
Over the past few decades, the global emergence of antibiotic-resistant pneumococcal strains has
complicated disease management. Thus, healthcare practitioners have begun to place more emphasis
on the judicious use of antibiotics and prevention of disease through routine immunisation.8,9 This
article reviews the increasing incidence of pneumococcal antibiotic resistance and the potential role
of pneumococcal conjugate vaccines in reducing antibiotic use and the spread of antibiotic-resistant
pneumococcal strains.
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Abstract
Streptococcus pneumoniae is a major cause of morbidity and mortality in young children throughout
the world, causing both invasive (meningitis, bacteraemia) and non-invasive (pneumonia, acute otitis
media, sinusitis) infections. Over the past few decades, the global emergence of antibiotic-resistant
pneumococcal strains has complicated disease management. Thus, healthcare practitioners have
begun to place more emphasis on the judicious use of antibiotics and prevention of disease through
routine immunisation. Researchers have developed several pneumococcal conjugate vaccines, which
due to their technology, are effective in infants and young children. Currently, one 7-valent pneumo-
coccal conjugate vaccine (PNCRM7; Prevenar®, Wyeth) is available in various parts of the world and
has demonstrated excellent efficacy against vaccine-type invasive disease and efficacy against
pneumonia and otitis media caused by the serotypes included in the vaccine. Furthermore, there is
evidence suggesting that the use of these conjugate vaccines will reduce the need for antibiotics and
the subsequent spread of antibiotic-resistant pneumococci. Ultimately, when routine pneumococcal
conjugate vaccination of infants and young children is accompanied by supportive education and
active disease surveillance as well as judicious use of antibiotics, there should be a favourable impact
on pneumococcal disease incidence in and beyond the vaccinated population. Commun Dis Intell
2003;27 Suppl:S135–S143.
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Introduction

Streptococcus pneumoniae is a major cause of morbidity and mortality in young children throughout the
world.1 The leading cause of bacterial meningitis in infants and children,2 S. pneumoniae also causes
other invasive infections, such as bacteraemia and bacteraemic pneumonia. Non-invasive infections
commonly caused by S. pneumoniae include non-bacteraemic pneumonia, acute otitis media (AOM)
and sinusitis.1

The annual incidence of invasive pneumococcal disease in Australia ranges from 31.7 to 2,053 cases
per 100,000 population, depending on the geographic region, age, and ethnic background of the
population studied.3,4,5,6,7 As shown in Figure 1, the incidence of disease is high among children
younger than 2 years, with the highest incidence seen in indigenous children.
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Figure 1. Annual incidence of invasive pneumococcal disease in various regions of Australia3,4,5,6,7

Microbiology, transmission, and carriage of pneumococci

Microbiology

Pneumococci are gram-positive, lancet-shaped bacteria that occur in chains (streptococci) or in pairs
(diplococci) and are typically surrounded by a large complex polysaccharide capsule. Based on
differences in the composition of the polysaccharide capsule, there are approximately 90 known
serotypes of S. pneumoniae. The prevalence of different serotypes varies by age, geographic location,
and type of disease.10 In the Australian population, 7 serotypes (4, 6B, 9V, 14, 18C, 19F, 23F) cause
between 62 per cent and 88 per cent of invasive pneumococcal disease among children younger than
5 years (Figure 2).3,5,6,11 Interestingly, the proportion of invasive pneumococcal disease caused by
these serotypes is somewhat lower among young children of indigenous descent.5,12

Figure 2. Proportion of invasive pneumococcal disease cases attributed to serotypes 4, 6B, 9V, 14,
18C, 19F, and 23F, by region3,5,6,11
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Nasopharyngeal carriage and transmission

Asymptomatic nasopharyngeal carriage of pneumococci is widely prevalent among young children
(ranging from 28% to 86% throughout the United States of America and Europe) and is often the first
step in disease transmission.13,14,15,16 Consequently, young children play an important role in the
transmission of pneumococcal disease in the community because of their high carriage rate and the
ease with which they can transmit the disease through expulsion of respiratory droplets. Consistent
with the findings from other countries, studies in southern Australia among children younger than 
5 years of age have found pneumococcal nasopharyngeal carriage rates ranging between 37 per cent
and 52 per cent.17 Of particular note, half of these isolates were resistant to antibiotic treatment.17

Pneumococcal antibiotic resistance

Historically, penicillin has been the agent of choice for treatment of pneumococcal disease; however,
the widespread use and overuse of penicillin has resulted in the development of penicillin-non-
susceptible pneumococcal strains and necessitated changes in treatment.8,9,18,19,20 Penicillin non-
susceptibility—the degree of resistance to treatment—is classified according to minimum inhibitory
concentrations (MICs), defined as the minimum concentration of a particular antibiotic needed to stop
pneumococcal growth in vitro (Table 1).21,22

Table 1. Definition of penicillin resistance21,22
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Level of resistance* Minimum inhibitory concentration

Susceptible ≤0.06 µg/mL

Intermediate susceptibility 0.1-1 µg/mL

Resistant ≥ 2 µg/mL

* As defined by the United States of America National Committee for Clinical and Laboratory Standards.

Rates of pneumococcal non-susceptibility vary geographically and are rising throughout the world. For
example, penicillin non-susceptibility in Spain increased from 6 per cent in 1979 to 44.3 per cent in
1989. By 1999, approximately 60 per cent of all pneumococcal isolates were penicillin non-
susceptible.23,24 Similarly, in the United States of America (USA), an 11-fold increase in the rate of
penicillin non-susceptibility was observed between the years 1986 (3.8%) and 1997 (43.8%).25 The
proportion of penicillin-non-susceptible pneumococci has increased in south-eastern Australia as well.
In 1990, approximately 2 per cent of isolates were intermediately resistant to penicillin; by 2000,
approximately 10 per cent of isolates from blood and cerebrospinal fluid (CSF) cultures and just over
35 per cent of isolates from sites other than blood and CSF exhibited non-susceptibility to penicillin.19

Further evidence of the dramatic increase in antibiotic resistance is provided by a 1997 Australian-
wide surveillance study showing that approximately 25 per cent of the 1,020 isolated strains were
non-susceptible to penicillin (16.8% were intermediately resistant and 8.6% were resistant).26 Rates
of resistance to other drugs were also relatively high, with 15.6 per cent of strains resistant to
erythromycin, 15.7 per cent resistant to tetracycline, 21.4 per cent resistant to cefaclor, 33.4 per
cent resistant to cotrimoxazole, and 3.1 per cent each resistant to amoxicillin-clavulanate and
ceftriaxone.26
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Not surprisingly, the problem of multidrug-resistant strains has been growing at an alarming rate
worldwide.9,19,26 For example, a 1997 USA surveillance study reported that 36.7 per cent of penicillin-
intermediate and 65.6 per cent of penicillin-resistant isolates were also resistant to macrolide
antibiotics.27 With respect to Australia, Gratten and colleagues identified 27 cases of multidrug-
resistant S. pneumoniae in Queensland between 1995 and 1996.28 All 27 isolates demonstrated
resistance to cotrimoxazole, 19 strains (70%) were resistant to chloramphenicol, 25 strains (93%)
were resistant to erythromycin, and 25 strains (93%) were resistant to tetracycline. Penicillin-non-
susceptible strains were recovered from 18 of the 27 multidrug-resistant cases (66.7%). Furthermore,
14 penicillin-resistant isolates were also resistant to ceftriaxone. The serotype distribution of these
multidrug-resistant pneumococci included serotype 19F (15 isolates), serotype 14 (6 isolates),
serotype 23F (4 isolates), serotype 6A (1 isolate), and serotype 19A (1 isolate).

The spread of antibiotic-resistant pneumococci has been associated with out-of-home childcare
attendance and previous antibiotic use.29,30,31 Day care attendance increases the risk of resistant
pneumococcal disease due to frequent contact with other children, exposure to a greater number of
serotypes, and difficulty in maintaining hygienic conditions.30.31 Furthermore, Levine and colleagues
reported that children in day care are more likely to have had a recent ear infection and more likely
to have one recent course of antibiotics.30

Taken together, the dramatic increase in the prevalence of antibiotic-resistant pneumococci and the
persistently high morbidity and mortality associated with pneumococcal infections has shifted the
focus of disease management from antibiotic therapy to the prevention of infection through immun-
isation.2,8,9

Role of vaccination in reducing antibiotic resistance

Although pneumococcal polysaccharide vaccines have been available since the 1980s, they are
ineffective in children younger than 2 years because they produce a T-cell–independent immune
response.32 To overcome this problem, researchers have developed several pneumococcal conjugate
vaccines based on the same principles used to develop the highly successful Haemophilus influenzae
type b vaccine. Table 2 shows the serotypes and carriers used in the various pneumococcal conjugate
vaccines. The only pneumococcal conjugate vaccine available to date is a 7-valent vaccine (serotypes 4,
6B, 9V, 14, 18C, 19F, and 23F) conjugated to a non-toxic diphtheria variant (CRM197) (PNCRM7;
Prevenar®; Wyeth).

Table 2. Composition of pneumococcal conjugate vaccines

Vaccine Protein carrier Serotypes Manufacturer

PNCRM7 Non-toxic variant (CRM197) 4, 6B, 9V, 14, 18C, Wyeth 

19F, 23F

PNCRM9 CRM197 1, 4, 5, 6B, 9V, 14, 18C, Wyeth 

19F, 23F

PNCOMP7 Outer membrane of Neisseria 4, 6B, 9V, 14, 18C, 
meningitidis group B 19F, 23F Merck and Co.

PNC–D/T Diphtheria and tetanus toxoids 1, 3, 4, 5, 6B, 7F, 9V, Aventis-Pasteur
14, 18C, 19F, 23F

PNC–protein D Haemophilus influenzae protein D 1, 3, 4, 5, 6B, 7F, 9V, GlaxoSmithKline
14, 18C, 19F, 23F
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PNCRM7 has demonstrated excellent efficacy against vaccine-type invasive disease and moderate
efficacy against vaccine-type AOM. In the first of two safety and efficacy trials, the Northern California
Kaiser Permanente (NCKP) study, subjects were randomly assigned to immunisation with PNCRM7 or
the meningococcal group C conjugate vaccine (control).2 Efficacy of PNCRM7 against vaccine-
serotype-specific invasive disease was 97.4 per cent in the per-protocol analysis (received ≥ 3 doses)
and 93.9 per cent in the intent-to-treat analysis (received ≥ 1 dose). In addition, there was a 6.4 per
cent decrease in otitis media episodes, a 9.1 per cent reduction in frequent AOM episodes, and a 
20.3 per cent reduction in tympanostomy tube insertions.

Postlicensure surveillance from this trial has shown that the incidence of invasive disease among all
children in the NCKP healthcare system (vaccinated and unvaccinated) after licensure and routine use
of the vaccine was reduced in children younger than 1 year, 2 years, and 5 years by 87.3 per cent,
58.1 per cent, and 62.4 per cent, respectively, thus suggesting that the benefits of pneumococcal
immunisation may extend to the non-vaccinated population as well (i.e., indirect or herd immunity).33

The second PNCRM7 study used a vaccination schedule similar to that of the NCKP study; 1,662
subjects were randomly assigned to immunisation with PNCRM7 or the hepatitis B vaccine (control).34

Similar to the previous study, vaccination with PNCRM7 reduced the incidence of all AOM episodes by
6 per cent, while the incidence of culture-confirmed AOM episodes and vaccine-serotype episodes
decreased by 34 per cent and 57 per cent, respectively. However, an increase of 33 per cent was
observed for episodes caused by non-vaccine serotypes.

The potential effects of the pneumococcal conjugate vaccines on antibiotic resistance have been
examined in 876 children with pneumococcal AOM in southern Israel.35 Analysis of middle ear fluid
isolates showed that 68 per cent were resistant to one or more antibiotic, 61 per cent were resistant
to penicillin, and 13 per cent were resistant to three or more antibiotic classes. Taken together with
the serotype composition of such isolates (primarily 6B, 9V, 14, 19F, and 23F), it is likely that
pneumococcal conjugate immunisation will have a significant impact on the spread of antibiotic
resistance, as these five serotypes are included in all of the pneumococcal conjugate vaccines.

Evidence suggesting that the benefits of pneumococcal vaccination extend beyond the prevention of
disease to reducing the need for antibiotic treatment has been demonstrated. In the NCKP trial
described previously, it was found that PNCRM7 reduced antibiotic use by 5.3 per cent.36 In another
study conducted in children attending day care centers in Israel, researchers compared respiratory
morbidity and antibiotic use among children receiving a 9-valent pneumococcal conjugate vaccine
(PNCRM9) with that of children immunised with a meningococcal C conjugate (control) vaccine.37

Overall reductions were seen in the incidence of upper respiratory infections (15% decrease), lower
respiratory infections (16% decrease), and AOM (17% decrease). In addition, the overall number of
days of antibiotic use was significantly reduced (by 17%, p≤0.005). When analysed by site of infection,
antibiotic use in children with upper respiratory infections, lower respiratory infections, and AOM
decreased by 10 per cent, 47 per cent, and 20 per cent, respectively (p≤0.005 for all comparisons).37

Finally, preliminary data from the United States of America (presented at the American Society for
Microbiology’s Third International Symposium on Pneumococci and Pneumococcal Diseases in
Anchorage, Alaska in May of 2002) suggest that the universal immunisation of infants and toddlers
has dramatically reduced the incidence of antibiotic-resistant pneumococcal disease among
individuals of all ages.
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Recommendations for use of PNCRM7 in Australia

PNCRM7 is indicated for the active immunisation of children 6 weeks to 9 years of age against
invasive disease, pneumonia, and otitis media caused by those pneumococcal serotypes included in
the vaccine (4, 6B, 9V, 14, 18C, 19F, and 23F). At this time, the Australian Technical Advisory Group
on Immunisation (ATAGI) recommends free (federally funded) vaccination with PNCRM7 to those
children at greatest risk for pneumococcal disease.38 All eligible children (Table 3) should receive a 
3-dose series, given at 2, 4, and 6 months of age. No booster dose is necessary for the majority of
children, with 2 important exceptions: children with impaired immunity should receive a fourth booster
dose, and certain Aboriginal and Torres Strait Islander children should receive a booster dose of the
23-valent polysaccharide vaccine (Pneumovax 23®, Merck and Co., West Point, PA). The
recommended ‘catch-up’ schedule for eligible children older than 2 months of age is provided in Table 4.38

Finally, ATAGI is also currently considering inclusion of a pneumococcal conjugant vaccine as part of
the routine, free immunisation schedule for all children, regardless of risk group.

Table 3. Children eligible for free vaccination with PNCRM738

Group Age limit

All Aboriginal and Torres Strait Islander children < 24 months

Non-Aboriginal children in Central Australia < 24 months

Aboriginal children in Central Australia or any region with similarly 24–59 months
high incidence of pneumococcal infections

Children with medical risk factors for pneumococcal infection* < 5 years

* Children with impaired immunity (e.g., hemoglobinopathies, congenital immune deficiency, asplenia, human immunodeficiency
virus infection, relapsing or persistent nephrotic syndrome), and anatomical abnormalities predisposing to pneumococcal
infection (e.g., congenital cyanotic heart disease, cerebrospinal fluid leak).

Age at first Primary schedule Booster
dose (months) (PNCRM7)

Aboriginal and Torres Strait Islander children 3-6 3 doses* 23V PS at  
in the Northern Territory, the desert and tropical 7-17 2 doses* 18-24 months
regions of Western Australia and Queensland, 18-24 1 dose
and the desert regions of New South Wales 23V PS 
and southern Australia 2 months later

Aboriginal children in Central Australia 24-59 1 dose 23V PS 2 months
(and other regions of similarly high pneumococcal later
disease incidence)

Aboriginal and Torres Strait Islander children in 3-6 3 doses* None
all other regions, non-Aboriginal children in 7-23 2 doses* None
Central Australia only, and children with 
anatomical abnormalities

Children with impaired immunity 3-6 3 doses* PNCRM7 at 
7-11 2 doses* 12 months
12-59 2 doses* None

* Doses given 2 months apart.

PNCRM7, Prevenar®, Wyeth-Lederle Vaccines; 23V PS, Pneumovax 23®, Merck and Co.

Table 4. Recommended catch-up PNCRM7 immunisation schedule38
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Potential impact in Australia with widespread use of pneumococcal conjugate vaccines

Widespread use of PNCRM7 should lead to a decreased incidence of pneumococcal disease, indirectly
reducing antibiotic use and the spread of antibiotic resistance. Epidemiology studies indicate that the
seven serotypes included in PNCRM7 are responsible for 62–88 per cent of cases of invasive pneumo-
coccal disease,3,5,6,11 suggesting that the majority of pneumococcal infections in children could be
prevented by vaccination with PNCRM7. Although vaccine coverage would be expected to be lower
among indigenous children (62%), the high incidence of disease in this group suggests that the
vaccine will still be of substantial value.

In addition to the disease prevention effects in vaccinated individuals, immunisation of infants and
young children with pneumococcal conjugate vaccines may indirectly extend disease prevention to a
larger population (i.e., indirect or herd immunity), as observed in Northern California.

Conclusions

To realise the full potential of pneumococcal conjugate vaccines, the implementation of vaccination
programs must be accompanied by the education of medical practitioners and the public on the
appropriate use of antibiotics. Moreover, continued disease surveillance is crucial for understanding
whether replacement carriage or disease with non-vaccine serotypes occurs. To date, clinical trials
have shown that immunisation with pneumococcal conjugate vaccines has resulted in decreased
carriage of vaccine-type pneumococci and increased carriage of non-vaccine-type
pneumococci;39,40,41,42 however, some replacement disease has only been observed for AOM.34

No replacement disease has been observed for invasive pneumococcal disease.33

It also remains to be determined if non-vaccine serotypes will begin to develop antibiotic resistance.
Ultimately, when routine pneumococcal conjugate vaccination of infants and young children is
accompanied by supportive education and active disease surveillance as well as judicious use of
antibiotics, a favourable impact on the incidence of pneumococcal disease in and beyond the
vaccinated population should be observed.
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