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Abstract
A comprehensive invasive pneumococcal disease (IPD) laboratory surveillance program was carried 
out in Australia in 2003. This program provided data on the prevalence of pneumococcal serotypes and 
antimicrobial resistance. There were 1,995 isolates tested with 34 per cent (683) from children aged 
less than fi ve years and 27 per cent (535) from the elderly aged more than 65 years. One thousand eight 
hundred and sixty were isolates from blood, 79 from CSF and 56 from other sterile sites. In young chil-
dren, 84 per cent of isolates were a serotype and 92 per cent a serogroup in the 7-valent pneumococcal 
conjugate vaccine (7vPCV). Of penicillin resistant isolates in children less than fi ve years of age 85 per 
cent and 98 per cent were a serotype and serogroup in the 7vPCV respectively. When the universal 
7vPCV vaccine program in young children is introduced in 2005, a proportion of cases of IPD should 
also be prevented in young adults (estimated reduction of 54 cases annually) and elderly Australians 
(an estimated reduction of 110 cases annually) as a result of improved herd immunity. Pneumococcal 
serotypes with higher rates of penicillin resistance (19F, 14 and 6B) were more prevalent in the elderly 
than in young children. In contrast, erythromycin resistance was more common in children less than 
fi ve years of age (24%) compared to the elderly (15%). The predominant serotype with erythromycin 
resistance in Australia was serotype 14 and thus there is likely to be a major reduction in erythro-
mycin resistance as a result of 7vPCV vaccination. Continued surveillance of pneumococcal serotype 
distribution and antibiotic susceptibility will be essential in order to identify serotype replacement by 
non-vaccine serotypes and to monitor the overall impact of current and future vaccine programs on 
invasive pneumococcal disease in Australia, not only in young children but also in other age groups. 
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Introduction

Streptococcus pneumoniae is a major cause of 

morbidity and mortality worldwide.1–4 It is a com-

mon cause of life threatening invasive disease 

(e.g. bactaeremia and meningitis) as well as non 

invasive disease (e.g. otitis media). It is important 

that comprehensive laboratory surveillance of inva-

sive pneumococcal disease (IPD) is undertaken to 

assess the success of universal childhood 7-valent 

conjugate pneumococcal (7vPCV) vaccination 

which will be implemented in Australia in 2005. 

Laboratory surveillance of IPD has been conducted 

in various Australian states and territories prior to 

2002.5–9 This report summarises the results of labo-

ratory surveillance for all Australian jurisdictions in 

2003 and includes comprehensive pneumococcal 

serotyping of these isolates and antimicrobial resist-

ance data.

Antimicrobial resistance in invasive pneumococci 

is an emerging problem in Australia.10 Laboratory 

data on resistance to penicillin and erythromycin 

and the key serotypes responsible for antimicrobial 

resistance in each state and territory are reported. 

The potential benefi ts of the universal childhood 

immunisation program for adults are discussed.

Methods and Materials

Case defi nition

For the purposes of laboratory surveillance, a case of 

IPD was included when Streptococcus pneumoniae 

was isolated by culture from a normally sterile body 

site (blood, cerebrospinal fl uid (CSF), joint fl uid 

etc). Only one isolate was tested from each patient 

episode. A new episode was deemed to occur if an 

isolate was cultured more than 14 days after a previ-

ous positive culture.

Data sources and collection

A network of laboratories in Australia (see list of 

participating laboratories) obtained pneumococcal 

isolates referred from all major private and public 

microbiology laboratories in Australia. Isolates were 

stored for later serotyping at one of the three desig-

nated pneumococcal typing laboratories. Indigenous 

status data was linked to laboratory data only in the 

Northern Territory in 2003 and detailed analysis by 

Indigenous status was not performed in this year’s 

report in contrast to the 2002 report.11 Enhanced 

data on IPD including information on pneumococcal 

serotypes in Indigenous people are collected as 

an extension of the National Notifi able Diseases 

Surveillance System (NNDSS) and the 2003 data 

are provided in the accompanying surveillance 

report.12

Serotyping

Pneumococcal serotyping was performed at the 

Pneumococcal Reference Laboratory of Queensland 

Health Scientifi c Services (for Western Australia, 

Northern Territory and Queensland), the Children’s 

Hospital at Westmead’s NSW Pneumococcal 

Reference Laboratory (for New South Wales and the 

Australian Capital Territory) and the Microbiological 

Diagnostic Unit (for Victoria, Tasmania and South 

Australia). Serotyping was performed by the 

Quellung reaction using antisera from the Statens 

Seruminstitut, Copenhagen, Denmark.13

Analysis of serotypes included the prevalence of 

vaccine serotypes and vaccine serogroups (that 

is, pneumococci with serotypes within the same 

serogroups as vaccine types).14 The pneumococcal 

serotypes in the three vaccines referred to in this 

paper are shown in Table 1.

Susceptibility testing

Susceptibility testing was performed by a range of 

different methods. In New South Wales, Victoria, 

Tasmania, Australian Capital Territory and South 

Australia the available results were from rou-

tine diagnostic laboratories. These laboratories 

used National Committee for Clinical Laboratory 

Standards (NCCLS) disc diffusion,15 Calibrated 

Dichotomous Susceptibility (CDS) disc diffusion16 

or agar dilution susceptibility testing methods. Most 

laboratories also confi rmed penicillin resistance 

using the E test method.17 Results from Queensland, 

Northern Territory and Western Australia were 

performed using NCCLS disc diffusion and E test 

methods in a reference laboratory.

Isolates were categorized as fully sensitive to penicil-

lin or resistant (includes intermediate and high level 

resistance using NCCLS breakpoints (Minimum 

Inhibitory Concentration (MIC) ≥0.125mg/L). 

Erythromycin was categorized as either sensitive or 

resistant (MIC ≥1mg/L).

 Table 1. Pneumococcal vaccines and constituent serotypes referred to in this report

Vaccine 7-valent conjugate vaccine 

(7vPCV)

11-valent conjugate 

vaccine (11vPCV)

23-valent polysaccharide 

vaccine (23vPPV)

Pneumococcal Serotypes 4, 6B, 9V, 14, 18C, 19F, 23F 1, 3, 4, 5, 6B, 7F, 9V, 14, 

18C, 19F, 23F

1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 

10A, 11A, 12F, 14, 15B, 17F, 18C, 

19A, 19F, 20, 22F, 23F, 33F
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Statistical analysis

Yates corrected Chi square test was used for uni-

variate analysis using Epi info statistical software 

Version 6.02 (CDC, USA).

Results

Cases under laboratory surveillance

There were 1,998 pneumococcal isolates forwarded 

to the three pneumococcal reference laboratories for 

serotyping and 1,995 were successfully serotyped. 

This represents 92 per cent of the 2,174 notifi ed 

cases of invasive pneumococcal disease in Australia 

in 2003.12 The number of isolates by state and terri-

tory and specimen type is shown in Table 2.

The number of isolates by the age and sex of the 

patient is shown in Figure 1. There were more 

isolates from males than females (male to female 

ratio 1.3:1), which was the same sex ratio as seen in 

the notifi cation data. The largest number of isolates 

were from children aged 1 year (Figure 1).

Serotypes responsible for invasive 

pneumococcal disease in Australian children 

less than fi ve years of age and proportion 

represented in conjugate vaccines.

Six hundred and thirty-eight pneumococcal isolates 

from children less than fi ve years of age were 

serotyped. The serotype distribution proportion of 

isolates from this age group represented in the 7vPCV 

and prototype 11vPCV conjugate pneumococcal 

vaccines are illustrated in Figure 2. Eighty-four 

percent of isolates were a serotype match for the 

7vPCV vaccine and 92 per cent of isolates were 

a serogroup match. The future 11vPCV vaccine 

(addition of serotypes 1, 7F, 5 and 3) would add 

another 1.9 per cent of isolates belonging to vaccine 

serotypes.

Table 2. Pneumococcal isolates analysed in this report, by reporting jurisdiction and specimen 

type

Blood Cerebrospinal fl uid Other sites* Total

ACT 45 1 6 52

NSW 609 23 22 654

NT 66 2 1 69

Qld 412 24 5 441

SA 160 4 2 166

Tas 33 2 0 35

Vic 400 21 15 437

WA 135 2 5 142

Australia 1,860 79 56 1,995

* Other sites includes joint, pleural, peritoneal and pericardial fl uid.

Figure 2. Serotypes responsible for invasive 

pneumococcal disease in children less than fi ve 

years, Australia, 2003
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Figure 1. Pneumococcal isolates, Australia, 

2003 by age and sex
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Pneumococcal serotypes with reduced sus-

ceptibility to penicillin and erythromycin in 

Australian children less than fi ve years of age

Of the 638 isolates from children less than fi ve years 

of age that were serotyped, 622 also had penicil-

lin susceptibility results recorded. Overall, 71/622 

(11%) had reduced susceptibility to penicillin. Sixty 

of these (85%) were serotypes and 70 (99%) were 

serogroups in the 7vPCV (Table 3).

Of the 638 isolates from children less than fi ve 

years of age that were serotyped, 567 also had 

susceptibility results for erythromycin recorded. 

Overall, 138/567 (24%) were resistant to erythromy-

cin. One hundred and thirty-four of the 138 erythro-

mycin resistant isolates were a serotype match for 

the 7vPCV and the remaining four isolates were a 

serogroup match (Table 4). The majority (70%) of 

erythromycin resistant isolates in children less than 

fi ve years of age in Australia were serotype 14.

The rates of penicillin and erythromycin resistant 

pneumococci in children aged less than fi ve years 

of age by state and territory are shown in Table 5. 

The overall rate of penicillin resistance and eryth-

romycin resistance varied widely between states. 

There were no penicillin resistant isolates identifi ed 

in the Northern Territory or Tasmania and rates 

ranged from fi ve per cent in South Australia to 14 per 

cent in New South Wales. Erythromycin resistance 

was found in all states ranging from six per cent in 

the Northern Territory to 75 per cent in Tasmania, 

although the latter rate was based on only four 

isolates.

Differences in the prevalence of serotype 14—which 

accounted for 70 per cent of erythromycin resist-

ance—largely refl ected differences in erythromycin 

resistance rates between jurisdictions.

Serotypes responsible for IPD in Australian 

adults over 65 years of age.

Five hundred and thirty-fi ve isolates from adults 

aged more than 65 years were analysed. Sixty-fi ve 

percent of isolates were 7vPCV serotypes and 76 

per cent 7vPCV serogroups (Figure 3, Panel A). 84 

per cent of serotypes were in the 11vPCV conjugate 

vaccine and 94 per cent were serotypes in the 

23vPPV polysaccharide vaccine (Panel B).

The likely impact (via herd immunity) on incidence 

of IPD in the adult population over 65 years of age 

following the introduction of the universal childhood 

immunisation program with the 7vPCV vaccine in 

Australia was assessed based on the reductions 

seen in the USA.14 Based on the serotype distribu-

tion in the elderly in 2003 it was estimated that 110 

cases of IPD would be prevented in adults over 65 

years of age as a result of herd immunity associ-

ated with universal 7vPCV vaccination in Australian 

children (Table 6). 

Further, based on the serotype prevalence in the 

20 to 39 year age group (n=263), approximately 54 

cases in this age group should be prevented by the 

7vPCV vaccination of Australian children (data not 

shown).

Figure 3. Serotypes responsible for invasive 

pneumococcal disease in adults aged more than 

65 years, Australia, 2003. Panel A serotypes in 

7- and 11vPCV vaccines; Panel B Serotypes in 

the 23vPPV vaccine
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Table 3. Serotypes of isolates with reduced susceptibility to penicillin in children aged less than 

fi ve years, Australia, 2003 (N = 71)

Serotype 19F* 9V* 14* 6B* 23F* 19A† 6A† 33F‡ Total

Number of isolates 19 16 16 8 1 6 4 1 71/622

Cumulative % 27% 49% 72% 83% 85% 93% 99% 100% 11%

* 7vPCV conjugate vaccine serotype.

† 7vPCV conjugate vaccine serogroup.

‡ 23vPPV polysaccharide vaccine serogroup.

Table 4. Serotypes with reduced susceptibility to erythromycin in children aged less than fi ve 

years, Australia, 2003 (n=138)

Serotype 14* 19F* 6B* 18C* 23F* 4* 19A† 6A† Total

Number of isolates 97 17 16 1 2 1 1 3 138/567

Cumulative % 70% 83% 94% 95% 96% 97% 98% 100% 24%

* 7vPCV conjugate vaccine serotype.

† 7vPCV conjugate vaccine serogroup.

‡ 23vPPV polysaccharide vaccine serogroup.

Table 5.  Penicillin and erythromycin resistance in children aged less than fi ve years, Australia, 

2003, by state and territory

State ACT NSW NT Qld SA Tas Vic WA Australia

Penicillin

Proportion of isolates 

tested

11/11 211/212 18/19 159/160 65/66 5/5 116/128 37/37 622/638

Number (%) Penicillin 

reduced susceptibility

1

(9%)

30

(14%)

0

(0%)

22

(14%)

3

(5%)

0

(0%)

12

(10%)

3

(8%)

71

(11%)

Erythromycin

Proportion of isolates 

tested

11/11 201/212 18/19 158/160 63/66 4/5 75/128 37/37 567/638

Number (%) 

Erythromycin 

resistant

3

(27%)

57

(28%)

1

(6%)

49

(31%)

15

(24%)

3

(75%)

5

(7%)

5

(14%)

138

(24%)

Table 6. Predicted number of cases of invasive pneumococcal disease in adults aged more than 65 

years that could be prevented as a result of introduction of 7vPCV vaccine in children in Australia

Serotype Number of isolates  Per cent change post 

vaccine*

Number of cases 

prevented

14 91 -36% 33

4 63 -26% 16

23F 55 -31% 17

9V 53 -36% 19

6B 41 -16% 7

19F 31 -4% 1

18C 11 -31% 3

19A 21 -22% 5

23A 1 -22% <1

6A 30 -22% 7

9N 8 -22% 2

Overall 535 -20% 110

* Based on data from Reference 14.
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Differences in penicillin and erythromycin 

resistance rates by age and serotype

The proportion of penicillin resistant pneumococci 

in Australians over 65 years of age was signifi cantly 

higher (17%) than the proportion in children less 

than fi ve years of age (11% Table 7).

The converse was true for erythromycin resistance 

with a signifi cantly higher proportion of resistant 

isolates (24%) in children less than fi ve years of 

age compared to adults over 65 years of age (15%, 

Table 8). This difference was contributed to by the 

larger proportion of erythromycin-resistant serotype 

14 isolates in children.

Differences in serotype distribution and penicillin 

resistance of CSF isolates in patients less than fi ve 

years of age compared those over fi ve years of age

Pneumococcal isolates from the CSF of patients 

over fi ve years of age were more likely to be 

resistant to penicillin than those from patients less 

than fi ve years of age, but this difference did not 

reach statistical signifi cance. Serotypes 6B and 14 

accounted for a signifi cantly higher proportion of 

pneumococcal isolates from the CSF of patients 

under fi ve years of age than those over fi ve years 

of age. Serotype 19F was more common in patient 

aged fi ve years or more but the difference in propor-

tion was not signifi cant (Table 9).

Discussion

The impact of a universal 7vPCV program for 

young children on invasive pneumococcal disease 

has now been clearly demonstrated in the United 

States of America (USA).14 The vaccine program 

has benefi ted not only young children but it has 

also benefi ted their parent’s age group (20 to 39 

years) and the elderly in whom the rates of IPD 

have also decreased. Recently the National Health 

and Medical Research Council has recommended 

7vPCV for all children in Australia as part of their pri-

mary immunisation series18 and the Australian gov-

ernment has undertaken to fund this initiative from 

January 2005. Reliable baseline data on serotype 

prevalence in Australian children is essential to 

measure the impact of this new vaccine program. 

This study has examined serotype distribution and 

antimicrobial resistance in more than 90 per cent of 

the notifi ed cases of IPD in Australia in 2003. These 

data allow us to predict the likely benefi ts which will 

be seen as a result of this new vaccine initiative.

A large proportion of young Australian children 

with IPD in 2003 were infected with pneumococcal 

serotypes (84%) or serogroups (92%) in the 7vPCV 

vaccine. While still not conclusive, some cross-pro-

tection for serogroups contained in the vaccine have 

been reported.14 It is therefore reasonable to predict 

that Australia will see a signifi cant decline in IPD in 

young children in the coming years when the new 

7vPCV vaccination program is fully implemented. 

This could be of the order seen in the USA, where 

IPD declined by 69 per cent in the under 2-year olds 

in the fi rst two years of a universal childhood vac-

cination program in this age group.14

The serotype distribution of penicillin resistant 

pneumococcal strains in young Australian children 

showed that 85 per cent of penicillin resistant 

isolates were a serotype and 99 per cent were a 

serogroup in 7vPCV. There is evidence from the 

USA that the rate of IPD due to penicillin resistant 

strains can be expected to fall by as much as 35 per 

cent with introduction of the 7vPCV.14

There are signifi cant regional differences in penicil-

lin and erythromycin resistance in Australia. Victoria 

in particular appears to have relatively low rates of 

erythromycin resistance and a low prevalence of 

serotype 14 which is frequently erythromycin resist-

ant. A recent study by the NSW Pneumococcal 

Reference Laboratory has identifi ed the predominant 

penicillin susceptible, erythromycin resistant clone 

of serotype 14 in NSW to be multi-locus sequence 

type (MLST) 9 (M. Watson, unpublished observa-

tions). The molecular mechanism of resistance to 

erythromycin in these MLST9 strains in New South 

Wales appears to be due to the macrolide effl ux 

gene (mef) which does not confer cross resist-

ance to the lincosamides such as clindamycin (M. 

Watson, unpublished observations). Serotype 14 

erythromycin resistant isolates accounts for over 70 

per cent of macrolide resistant isolates in children in 

Australia. By contrast the Northern Territory has a 

very low prevalence of macrolide resistance in chil-

dren probably due to the virtual absence of serotype 

14 following the introduction of the 7vPCV vaccina-

tion program in 2001 for all indigenous children 

in the NT and non-Indigenous children in Central 

Australia. Variations in rates of antibiotic prescrib-

ing and consumption would also explain variation 

in the prevalence of antimicrobial resistance across 

Australia and between age groups.

In the fi rst two years of the childhood 7vPCV 

vaccine program in the United States there were 

declines in IPD disease rates in adults (32% in the 

20 to 39 year age group and 18% in the aged 65 

years or older).14 Extrapolating the reductions in the 

prevalence of 7vPCV vaccine serotypes seen in 

the elderly population in the USA,14 we predict that 

110 (20%) episodes of IPD in adults over 65 years 

of age and 54 (20%) cases in the 20–39 year age 

group in Australia could be prevented as a result of 

the paediatric immunisation program. These calcu-

lations, based as they are on incomplete data, may 

under-estimate the eventual impact of universal 

7vPCV vaccination
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Table 7. Proportions of penicillin resistant pneumococcal isolates by age group and serotype, 

Australia, 2003

Children aged less than fi ve 

years

Adults aged over 65 years Signifi cance of 

difference

Serotype Proportion Percentage Proportion Percentage

Total isolates tested 622/638 97 514/535 96 NS

Resistant serotypes 71/622 11 85/514 17 p<0.05

7v vaccine serotypes* 60/71 84 76/85 89 NS

Serotype 19F 19/85 22 15/31 48 p<0.05

Serotype 14 16/221 7 18/91 19 p<0.005

Serotype 6B 8/93 9 8/41 19 NS

Serotype 9V 16/26 61 31/53 58 NS

Serotype 23F 1/27 4 3/55 5 NS

* includes serotypes in the 7vPCV conjugate vaccine (14, 19F, 14, 6B, 23F, 18C, 4). 

NS = not signifi cant.

Table 8. Proportion of erythromycin resistant pneumococcal isolates by age group and serotype, 

Australia, 2003

Children aged less than fi ve years Adults aged over 65 years Signifi cance of 

differenceSerotype Proportion Percentage Proportion Percentage

Total isolates tested 567/638 89 474/535 89 NS

Resistant serotypes 138/567 24 69/474 15 p<0.001

7v vaccine serotypes* 135/138 98 58/69 84 p<0.001

Serotype 19F 17/85 20 11/31 35 NS

Serotype 14 97/221 44 28/91 31 p<0.05

Serotype 6B 16/93 17 6/41 15 NS

Serotype 9V 0/26 0 1/53 2 NS

Serotype 23F 2/27 7 7/55 13 NS

* includes serotypes in the 7vPCV conjugate vaccine (14, 19F, 14, 6B, 23F, 18C, 4).

NS = not signifi cant.

Table 9. Proportions of penicillin resistant isolates and common serotypes isolated from 

cerebrospinal fl uid, by age group, Australia, 2003

Serotype in CSF Cases aged less than 5 years 

(n=34)

Cases aged 5 years and above 

(n=45)

Signifi cance of 

difference 

Proportion Percentage Proportion Percentage

Penicillin resistant isolates 3/32 9 11/41 27 NS

Serotype 19F 1/34 3 9/45 20 NS

Serotype 6B 9/34 26 2/45 4 p<0.05

Serotype 14 11/34 32 3/45 6 p<0.01

Serotype 9V 2/34 6 5/45 11 NS

There may also be additional benefi ts of 7vPCV 

vaccination by reductions in the prevalence of 

antibiotic resistant isolates in the elderly through 

improved herd immunity. However the prevalence of 

resistance varies signifi cantly between children and 

adults. This appears to be associated with variations 

in the prevalence of penicillin and erythromycin 

resistant clones rather than existence of genetically 

distinct molecular clones in the two populations (M. 

Watson unpublished observations). The relatively 

higher prevalence of penicillin resistant serotypes 

in the elderly suggests that a reservoir of penicil-

lin resistance exists in the elderly population in 

Australia with signifi cant selective pressure towards 

acquisition of penicillin resistant strains of serotype 

19F, 14 and 6B occurring in this age group. It is likely 
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that immunising children with the 7vPCV will reduce 

the incidence of penicillin resistant serotypes in the 

elderly since children would be less likely to pass 

on this serotype to their ‘grandparents’. Reductions 

in IPD caused by serotype 19F and 6B have not 

been clearly demonstrated in the USA at this time, 

however a reduction of serotype 14 IPD in the eld-

erly has been observed.14 In 2003, serotype 19F in 

the elderly was a cause of meningitis in the older 

age group and three of the four penicillin resistant 

serotypes isolated in CSF from people over 65 years 

of age in Australia. The 23vPPV polysaccharide 

pneumococcal vaccine continues to provide good 

serotype coverage for adults, which supports the 

recent government decision to fully fund this vac-

cine for those at risk in Australia.

The continued laboratory surveillance of IPD is a 

vital component of the pneumococcal vaccine strat-

egy for Australia. The funding of this surveillance 

has assisted a national approach to surveillance 

and reporting of this important reference laboratory 

work. Committed funding for serotype and uniform 

antibiotic susceptibility testing would assure appro-

priate monitoring of the impact of the new universal 

childhood 7vPCV program. Our surveillance to date 

suggests that introduction of the 7vPCV for all chil-

dren and the 23vPPV vaccine for the 65 years and 

over in Australia in 2005 is likely to lead to major 

benefi ts for both children and the elderly.
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Tuberculosis notifi cations in Australia, 2003

Janet Li1, Paul Roche2, Jenean Spencer2 and the National Tuberculosis Advisory Committee 
(Ral Antic – Chair, Ivan Bastian, Amanda Christensen, Mark Hurwitz, Anastasios Konstantinos, Vicki Krause, 

Moira McKinnon, Avner Misrachi, Graham Tallis, Justin Waring) 
for the Communicable Disease Network Australia

Abstract
The National Notifi able Disease Surveillance System (NNDSS) received 982 tuberculosis (TB) notifi ca-
tions in 2003, of which 947 were new cases, 33 were relapses and two were cases with unknown history. 
The incidence of TB in Australia has remained at a stable rate since 1985 and was 4.9 cases per 100,000 
population in 2003. The high-incidence groups remain people born overseas and Indigenous Australians 
at 19.9 and 8.7 cases per 100,000 population, respectively. By contrast the incidence in non-Indigenous 
Australians was 0.9 per 100,000. Comparison of the 2003 TB notifi cation data against the perform-
ance indicators set by National Tuberculosis Advisory Committee highlights that enhanced TB control 
measures should be considered among these high-risk groups. Commun Dis Intell 2004;28:464–473.

Keywords: tuberculosis, surveillance

Introduction

Tuberculosis (TB) control in Australia confronts a 

paradox. Australia has one of the lowest incidence 

rates of TB in the world and these rates have 

remained stable at 5–6 cases per 100,000 popula-

tion since the mid-1980s.1 Tuberculosis programs in 

low-incidence countries face problems in maintaining 

treatment services (including specially-trained staff, 

drug supplies and funding) for patients with active 

TB disease, in providing screening and preventative 

treatment programs for latent tuberculosis infection 

(LTBI) among high-risk groups, and in realigning 
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