suspension well and place 1 drop onto a glass slide.
Perform the Enterovirus staining procedure.
Store the shell vial and 5ml vial at 4°C until testing is finished.
Enter the IF results in MBE:
(1) if Negative : enter N at the IF stain performed.
(2) if Positive ; enter P at the IF stain performed.
For Enterovirus positives:
- Pour the supernatant from the 5ml vial back into its shell vial.
Place 0.5-0.7ml into a sterile 2ml freezer vial. Place the 2ml vial
Into the “Enterovirus Type-Pending” box stored in -80°C.
- Send the rest of the shell vial and its contents to ICPMR for
Enterovirus typing.
When the typing result comes back from ICPMR:
- Write the result on the vial in the “Enterovirus Type Pending” box.
- Enter the specimen into the “Virus Isolate Record” and store the
vial at -80°C in the correct virus isolate box and position.
For Enterovirus negatives: testing for the SE-Mix vials is now finished and the
vials may be discarded.
Enter a report into MBE for all specimens.
Please Note: 2 Positive control specimens are inoculated when a new batch of
SE-Mix cells are first used for testing:
- Poliovirus and Echovirus.

Record their IF result on the W DIFAG worklist sheet and in the
“Tissue Culture Control Status” folder sheet. These 2 Positive controls must
give positive IF results for all tests results using that batch to be accepted, and
a report entered into MBE.
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2. Routine Viral Culture
Routinely tissue culture tubes are inspected for cytopathic effects (CPE) every 1-2
days using the Inverted microscope.
Examination for Cvtopathic Effect (CPE)

.

Outstanding viral culture tests are checked in Pathnet via WQS:
WQS will list specimens from the oldest to most recent outstanding.
^

Log into WQS and match the specimen Accession Number to its
corresponding tube/tubes.
' .
Examine the tubes for CPE under the inverted microscope using the X4
objective.
The table below gives common patterns of CPE for each virus and the cell line
favoured.

VIRUS

Adenovirus
Enteroviruses

CMV
HSV
Mumps
Rhinovirus
RSV
VZV

CPE

Grape-like clumping of rounded,
dark, granular cells
Cell rounding, shrinkage and
degeneration
Focal lesions
Clusters of giant, multinucleated,
balloon cells
Some syncytial formation
Cell rounding seen as focal areas
of small and large cells -“salt +
pepper”
Syncytial formation
Focal lesions of rounded cells

MRC-5

IDENTIFICATION
TEST
CPE + IF

CoxA-MRC-5
Polio - MRC-5
Echo - MRC-5

CPE and serotyping
(ICPMR) +/- Acid
sensitivity.

MRC-5
MRC-5

CPE +/- IF
CPE + IF

MRC-5
MRC-5

CPE + IF (ICPMR)
CPE and Acid
sensitivity

+/- MRC-5
MRC-5

CPE + IF
CPE + IF

CELL LINE

If CPE is seen identify the pattern and consider the virus responsible.
Record the strength of CPE: 1+ —» 4+ and the tube/tubes effected.
From the table above perform suitable identification tests e.g. IF, acid
sensitivity.
Most viruses require two identification tests. The exception is CMV:
CMV is usually identified by CPE alone.
IF is only performed if CPE is atypical.
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Please Note: 2 Positive control specimens are inoculated when a new batch of
MRC-5 cells are first used for testing:
_
- HSV 1 and Adenovirus.

Record their IF result on the W DIFAG worklist sheet and in the
“Tissue Culture Control Status” folder sheet. These 2 Positive controls must
show typical CPE and give positive IF results for all tests results using-that
batch to be accepted, and a report entered into MBE.
Toxicity: Specimens may be toxic to tissue culture, particularily urines and
faeces. This usually happens within 24-48 hours. Specimens need to be
reinoculated into new tissue culture tubes:
' .

*

In MBE: (1) under “procedures” enter RI (reinoculate).
(2) under “comments” enter RI, which tubes are to be Rl’d
and TOXIC in the space provided.
Print a work list in WQS using test code: WRI.
Retrieve specimen from -80°C and thaw.
Dilute with an equal volume of 2% MEM (1:2 dilution).
Using new tissue culture tube/s, discard media and with a sterile
disposable pipette add 1.5ml 2% MEM.
Using a sterile disposable pipette add 4-6 drops (200-300ul) of diluted
specimen.
For Urines and Faeces: incubate tubes at 37°C for 2 hours in a
stationary position.
Discard media/specimen and using a sterile disposable pipette add
1.5ml 2% MEM.
Re-incubate tubes and start the incubation period from the date diluted,
not the original start date.
Store diluted specimen at -80°C.
If toxicity is still present in the tissue culture tubes after dilution; viral
culture cannot be performed on the specimen.
Contamination'. If contamination is seen in any tissue culture tubes, the
specimen needs to be filtered:
.
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Print a work list in WQS using test code: WRI.
Retrieve specimen from -80°C freezer and thaw.
Using new tissue culture tube/s, discard media and with a sterile
disposable pipette add 1.5ml 2%MEM.
Draw up specimen into a sterile 3cc syringe.

*

Attach a 0.2um sterile filter to the end of the syringe and add 4-6 drops
(200-300ul>of filtered specimen into the new culture tube/s.
The remaining filtered specimen is placed into a sterile,5ml vial.
Label the vial with the Accession No., date of filtration and “filtered”.
Re-incubate tubes and start the incubation period from the date filtered,
not the original start date.
*»
v
Store filtered specimen at -80°C.
Passaging: If any tissue culture tubes start to have peeling or dying cells they
need to be passed into new tubes. Passaging can also be used to distinguish
dying cells from cellular changes caused by CPE. If viruses are actually
present the titre will be increased and CPE evident.
In MBE: (1) under “procedures” enter PASS.
(2) under “comments” enter the tube/s to be passed and
reason for passing.
Print a work list in WQS using test code: WRI.
Tip off most of the media from the culture tube to be passaged into a
sterile 5ml vial, leaving approx. 0.5ml.
Obtain a new tissue culture tube, discard media and using a sterile
disposable pipette add 1.5ml 2% MEM.
Using a sterile pasteur pipette, scrape the attached cells from the side
of the tube to be passaged.
Mix the suspension well and place about 10 drops (250ul) into the new
tissue culture tube.
Re-incubate tubes and the incubation period for the test will remain the
same. However, passaged tubes need to be kept 3-5 days before being
discarded.
Store the original tissue culture tube at -80°C until testing is finished.
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Immunofluorescence
If CPE is seen and Immunofluorescence is required for confirmation of the suspected
virus; cell slides need to be prepared:
In MBE: (1) under “procedures” enter DIFAG.
(2) under “comments” put an X at the IF stain not being
performed.

.

Print a work list in WQS using test code: W DIFAG.
'«■

Decant most of the fluid from the tissue culture tube into a sterile 5ml vial.
Leave approximately 0.5ml in the tube.
' \
Using a sterile pasteur pipette, scrape the attached cells from the side of the
tube.
Mix the Suspension well and place 1 drop onto a glass slide for the
immuno fluorescent test to be performed.
N.B. HSV requires 2 separate drops.
Store the tube and 5ml vial at 4°C until testing is finished.
Follow the relevant IF staining procedure.
(See Immunofluorescence Procedures).
Enter the IF results in MBE:
(1) if Negative: enter N at the IF stain performed
(2) if Positive: enter P at the IF stain performed.
When the immunofluorescence is positive: pour the supernatant from the 5ml
vial back into its tissue culture tube and place all contents into a sterile 2ml
freezer vial. Enter the specimen in the “Virus Isolate Record” and store at
-80°C in the correct virus isolate box and position.
Testing for that tube is finished and if there is another tube for that specimen
not showing CPE; it is incubated until the test period is over.
If immunofluorescence is negative, pour the supernatant from the 5ml vial
back into its tissue culture tube and pass into a new tissue culture tube.
(See Passaging method above). Continue examining the tube for CPE every 1 2 days and reconsider the virus responsible.
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Acid Sensitivity
Acid sensitivity is used to identify Rhino from Enterovirus. Rhinovirus has a very
typical “salt and pepper” CPE but can sometimes be difficult to identify from
Enteroviruses:
.
In MBE: (1) under “procedures” enter PASS.
• t
(2) under “comments” enter Acid Sensitivity in the space provided.
Print a work list in WQS using test code: WRI.
Using sterile disposable pipettes:
Add 3.6ml of 2% MEM pH7.2 to a sterile 5ml vial.
Add 3.6ml of 2% MEM pH3.0 to a sterile 5ml vial.

_

vAdd 0.4ml of culture supernatant to each vial (1:10 dilution).
Stand tubes at room temperature for 3 hours.
Discard media from 2 MRC-5 tubes and using a sterile disposable pipette add
1.5ml of 2% MEM. Label 1 tube pH3 and the other pH7.
Inoculate 0.4ml of each pH dilution into the appropriate MRC-5 tube.
Incubate in roller drum at 33°C and observe for CPE after 3 days.
Enterovirus tolerates a pH range of 3.0-9.0 and will grow in both the pH3 and
pH7 tubes. Rhinovirus does not tolerate pH <6.0 and so will only grow in the
pH7 tube.
Infrequently, when tubes have a very high titre of Rhinovirus, the virus may
not be completely inactivated at pH3. If there is significantly less virus present
in the pH3 tube compared to the pH7, this is interpreted as acid sensitivity and
Rhinovirus is identified.
If Enterovirus is identified, one of the pH tubes needs to be sent to ICPMR for
serotyping. Usually the tube with the most viral growth is sent. The other is
stored in -80°C until serotyping is complete.
For Rhinovirus and serotyped Enteroviruses, the isolate must be placed into a
sterile 2ml freezer vial. Enter the specimen in the “Virus Isolate Record” and
store at -80°C in the correct virus isolate box and position.
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REAGENTS. MATERIALS:

2% MEM

..

See Media Preparation Manual
t>H3 2% MEM
Add sufficient IN HCL to 100ml 2% MEM to lower pH to 3.
The media should then be a bright-yellow colour.
Check pH using a pH meter.
Discard 2 months from the date of 2%MEM preparation.
IN HCL
---------Supplied by Media Section.
Phenol-Red PBS plus Antibiotics
To 100ml 2%MEM add: 0.8ml Penicillin Working Solution
0.8ml Fungizone Working Solution
1.6ml Gentamicin Working Solution
For Working Solutions see Media Preparation Manual.
MRC-5 TUBES
See MRC-5 Preparation Method
SE-Mix SHELL VIALS
See SE-Mix Preparation Method
R-Mix SHELL VIALS
See R-Mix Preparation Method

'

0.2um Syringe Filters
Sterilised, DYNAGUARD Cat. No. DG2M-330-50S
3cc Syringes
Sterile, 3cc tuberculin, single use.
Stored in Pathology Collection Room.
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5ml Vials
Sterile, Cat. No. JHNSP2009X, Selby Biolab.
10ml Centrifuge Tubes
Sterile, Cat. No. JHNSCF003X, Selby Biolab.
2ml Freezer Vials

*
n

Sterile, screw-capped, O-ring seal, Cat. No. 72.694.006, Sarstedt.
-

Freezer Boxes for Positive Isolates
Cardboard, 100 places, Sarstedt Cat. No.5954.
Glass Slides
Sail Brand, frosted, G/edge, Cat. No. 7105, Lomb Scientific.
Disposable Pipettes
Sterile transfer pipettes, Cat. No. 222-205, SAMCO.
Pasteur Pipettes
9 inch, non-sterile, 250/case, Cat. No. 93, Chase Instruments.
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RESULTS
1. Rapid Viral Culture

Immunofluorescence is read by the Technical Officer/Scientific Officer on duty.
Any questionable immunofluorescence is checked by the Scientific Officer on duty.
R-Mix Shell Vials
Enter a Report into MBE:

-

(1) Tf immunofluorescence is Negative enter NRMX, and the “Preliminary Report”
will appear.
*
(2) For Stools, Eye Swabs, and Tissues(other) that are Negative for Adenovirus
only, enter NARMX and the “Preliminary Report” will appear.
(3) If immunofluorescence is Positive enter PRMX, then “Final Report” template
will appear - enter specific virus code e.g. RSV, PF1

_

Negative specimens that have a Preliminary Report for Rapid Viral Culture await Routine
Viral Culture results to be finalised and have a Final Report issued.
SE-Mix Shell Vials
Enter a Report into MBE:
.

(1) If immunofluorescence is Negative enter NEMX, and the “Preliminary Report”
will appear.
(2) For Stools, Eye Swabs, and Tissues(other) that are Negative for both
.
R-Mix(Adenovirus only) and SE-Mix, enter NAEMX and the “Preliminary
Report” will appear.
(3) For Throat Swabs, BALs, and Tissues(respiratory) that are Negative for both
R-Mix(all respiratory viruses) and SE-Mix enter NREMX and the
“Preliminary Report” will appear.
(4) If immunofluorescence is Positive enter PEMX and the “Preliminary Report” will
appear.

Negative specimens that have a Preliminary Report for Rapid Viral Culture await Routine
Viral Culture results to be finalised to have a Final Report issued.
Positive specimens that have a Preliminary Report for Rapid Viral Culture await Enterovirus
Typing results plus Routine Viral Culture results before a Final Report can be issued.
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Routine Viral Culture

Viral culture and subsequent tests performed for identification is read by the Technical
Officer/Scientific Officer on duty.
Any questionable CPE or test results are checked by the Scientific Officer on duty.
Specimens that are Positive as a result of CPE or additional tests of Immunofluorescence and
Acid Sensitivity are resulted in PATHNET via MBE (with the exception of Enteroviruses):
(1) in “procedures” enter POS, then “Final Report” template will appear.
(2) Enter specific virus code e.g. HSV1, HSV2, VZ, AD etc.*
*■»
"
For Enterovirus positive specimens identified by CPE and +/- Acid Sensitivity result in
PATHNET via MBE:
(1) in “procedures” enter ENTYPE, then “Preliminary Report” template will appear.
(2) when report is received from ICPMR:
- in “procedures” enter POS and fill in the relevant virus code e.g. COXB5
- in “procedures” enter ICPMR on the last line of the report.

Specimens with viruses that cannot be identified and need to be sent to ICPMR, Westmead
Hospital for further testing e.g. unusual CPE, are resulted as follows in MBE:
(1) in “procedures” enter ISOWP, then “Preliminary Report” template will appear.
(2) when report is received from ICPMR:
- in “procedures” enter POS if a virus was identified and fill in the relevant virus
code.
- in “procedures” enter NVI if no virus was identified.
- in “procedures” enter FINAL, then TXT in the space provided, then type in the
report for results other than Positive or NVI.
- for whatever the ICPMR result, in “procedures” enter ICPMR on the last line of
the report.

Specimens are considered Negative if they have reached the end of their incubation period
and no virus is identified. They are resulted in MBE as follows: in “procedures” enter NVI.
Performance Indicator

This test is performed daily or as required. Specimens are not batched but tested as soon as
possible after being received in the laboratory. Control slides are tested in
Immunofluorescence on the first Monday of each month or when a new reagent is used.
For Rapid and Routine Viral Culture: 2 positive specimens are inoculated when a new batch
of R-Mix, SE-Mix cells and MRC-5 cells are first used for inoculation e.g.
R-Mix: a Parainfluenza virus and Adenovirus specimen.
SE-Mix: a Poliovirus and Echovirus specimen.
MRC-5s: a HSV1 and Adenovirus specimen.
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Hazards/ Special Precautions - Refer also to MSDS

Exposure to patients
Exposure to patients’ secretions
Reagents

-potential biohazard and physical hazard
-potential biohazard
-toxic, caustic and carcinogenic

Eye protection, gloves and gown recommended for all stages of this procedure.
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