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Background: In November 2012, an outbreak of community-associated methicillin-resistant Staphylococcus aureus 
(CA-MRSA) skin and soft tissue infections affecting students at a boarding school in Hong Kong (China) was detected.

Methods: A case was defined as any student or staff notified with MRSA infection from 25 October 2012 to 5 July 2013 
with the clinical isolate being of staphylococcal cassette chromosome mec type IV or V and positive for Panton-Valentine 
leukocidin gene. We conducted field investigations, advised on control measures and enhanced surveillance for skin and 
soft tissue infections at the school. Decolonization therapies were offered to all cases and contacts, and carrier screening 
was conducted.

Results: There were five cases; two (40%) were hospitalized and three (60%) required surgical treatments. Initial screening 
comprised 240 students and 81 staff members. Overall, four cases (80%) plus eight other students (3.3%) were carriers, 
with eight of 12 (66.7%) from the same dormitory. All staff members screened negative. After intensified control measures, 
the number of students screened positive for CA-MRSA decreased from nine to one with no more cases identified in the 
school.

Conclusion: Identification of carriers, decolonization therapy, monitoring of cases and contacts and strengthening of 
environmental and personal hygiene were control measures that helped contain this CA-MRSA outbreak in a boarding 
school in Hong Kong (China).

Community-associated methicillin-resistant 
Staphylococcus aureus (CA-MRSA) outbreaks in 
schools usually affect members of sports teams who 

come into bodily contact with one another. Considered as 
more virulent and transmissible than traditional MRSA 
strains,1 CA-MRSA may lead to outbreaks associated 
with severe morbidities and hospitalizations in otherwise 
healthy young adults or teenagers.2

CA-MRSA has been a statutory notifiable disease 
in Hong Kong (China) since 2007. Medical practitioners 
are required to report any patient with confirmed 
MRSA infection fulfilling the surveillance definition and 
to submit the culture isolate to a government public 
health laboratory for CA-MRSA confirmatory testing. 
The disease is rapidly emerging as annual numbers 
surged from 173 in 2007 to 813 in 2012. Most cases 

An outbreak of community-associated 
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are sporadic skin and soft-tissue infections (SSTIs) with 
occasional clusters occurring in domestic settings.3

School X is a boys’ boarding  school in 
Hong Kong (China). In addition to academic teachings, 
the campus has a marine activities centre, and students 
spend a significant amount of school time in water sports 
or training. There are about 250 students living in six 
dormitories (about 40 students in each one) with plenty 
of mixing activities among students during training and 
daily activities.

In October and November 2012, the Centre 
for Health Protection received three reports of 
CA-MRSA SSTIs among students from School X, which 
had no previous reports of CA-MRSA SSTI. Therefore, 
the case-based investigations were expanded to an 
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conducted from 5 November 2012 to 22 March 2013. 
Initially limited to close contacts of the first notified 
case (e.g. students in same dormitory, contact-sport 
team members), screening was extended to all students 
and staff when the second case was notified (i.e. 
outbreak established) in November. Attack rates (AR%) 
by dormitory  were calculated by dividing the number 
of cases and carriers identified by the total number of 
students in the dormitory, assuming the total number 
remaining constant during the investigation period.

Screening phases and decolonization

Decolonization therapies were offered to cases 
and screened contacts regardless of carrier status. 
The five-day regimen comprised daily application of a 
4% chlorhexidine gluconate solution as liquid soap and 
shampoo together with thrice daily application of a 
topical 2% mupirocin cream to nostrils bilaterally.

Results of decolonization therapies were assessed 
by post-decolonization screening: Phase 1 aimed to 
screen all students and staff once, and this occurred 
over four occasions from 5 November 2012 to 
28 January 2013; Phase 2 occurred between 29 January 
and 12 March 2013, when post-decolonization screening 
of carriers and cases was completed; Phase 3 occurred 
from 13 to 22 March 2013, when all cases and Dorm A 
students were targeted; and Phase 4 occurred between 
23 March and 5 July 2013, when the carriers identified 
in Phase 3 were re-screened (Table 1).

outbreak investigation to determine the extent of the 
outbreak and to identify possible source(s) of infection. 
In this report, we present the outbreak investigation, 
including the implementation and outcome of control 
strategies.

METHODS

Case defi nitions

A case was defined as any student or staff member of 
School X who was notified with SSTIs (e.g. boil, abscess 
and pustule) or other infections (e.g. pneumonia, sepsis) 
from 25 October 2012 to 5 July 2013, with MRSA 
isolated from any clinical specimen with the isolate being 
of staphylococcal cassette chromosome mec (SCCmec) 
type IV or V and positive for Panton-Valentine leukocidin 
(PVL) gene.

A carrier was any student or staff member of 
School X, without a clinical infection, who had MRSA 
isolated from any screening specimen collected from 
25 October 2012 to 5 July 2013 with the isolate being 
of SCCmec type IV or V and positive for PVL gene. 
Cases were considered carriers if they had a positive 
screening result after their initial diagnosis.

Case and carrier fi nding

Screening of students (after obtaining consent from 
parents/guardians) and staff from School X was 

 Table 1. Summary of CA-MRSA outbreak in School X by screening phase, Hong Kong (China), November 2012 
to July 2013

Phase Phase 1 (control) Phase 2 
(control and follow-up)

Phase 3 
(intensify control)

Phase 4 
(surveillance and follow-up)

Period 5 November 2012 to 
28 January 2013

29 January 2013 to 
12 March 2013

13 to 22 March 2013 23 March 2013 to 
5 July 2013

Summary 4 rounds covering 
236 students and 81 staff; 

included screening and 
decolonization

Post-colonization 
screening of carriers and 

cases

Targeted re-screening 
of all cases and Dorm A 

students

Follow-up screening of 
carriers

Number that 
screened 
positive*

9
(Cases 1, 2)

(Carriers 1–7)

4
(Cases 3,4)

(Carriers 1, 2)

4
(Cases 1, 4)

(Carriers 1, 8)

1
(Case 4)

Number of 
new carriers

7
(Carriers 1–7)

2
(Cases 3,4)

1
(Carrier 8)

0

* Number screened positive in each phase included (a) those who remained in carrier status despite decolonization therapy offered in previous phase 
and (b) both cases and non-case carriers.
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either absent or had quit the school. Two students 
refused decolonization therapies.

Overall, four of the five cases (80%) and eight other 
students (3.3%) were confirmed as carriers. Eight of 
these 12 carriers lived in Dorm A (8/41, AR = 19.5%), 
two in Dorm B (2/45, AR = 4.4%) and two in Dorm 
C (2/41, AR = 4.9%). Screening specimens from staff 
members were all negative.

During Phase 1, two cases and seven carriers 
screened positive. Two initial cases that screened 
negative in Phase 1 and two student carriers from Dorm 
A confirmed during Phase 1 re-screened positive in 
Phase 2, suggesting poor compliance to therapy and 
possibly ongoing disease transmission among Dorm A 
students. During Phase 3, when all Dorm A students 
and the five cases were re-screened, one new carrier was 
identified; two cases (one that tested positive and one 
negative in Phase 2) and one other carrier (re-screened 
positive in Phase 2) also were identified as carrying 
CA-MRSA. These four carriers were re-screened in 
Phase 4 with one again confirmed as a carrier.

In summary, the number of carriers for CA-MRSA 
decreased from nine to one (Table 1) over the screening 
phases; from 25 March 2013, no further CA-MRSA 
infection cases were identified (Figure 1).

Laboratory investigations

All case isolates (n = 5) and all screening isolates 
(n = 12) were of spa type t441 and were resistant to 
erythromycin and clindamycin but were sensitive to 
gentamicin, vancomycin and mupirocin.

Field investigations

Seven field visits to the school occurred. Health 
talks during each field visit provided information 
to students and staff on disease, personal and 
environmental hygiene, advice on wound treatment 
and exclusion from sports. The school was advised to 
conduct terminal cleansing during the Easter holiday 
(28 to 29 March 2013) when all dormitories were 
vacated.

Substantial mixing opportunities in the dormitories, 
bathrooms, laundry and common areas (e.g. gymnasium) 

Laboratory testing

Nasal, axillary and perineal swabs were collected 
during the screenings and were sent to the Public 
Health Laboratory Service Branch for culture, PVL 
gene polymerase chain reaction (PCR), SCCmec typing, 
molecular spa-typing as well as antibiotic susceptibility 
tests.

Field visits

Field investigations were conducted by the investigation 
team, infection-control nurses and a microbiologist. 
Mixing opportunities in school premises, hygiene 
facilities and practices were reviewed in each field 
visit.

Surveillance

From 25 March 2013, School X was requested to submit 
weekly reports of any skin lesions identified among 
students and staff to allow for early detection of potential 
new cases, timely referral for diagnosis, laboratory 
investigation and treatment.

RESULTS

Cases

Five cases were identified, aged between 13 and 
16 years (median 15 years). Four lived in Dorm A (4/41, 
AR = 9.8%) and one in Dorm B (1/45, AR = 2.2%); 
both dormitories were located on the same floor. The first 
case developed symptoms on 14 October 2012, while 
the onset of the last case was on 18 February 2013. 
Two cases were diagnosed after initiation of the 
screening programme. Four cases presented with skin 
abscesses and one presented with a left arm pustule only. 
Two required hospital admission and three required 
surgical treatments such as incision and drainage. Their 
family members were all asymptomatic.

Carriers

There were 254 students and 81 staff members at 
the school during the investigation period. Of these, 
240 students (94.5%) (including the five cases) and 
81 staff members (100%) were screened during 
Phase 1; two students refused screening and 12 were 
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Box 1. Deficiencies identified and control measures advised in School X regarding the CA-MRSA outbreak, 
Hong Kong (China), November 2012 to July 2013

Observations Recommendations

Student Dormitories
Bunk beds separated by one metre of space without partition. 
Social gatherings often held on the beds. Linen and blankets 
not washed and changed regularly.

Wash and change linen and blankets weekly and provide 
alcohol-based hand sanitizers in each dormitory.

Bathrooms and lavatories
Shared facilities among each dormitory. Wet towels of different 
students hung closely or overlapped on hanging racks with 
reports of sharing towels. Hand-washing soap not provided and 
curtains at the entrances not washed regularly. Carpets placed 
near entrances. Lockers in bathrooms not partitioned.

Space out and separate towel hooks using labelled partitions 
to avoid cross-contamination and provide liquid soap and hand 
dryer/disposable paper towel. Discard or wash very frequently 
all curtains and carpets at entrances. Install partitions for 
lockers to avoid cross-contamination of personal items.

Common areas
Equipment in gymnasium (e.g. dumbbells and gym mattresses) 
not disinfected after use. A sofa shared by all students had 
no removable/washable cover and was diffi cult to clean. 
Frequently touched surfaces such as stair-rails and lamp 
switches not cleaned regularly.

Minimize shared use of equipment in gymnasium and disinfect 
between uses. Provide easy-to-clean and removable cover 
for sofa to be changed regularly. Clean frequently touched 
surfaces at least twice daily with diluted (1:49) bleach.

Cleansing and laundry equipment
Mops and cleansing towels not disinfected and dried after use. 
Dirty and clean linen were placed together in buckets.

Disinfect and dry mops and cleansing towels after use. Label 
separate buckets for dirty and clean laundry. Wash all laundry 
from Dorm A  using hot water cycle (up to 90 °C for 45 minutes) 
during outbreak period.

Figure 1. Cases and non-case carriers of CA-MRSA in School X by outbreak phase and month of onset (for cases) 
or first identification (for non-case carriers), Hong Kong (China), October 2012 to July 2013
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CA-MRSA isolates in Hong Kong (China) have been 
predominantly of spa type t019 and t437,6 different to 
the spa type t441 identified in this outbreak. However, 
the latter has occasionally been found in other Asian 
countries and is closely related to t437,7 belonging to 
the same lineage (sequence type 59, the Taiwan [China] 
clone).8

For future outbreaks, we recommend that systematic 
data be collected in each phase (e.g. hand hygiene and 
decolonization compliance) for quantitative analysis of 
the effectiveness of individual control measures.

CONCLUSION

We reported a CA-MRSA outbreak affecting five students 
in a boarding school in Hong Kong (China). Identification 
of carriers, decolonization therapy, intensive monitoring 
of cases and contacts and strengthening of environmental 
and personal hygiene were important strategies to help 
contain this school outbreak.
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Although dengue has been a public health problem for several decades in the Lao People’s Democratic Republic, 
the magnitude of the disease burden and epidemiological trends remain poorly understood. We analysed national dengue 
surveillance and laboratory data from 2006 to 2012 by person, place and time. Between 2006 and 2012, the annual 
dengue notification rate ranged between 62 and 367 cases per 100 000 population with an apparent geographical 
expansion of transmission throughout the country in recent years and concurrent co-circulation of all four dengue virus 
subtypes. An electronic database, called Lao Early Warning Alert and Response Network, was introduced in 2008 to 
provide automated early warning for outbreaks and epidemics. Village outbreaks continue to be notified primarily through 
event-based surveillance, whereas the weekly indicator-based system provides systematic assessment of annual epidemic 
cycles. The dengue case data indicate a high and increasing burden of disease. Efforts now need to focus on using available 
data to prompt more effective outbreak response and to guide the design and implementation of intervention strategies.

National dengue surveillance in 
the Lao People’s Democratic Republic, 
2006–2012: epidemiological and laboratory 
fi ndings
Bouaphanh Khampapongpane,a Hannah C Lewis,b Pakapak Ketmayoon,ab Darouny Phonekeo,a 
Virasack Somoulay,a Amphai Khamsing,a Manilay Phengxay,b Thongchanh Sisouk,a Phengta Vongphrachanha 
and Juliet E Bryantcd

Correspondence to Hannah C Lewis (e-mail: h.lewiswinter@yahoo.co.uk).

Dengue is the most rapidly spreading mosquito-
borne viral disease in the world; the disease is 
caused by infection with one of four related 

viral serotypes (DEN1–4), vectored primarily by Aedes 
aegypti mosquitoes. It was recently estimated that there 
are 390 million dengue infections per year worldwide, 
with more than two thirds of the burden being borne by 
Asia.1

The Lao People’s Democratic Republic is one of the 
least developed countries of South-East Asia, with an 
estimated population of only 6.5 million in 2012 living 
in predominantly rural agricultural communities. The 
country is landlocked, but there are increasing trade and 
traffic linkages with other dengue-endemic neighbouring 
countries. In 2013, the country experienced the worst 
dengue fever epidemic on record; consistent with global 
dengue emergence, the local patterns of transmission 
appear linked to increasing urbanization.2 Although 
dengue has been a public health problem for several 
decades in the Lao People’s Democratic Republic, 

with high levels of endemicity,  in urban and peri-
urban areas, the magnitude of the disease burden and 
epidemiological trends remain poorly understood. In this 
report we summarize national dengue surveillance and 
laboratory data over a seven-year period (2006–2012).

METHODS

Dengue surveillance in the Lao People’s Democratic 
Republic is included within the indicator-based National 
Surveillance System for Notifiable Selected Diseases that 
consists of passive weekly reports of clinically suspected 
cases, on admission, from all health-care facilities 
across the country. The case data comprise gender, 
age, date of onset, geographic locators (village, district, 
province) and case severity classifications. Between 
1998 and 2010, dengue case definitions were based 
on the 1997 WHO guidelines3 for dengue fever, dengue 
haemorrhagic fever and dengue shock syndrome. 
From 2011, revised WHO case classifications4 were 
adopted: dengue without warning signs, dengue with 
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antibodies by ELISA or for dengue virus via RT–PCR. 
Convalescent sera were only rarely collected and tested.

Case data presented here comprise data extracted 
from the Lao EWARN database available from 2006 
and validated in 2013. Case fatality rates (CFRs) were 
estimated based on the ratio of deaths to total reported 
cases. Age and gender of suspected cases were only 
actively collected from provinces by NCLE during 
the dengue epidemic in 2010. Laboratory data were 
extracted from log books going back to 2000. The results 
from the RDTs containing NS1 antigen were not available 
for analysis. Descriptive analyses were conducted using 
Excel, Epi Data Analysis v2.2 and ArcView. The chi-
square test was used for bivariate analyses.

RESULTS

Descriptive epidemiology

Between 2006 and 2012, the annual dengue 
notification rate ranged between 62 and 367 cases per 
100 000 population (Table 1). The CFR was 0.2% for 
all years except for 2008 when it was significantly higher 
at 0.5% (P < 0.01). In the epidemic year of 2010, 
22 890 cases and 46 deaths were reported (estimated 
367 cases per 100 000 population). The largest number 
of cases occurred among 10- to 20-year-olds (34%) 
with significantly more males (12 000 cases) than 
females (9119 cases, P < 0.01); male–female ratio: 
1.3:1 (Figure 1). Case reporting by province for 2008 to 
2012 indicated a marked expansion of geographic range 
(Figure 2). The number of provinces with a notification 
rate ≥ 200 per 100 000 increased from one in 
2006–2008 to five in 2009 and to 10 in 2010 (the first 
year that all provinces in the country reported dengue 
cases). Two provinces had notification rates of ≥ 200 
per 100 000 in 2011, and in 2012 this increased to 
six provinces. Outbreaks were reported almost exclusively 
from urban and peri-urban areas and only rarely from 
more remote rural villages.

Case reporting was highest from May/June 
to October/November with peaks in late August or 
September. In 2008, cases peaked earlier in June, and 
in 2012 cases peaked in October. Between the years 
2006 and 2009, the outbreak alert threshold was 
exceeded every week during May through November, 
but the epidemic threshold was reached for only one to 
two weeks at a time. In contrast, in 2010, reported dengue 

warning signs or severe dengue (SD). Data reporting was 
paper-based until 2008, when an electronic database 
with automated early warning alerts was introduced 
called Lao Early Warning Alert and Response Network 
(Lao EWARN). Data inputted into Lao EWARN consist 
of weekly case numbers and deaths stratified by case 
classification and aggregated by province and district. 
Outbreak alerts are signalled when the number of 
dengue cases exceeds the historical mean or whenever 
one or more suspected cases of SD are reported. 
Epidemic alerts are signalled when case numbers exceed 
two standard deviations above the historical mean. 
Historical means are usually based on five years of 
reported data (epidemic years are excluded). Epidemic 
years are defined as those with reported dengue cases 
markedly over epidemic thresholds throughout the 
dengue season and/or when the health care system is 
overwhelmed (i.e. a shortage of hospital beds).

The National Center for Laboratory and Epidemiology 
(NCLE) has maintained a database of outbreaks since 
2007 that includes outbreaks identified by health workers 
and community members (event-based surveillance) 
and outbreaks identified through the Lao EWARN 
system. When suspected dengue outbreaks are notified, 
response teams may be sent to collect sera from a target 
of 10 acute cases (fever onset less than seven days). 
Onsite field testing of sera using rapid diagnostic tests 
(RDTs) is performed if kits are available. Specimens are 
transferred to NCLE on wet ice by bus or air for further 
laboratory diagnostics. Between 2006 and 2012, 
laboratory diagnosis of dengue at NCLE was conducted 
by dengue IgM and IgG RDTs (various suppliers), 
commercial dengue IgM and IgG capture enzyme-linked 
immunosorbent assay (ELISA) (Panbio, Australia), 
haemagglutination inhibition assays (for epidemiological 
serosurveys only)5 and real-time polymerase chain 
reaction (RT–PCR). RDT kits including NS1 antigen 
(Dengue Duo NS1 Antigen + IgM/IgG, Standard 
Diagnostics Inc., Republic of Korea) were introduced 
from late 2009 and dispatched to the field. Molecular 
serotyping by RT–PCR was first introduced in 2006, using 
a conventional two-step assay performed on acute sera,6 
and a real-time RT–PCR protocol was adopted in 2012.7 
Starting in 2007, a testing algorithm was adopted 
whereby all sera submitted for analysis were tested by IgM 
capture ELISA, and a subset representing geographically 
diverse outbreaks were screened by RT–PCR. Cases 
were considered laboratory confirmed if the sera were 
processed at NCLE and tested positive for dengue IgM 
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cases exceeded the epidemic threshold for 16 weeks 
from week 35 onwards.

Between 2007 and 2012, a total of 323 outbreaks 
were notified (all causes), and dengue was suspected 
in 41 (13%) events (Table 2). In total, 76% (31/41) 
of dengue outbreak investigations included specimen 
collection (at least one sample) and 81% (25/31) were 
laboratory confirmed at NCLE. In 2010, 11 of 35 (31%) 
outbreaks were suspected dengue, and 3 of 7 (43%) 
outbreaks were confirmed. In 2012, all suspected dengue 
outbreaks (n = 14) led to investigations and sample 
submissions, with 13 of 14 outbreaks confirmed. Most 
outbreaks were notified through ad hoc event-based 
surveillance rather than via Lao EWARN.

Laboratory testing and serotype distribution

From 2000 to 2006, an average of 20 sera per year 
from suspected dengue cases were submitted for 

cases exceeded the epidemic threshold consistently from 
week six to week 45 (39 weeks duration) (Figure 3). 
Case reporting was exceptionally low and the outbreak 
threshold was only crossed twice in 2011. In 2012, 

Table 1. Notifiable disease surveillance case reporting of suspected dengue cases and notification rate per 
100 000, Lao People’s Democratic Republic, 2006–2012

Year
Reported dengue cases

Deaths CFR Notifi cation rate 
per 100 000*DF/D–WS DHF/D+WS DSS/SD Total

2006 5 046 664 71 5 781 11 0.19 101

2007 4 665 593 132 5 390 10 0.19 92

2008 4 248 181 58 4 487 21 0.47 75

2009 6 383 807 83 7 273 14 0.19 119

2010 20 986 1 639 265 22 890 46 0.20 367

2011 3 835 52 19 3 906 7 0.18 62

2012 9 386 514 52 9 952 22 0.22 154

CFR – case fatality rate; DF/D–WS – dengue fever/dengue without warning signs; DHF/D+WS – dengue haemorrhagic fever/dengue with 
warning signs; DSS/SD – dengue shock syndrome/severe dengue.

* Based on population prediction of the Lao People’s Democratic Republic National Census 2005.

Table 2. Suspected outbreaks reported in the Lao People’s Democratic Republic, 2007–2012

Year
Total outbreaks 

reported 
(all causes)

No. of dengue 
outbreaks 
(% total)

No. of 
dengue cases 

reported

No. of dengue 
outbreaks with 

specimens 
submitted

No. of dengue 
outbreaks with 
>10 specimens 

submitted

No. of dengue 
outbreaks with at 
least one sample 

laboratory confi rmed
2007 15 0 (0) NR 0 0 0

2008 15 3 (20) NR 3 1 3

2009 66 9 (14) 140* 4 3 3

2010 35 11 (31) 227 7 3 3

2011 50 4 (8) 94 3 1 3

2012 142 14 (10) 1926 14 4 13

Total 323 41 (13) 2387 31 12 25

NR – not recorded

* Cases recorded for four of nine reported outbreaks.
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Figure 3. Total number of suspected dengue cases by week in non-epidemic years, Lao People’s Democratic 
Republic, 2006–2012 (excluding 2010)
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Figure 2. Notification rates of suspected dengue per 100 000 population by province based on 2005 census 
population prediction, Lao People’s Democratic Republic, 2008–2012 
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(33.9%, P < 0.01) compared to younger age groups 
(43.4–51.6%). Since the establishment of in-house 
molecular serotyping in 2006, a total of 798 sera have 
been processed by RT–PCR. All four serotypes were 
detected in 2008, 2009 and 2010 (Table 5). Serotype 
1 was the predominant serotype detected in the period 
2007–2011, and serotype 3 (n = 102/109, 94%) was 
the most frequent in 2012.

DISCUSSION

The dengue case data from the Lao People’s Democratic 
Republic indicate a high and increasing burden of disease 
as evidenced by the annual notification rate (62–367 
cases per 100 000 population), numbers of outbreak 
alerts, the concurrent co-circulation of all four dengue 
virus subtypes and the explosive nationwide epidemic 
in 2010 (Table 1). A trend of increasing emergence is 
similar to that reported from neighbouring countries; in 
2010, the Lao People’s Democratic Republic had the 
highest notification rate in the Western Pacific Region.8

Fluctuations in severity of disease over the 
surveillance period, such as the significantly higher 
CFR in 2008, are difficult to explain. Given the changes 
to dengue case definitions in 2011, interpretation of 
trends over the surveillance period should be made 
with caution. Development of statistical approaches to 
correct for the impact of these modifications would be a 

analysis (Table 3). These specimens comprised referrals 
from provincial hospitals and samples from outbreak 
investigations. Specimen referrals increased steadily 
from 2007 and 2010, reaching a total of 733 specimens 
in 2010, dropping in 2011 due to low case numbers 
and increasing again in 2012 to 852 specimens. The 
number of laboratory-confirmed dengue samples by age 
and sex aggregated from 2008 to 2012 are presented 
in Table 4. There was a lower proportion of laboratory-
confirmed dengue in the 40-years-and-older age group 

Table 4. Total number of laboratory-confirmed dengue 
cases by age and sex, 2008–2012

Suspected 
cases

Laboratory-confi rmed 
cases (%)

Total 2591 1190 45.9
Age groups

0–4 133 66 49.6

5–9 434 224 51.6

10–19 911 439 48.2

20–29 555 241 43.4

30–39 270 122 45.2

≥ 40 251 85 33.9

Unknown 33 13 39.4

Sex
Male 1278 604 47.3

Female 1294 579 44.7

Unknown 19 7 36.8

Table 3. Laboratory diagnosis of suspected dengue cases referred NCLE, 2000–2012

Year
No. of samples 

received at 
NCLE

No. tested*
Rapid test ELISA

RT-PCR positive
IgM positive IgG positive IgM positive IgG positive

n % n % n % n % n % n %
2000 16 10 62 1/10 10 1/10 10 ND ND ND

2001 89 45 50 12/45 28 16/45 35.6 ND ND ND

2002 54 25 46 7/25 28 13/25 52 ND ND ND

2003 40 24 60 8/24 33 12/24 50 ND ND ND

2004 23 7 30 1/7 14 1/7 14.3 ND ND ND

2005 5 4 80 2/4 50 1/4 25 ND ND ND

2006 31 25 80 No data No data 20/25 80 14/25 56.0 ND

2007 178 124 69 13/28 45 11/28 39 93/124 75 52/77 67.5 66/179 37

2008 365 365 100 32/81 39 29/81 35 145/307 47 ND 63/172 37

2009 530 506 95 126/257 49 96/257 37 115/258 44 ND 25/48 52

2010 733 733 100 52/127 41 50/127 39 449/729 61 ND 90/131 69

2011 111 111 100 0/2 0 0/2 0 49/111 44 ND 8/26 31

2012 852 852 100 ND ND 432/852 51 ND 109/242 45

* Reflects the number of sera processed by any diagnostic test (rapid test, ELISA and/or RT-PCR).

ELISA – enzyme-linked immunnosorbent assay; NCLE – National Center for Laboratory and Epidemiology; ND – not done; RT-PCR – real-time polymerase 
chain reaction.
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(Table 3). Development of the Lao EWARN system in 
2008 facilitated automated tracking in real time and 
for the first time enabled data validation exercises and 
timely feedback to health offices to encourage regular 
reporting. However, the current surveillance system 
still has numerous inherent limitations including poor 
access to health-care facilities, clinical and laboratory 
misdiagnosis through confounding dengue with other 
diseases13,14 and underreporting of deaths due to 
cultural preferences for family members to die at home. 
Moreover, internal evaluations of the surveillance system 
have found inconsistent use of clinical case definitions 
and weekly variability in the number of sites reporting 
each week; there is not yet a system to link laboratory 
test results to case reporting nor a systematic reporting 
of RDT results during outbreak investigations. Molecular 
serotyping results for the period were likely biased 
towards outbreak samples as these were more frequently 
sampled and sequenced than routine referral samples.

The dengue surveillance system in the Lao People’s 
Democratic Republic has made extraordinary progress 
and currently meets many of the key international 
recommendations for surveillance and outbreak 
response. The outbreak alerts that are triggered regularly 
via Lao EWARN during epidemic years tend to overwhelm 
provincial and district health offices, and resources are 
often insufficient to verify and investigate all alerts. 
Hence, village outbreaks continue to be notified primarily 
through event-based surveillance, whereas the weekly 
indicator-based system provides systematic assessment 
of annual epidemic cycles. The NCLE, the Lao Oxford 
Mahosot Hospital Wellcome Trust Research Unit and 
Institute Pasteur have initiated systematic virological 
testing of dengue samples from several sentinel 
provinces; RDT results are now being reported from 
the field, the serotype/sequence database on dengue 
is accumulating, and a new working group has been 
established to coordinate analysis and interpretation 

useful contribution for countries with such discrepancies 
in national data sets. Although our finding of an excess 
of male suspected dengue cases in 2010 is consistent 
with a recent assessment of gender distribution in one 
province in the Lao People’s Democratic Republic,9 we 
found no significant difference in laboratory-confirmed 
cases. 

Provinces with large cities and high levels of 
rural–urban migration regularly reported the highest 
case numbers. More rural and isolated provinces, 
however, also had higher notification rates from 2009. 
One outbreak in a remote village in Xayabury Province 
during the dry season was particularly noteworthy 
because the serotype was genotypically endemic 
DEN1, but ecological factors suggested the possibility 
of sylvatic transmission.10 Expansion of dengue to rural 
areas should be closely monitored as these populations 
are particularly vulnerable with poor access to health-
care facilities. As seen in most dengue-endemic 
countries, disease transmission is highly seasonal in the 
Lao People’s Democratic Republic and coincides with 
the wet season. To date, the national case data do not 
suggest a clear pattern of epidemic cycles as has been 
found elsewhere in the Region.11,12 

The data presented here suggest a trend of 
increased transmission and geographic expansion (Figure 
2) throughout the country as has been seen across 
the region.8 However, the apparent dengue disease 
emergence may be partly explained by ascertainment 
bias introduced by ongoing evolution of the surveillance 
infrastructure. Dengue case reporting in the Lao People’s 
Democratic Republic has surely been influenced 
by national awareness and community education 
campaigns, changing health-seeking behaviour and 
improved access to telecommunications. Increased 
awareness of dengue was evidenced by trends in outbreak 
notifications (Table 2) and increases in specimen referral 

Table 5. Molecular serotyping of dengue cases, Lao People’s Democratic Republic, 2007–2012

Year Total no. 
tested

RT-PCR positive DEN1 DEN2 DEN3 DEN4
n % n % n % n % n %

2007 179 66 37 48 73 0 8 12 10 15

2008 172 63 37 23 37 17 27 5 8 18 29

2009 48 25 52 13 52 2 8 3 12 7 28

2010 131 90 69 34 38 27 30 20 22 9 10

2011 26 8 31 6 75 1 13 1 13 0 –

2012 242 109 45 1 1 6 5 102 94 0 –

RT-PCR – real-time polymerase chain reaction.
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of dengue data. The forthcoming analyses will assist in 
the critical task of designing and implementing effective 
preparedness and interventions strategies, including 
contingency plans and risk assessment schemes, and 
guiding policy-makers in making decisions on vaccine 
introduction when available.
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Objective: On 7 April 2012, a recently returned traveller from Thailand to Australia was confirmed to have measles. An 
outbreak of measles subsequently occurred in the state of New South Wales, prompting a sustained and coordinated 
response by public health authorities. The last confirmed case presented on 29 November 2012. This report describes the 
outbreak and its characteristics.

Methods: Cases were investigated following Australian protocols, including case interviews and assessment of contacts for 
post-exposure prophylaxis.

Results: Of the 168 cases identified, most occurred in south-western and western Sydney (92.9%, n = 156). Notable 
features of this outbreak were the disproportionately high number of cases in the 10–19-year-old age group (29.2%, 
n = 49), the overrepresentation among people of Pacific Islander descent (21.4%, n = 36) and acquisition in health-care 
facilities (21.4%, n = 36). There were no reported cases of encephalitis and no deaths.

Discussion: This was the largest outbreak of measles in Australia since 1997. Its occurrence highlights the need to 
maintain vigilant surveillance systems for early detection and containment of measles cases and to maintain high population 
immunity to measles through routine childhood immunization. Vaccination campaigns targeting susceptible groups may 
also be necessary to sustain Australia’s measles elimination status.

Measles is a highly infectious disease caused by 
a paramyxovirus of the genus Morbillivirus. 
Globally it is the most important cause of 

vaccine-preventable death.1 In Australia, two doses of 
measles-mumps-rubella (MMR) vaccine were introduced 
to the routine childhood vaccination schedule in 1998 
for all children at 12 months and four years of age and 
for all adults born after 1966 who were not immune or 
had one dose of MMR.2 Since July 2013, the second 
dose has been administered at 18 months of age as 
the measles-mumps-rubella-varicella (MMRV) vaccine.3 
A measles control campaign was also adopted in 1998, 
targeting children aged five to 12 years, resulting in high 
two-dose vaccination rates for this group. A national 
serological survey in 2002 estimated that the cohort 
born between 1978 and 1982 (aged 30–34 years in 
2012) had lower immunity, having only received one 
dose of measles vaccine and being born in a period 
when natural measles infection was less common; the 
cohort born before 1978 had better immunity.4 Those 
born before 1966 were assumed to have been naturally 
infected.

Sustained outbreak of measles in 
New South Wales, 2012: risks for measles 
elimination in Australia
Zeina Najjar,a Kirsty Hope,a Penelope Clark,b Oanh Nguyen,b Alexander Rosewellc and Stephen Conatya

Correspondence to Zeina Najjar (e-mail: zein100@hotmail.com).

Measles elimination has been discussed since 
the development of an effective measles vaccine in the 
1960s. In 2005, the World Health Organization Regional 
Committee for the Western Pacific, of which Australia is a 
member, formally declared a goal of measles elimination 
in the region by 2012.5 It has been suggested that this 
had been achieved in Australia as early as 1999,4 due 
to high population immunity achieved through the 1998 
measles control campaign and ongoing high two-dose 
vaccination rates among children since then,4,6 as well 
as a low incidence rate of measles in Australia with no 
endemic genotypes of the virus found in Australia since 
the early 1990s.4,7

However, measles cases acquired overseas are 
still detected in Australia which occasionally results in 
small outbreaks with ongoing transmission occurring 
in under-immunized populations. A large measles 
outbreak began in April 2012, with the index case being 
a 25-year-old male traveller from Thailand. During the 
next eight months, a further 167 cases were identified 
in the Australian state of New South Wales (NSW), 



WPSAR Vol 5, No 1, 2014 | doi: 10.5365/wpsar.2013.4.4.002www.wpro.who.int/wpsar 15

Sustained outbreak of measles in Australia, 2012Najjar et al

is considered to be a reliable record of all immunizations 
received in Australia by Australian residents currently 
aged 16 and under. Contacts of cases were assessed for 
timely post-exposure prophylaxis, either MMR or human 
normal immunoglobulin, as indicated.

Data were analysed using Microsoft Excel 2010 
and Epi InfoTM 7. Age-specific notification rates were 
calculated using 2012 mid-year NSW population data 
from the Australian Bureau of Statistics. Crude notification 
rates for Aboriginal and/or Torres Strait Islander people 
and people of Samoan ancestry were calculated using 
NSW population data obtained in the 2011 national 
census. Data on MMR vaccination coverage by 
postcode and LGA were obtained from the NSW Ministry 
of Health. Mapping of cases was performed using ArcGIS 
10.1.

RESULTS

Temporal and geographic distribution

Between April and November 2012, over a period of 
36 weeks, 168 confirmed cases of measles occurred in 
NSW (Figure 1) – the majority (n = 126, 75.0%) in 
South Western Sydney Local Health District (Figure 2). 
Western Sydney Local Health District had the next 
highest number of cases (n = 30, 17.9%), with the 
remaining cases distributed among several other districts. 
LGAs with the highest notification rates were 
Campbelltown, Camden and Liverpool (Table 1), all 
located in South Western Sydney Local Health District. 

constituting the largest measles outbreak in Australia 
since 1997 and illustrating the challenges in maintaining 
Australia’s measles elimination status. We report on the 
characteristics of this outbreak.

METHODS

Under the NSW Public Health Act 2010,8 patients with 
measles must be notified to the local Public Health Unit 
by doctors and laboratories. NSW is divided into eight 
Local Health Districts with each district containing a 
Public Health Unit. Local Health Districts are subdivided 
into Local Government Areas (LGAs) and further 
subdivided into suburbs.

All confirmed cases, as defined in the Australian 
national guidelines,9 with a symptom onset between 
7 April and 29 November 2012, an epidemiological 
link to South Western Sydney or Western Sydney Local 
Health Districts, no history of overseas travel and a 
laboratory specimen that was of either unknown or D8 
genotype were considered part of the outbreak. Clinical 
specimens from measles cases occurring in this period 
with no clear epidemiological link to outbreak cases 
underwent genotyping at a reference laboratory.

Routine case investigation and the public health 
response followed the Australian national guidelines.9 

Where possible, vaccination status was validated 
on the Australian Childhood Immunization Register 
(ACIR) established in 1996 to record immunizations 
administered to children under the age of seven. ACIR 

Figure 1. Number of measles cases by outbreak week and Pacific Islander status by symptom onset date, 
New South Wales, Australia, April to November 2012 (n = 168)
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olds (n = 20, 4.5 per 100 000 population). Among 
children aged less than one year (n = 36), 28% were 
aged less than nine months (n = 10).

Of the 168 cases, 12 (7.1%; 5.8 per 100 000 
population) were identified as being Aboriginal and/or 
Torres Strait Islander people. Thirty-six cases (21.4%) 
were of Pacific Islander descent with 29 Samoan (17.3%; 
188.7 per 100 000 population). The Pacific Islander 
cases were particularly overrepresented in the first half 
of the outbreak, with all but two occurring before week 
23 (Figure 1). They also comprised 29% (n =14) of the 
10–19-year-old age group.

The suburb of Claymore, located within Campbelltown 
LGA, had a particularly high notification rate (Table 1).

Case characteristics

Approximately half the cases were male (n = 87, 
51.8%), with the age ranging from four months to 
61 years and a median age of 14 years (Figure 3). 
Measles case notification rates were highest in the 
less-than-one-year age group (n = 36, 37.3 per 100 
000 population) followed by 15–19-year-olds (n = 29, 
6.2 per 100 000 population), one- to four-year-olds 
(n = 19, 5.0 per 100 000 population) and 10–14-year-

Table 1. Measles case notification rates and immunization coverage rates with MMR1 and MMR2 in 2012 
in Local Government Areas in New South Wales with greater than 10 outbreak cases, April to 
November 2012

Local Government Area Incidence rate 
(per 100 000 population)

MMR1 vaccination coverage 
at two years of age in 2012 (%)

MMR2 vaccination coverage 
at fi ve years of age in 2012 (%)

Blacktown LGA 3.2 93.7 91.0

Camden LGA 17.4 96.8 94.1

Campbelltown LGA
  Claymore (suburb)

47.2
393.0

94.8
92.6

92.3
88.2

Liverpool LGA 16.4 93.9 92.1

Parramatta LGA 5.7 93.2 91.0

NSW (total) 2.3 93.8 91.2

MMR – measles-mumps-rubella

Figure 2. Measles cases by residence, New South Wales, Australia, April to November 2012 (n = 168)
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Vaccination

Forty cases (23.8%) reported a vaccination history of 
at least one dose of MMR. Of the 22 that were eligible 
for inclusion on ACIR, only seven were located on ACIR; 
three of the seven cases had received two doses of MMR 
vaccine. For the remaining 33 cases with no records 
on ACIR, only one provided alternate documentation 
of immunization status; the remaining 32 were based 
on self-report (six reported receiving two doses of MMR 
vaccine). 

Most of the 128 cases that were not sure or reported 
no history of vaccination were aged more than one year 
(n= 95) and therefore were not vaccinated appropriately 
for their age. For the 52 cases that provided a reason for 
this non-vaccination, the most common reasons included 
being a vaccine refuser (n =32), forgetting to get 
vaccinated (n =5) or being born overseas (n =3).

In 2012, the five LGAs with more than 10 outbreak 
cases (Table 1) had immunization coverage of at least 
93% for the first dose of MMR vaccine and at least 91% 
for the second dose. The same was found by suburb, 
with the exception of Claymore in Campbelltown LGA 
which had coverage of 88.2% for the second dose of 
MMR. 

Health service presentations

There were 355 separate health service presentations 
by the 168 cases; 197 (55.5%) presented to 

Clinical course of illness

The most common symptoms recorded were rash 
(n = 168, 100%), fever (n = 165, 98.2%), cough 
(n = 158, 94.0%), coryza (n = 143, 85.1%) and 
conjunctivitis (n = 101, 60.1%). Koplik’s spots were 
identified in 43 cases (25.6%), with other symptoms 
including lethargy, malaise, vomiting, sore throat and 
headache. Most cases (n = 130, 77.4%) had fever at 
the time of rash onset.

Forty-nine cases (29.2%) were hospitalized; 
seven (4.2%) developed complications – five developed 
bronchiolitis, one pneumonia and one pregnant case 
miscarried at eight weeks during the prodrome of 
her measles illness. There were no reported cases of 
encephalitis and no deaths.

Laboratory diagnosis

Most cases (n =157, 93.5%) were laboratory-confirmed 
with the remaining 11 cases (6.5%) confirmed based on 
clinical and epidemiological evidence. Of the 148 cases 
with available laboratory test results, most were confirmed 
through serological assay for measles virus-specific IgM 
antibodies (n =123), followed by antigen detection on 
a respiratory specimen by immunofluorescence (n =51) 
and nucleic acid testing on a respiratory or urine sample 
(n =43). Negative test results were not reported to 
Public Health Units. Genotyping identified measles virus 
genotype D8 in 55 outbreak cases and genotype B3 in 
one case that was excluded from the outbreak.

Figure  3. Number of measles cases by age group, New South Wales, April to November 2012 (n = 168)
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DISCUSSION

Despite high vaccination coverage and timely public 
health control measures, this measles outbreak 
continued for 35 weeks. In Australia, unvaccinated 
young adults have been linked to outbreaks and pose 
a particular risk because of their mobility, high contact 
rates and the increasing ease of overseas travel.10 
The D8 genotype in this outbreak is known to be 
circulating in Thailand and has been exported to 
Australia and Europe previously.11,12 Key features of this 
outbreak were the disproportionately high notification 
rates in people of Pacific Island descent and teenagers. 
Other notable features included the number of infants 
affected and nosocomial transmission in health-care 
settings.

In the era of measles elimination, under-immunized 
minority groups are a major component of measles 
epidemiology; however, interventions to increase 
immunity in these groups remain a challenge.13–15 In 
Australia, Pacific Islanders are a high-risk group for 
ongoing transmission of measles,16 as shown in this 
outbreak, where people of Pacific Island, particularly 
Samoan descent, were overrepresented. In 2006, 
there were approximately 100 000 Pacific Islanders 
living in Australia, predominantly in Sydney, Melbourne 
and Brisbane.17 This figure, however, is likely to be 
an underestimate as many Pacific Islanders arrive via 
New Zealand, with which Australia has special mutual 
migration arrangements whereby citizens can visit, live 
and work in either country.18 In the 2011 national census, 
Campbelltown LGA had a population of 145 967 with 
2.1% reporting speaking Samoan in their households;19 
in Claymore, within Campbelltown LGA, this was 13.0% 
of the 3308 population, one of the highest proportions 
in NSW.20 Official immunization data by ethnicity are 
not available, but staff that conducted the MMR clinics 
in high schools during the outbreak reported that many 
students of Pacific Islander background appeared to 
have missed routine childhood vaccinations both before 
and after their arrival in Australia. 

The three LGAs with the highest notification rates in 
2012, Campbelltown, Camden and Liverpool, also had 
higher vaccination coverage rates than the NSW average. 
This suggests that high coverage rates at the LGA level 
may not represent complete coverage within the LGA, as 
there may be pockets of under-immunized populations in 
these areas, as evidenced by the lower vaccine coverage 

general practitioners and 158 (44.5%) to emergency 
departments. In 80 emergency department (50.6%) 
and 33 general practitioner (16.8%) visits, isolation 
procedures were adopted, and no contact follow-up 
was required. There were 16 instances of transmission 
occurring in the waiting rooms of general practices and 
emergency departments, and in hospital wards, resulting 
in 36 secondary cases (21.4% of all cases).

Public health response

Case and contact follow-up

A total of 4786 contacts of cases not correctly isolated 
in waiting rooms of emergency departments and general 
practitioners were contacted by telephone and letter. 
Of these, 621 were advised to have MMR vaccine 
and 442 to have normal human immunoglobulin as 
post-exposure prophylaxis. An additional 415 personal 
contacts of cases were identified for follow-up; 80 were 
advised to have MMR vaccine and 85 to have normal 
human immunoglobulin.

The volume of cases and large number of 
susceptible contacts identified required additional 
staffing within some Public Health Units, and in South 
Western Sydney Local Health District Public Health Unit 
an Incident Command System structure was adopted. In 
addition, the NSW Health Computer Assisted Telephone 
Interviewing service was engaged to assist with contact 
follow-up.

Prevention measures

Multiple methods of communicating with both health 
practitioners and the community were used. Alerts 
were sent to general practitioners and emergency 
departments, local Public Health Units placed posters in 
areas believed to see a high volume of people within the 
most affected communities and multiple media releases 
were broadcast.

MMR vaccination clinics were established in 
seven high schools that either had confirmed cases or 
high enrolments of students of Pacific Islander descent. 
A community vaccination clinic was also established in 
a local club. In addition, Samoan churches were visited 
by public health staff and community leaders, and 
educational materials about measles were distributed in 
both English and Samoan.
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of multiple presentations by cases to health-care facilities 
contributed to nosocomial transmission, as did the lack 
of isolation of cases presenting with a fever and rash, 
despite significant communication between public health 
authorities and clinical services. A high turnover of staff 
and the nature of shift work in emergency departments 
where staff were not always present to access the 
communications from public health authorities, as 
well as a lack of diagnostic experience among younger 
clinicians who often had never seen a case of measles, 
may explain these oversights.

There are some limitations to this outbreak 
investigation. Small surveillance gaps between 
generations of cases illustrated that not all cases of 
measles were being identified. Reporting of negative test 
results are not required in the established surveillance 
system, and cases that were initially notified but later 
discarded due to incomplete or poor-quality laboratory 
test results made it difficult to draw conclusions about 
the effectiveness of the surveillance system. Data quality 
was at times incomplete, including for ethnicity status 
and whether a contact received their recommended 
intervention. Cases were not followed up after initial 
interview and contact tracing; information about 
complications from measles was also incomplete and 
may underestimate the true burden of disease. The 
sensitive case definition used may have included cases 
not truly part of the outbreak; however, this number is 
likely to be small as all cases with no clear epidemiological 
links underwent genotyping with only one non-D8 case 
identified.

This outbreak, although the largest in Australia 
since 1997, was relatively modest in size, limited in 
geographical spread and of moderate duration compared 
with other recent outbreaks from industrialized countries 
throughout Europe.29 However, its duration is cause for 
concern, particularly as recent modelling suggests that 
based on declining measles seropositivity, the effective 
reproductive number (R) may exceed one in Australia 
in the next few years.30 Australia’s measles elimination 
status was not affected by this outbreak; however, the 
circulation of a single measles virus genotype for 35 weeks 
highlights the need to maintain vigilant surveillance 
systems for early detection and containment of measles 
cases and to maintain high population immunity to 
measles. This outbreak also highlighted susceptibility 
of measles in Pacific Islanders living in Australia and 
that young travellers can cause measles outbreaks in 

in Claymore. Therefore, as well as ensuring childhood 
vaccination targets of 95% for the first dose and 90% 
for the second dose,21 geographically targeted strategies 
towards susceptible minority groups are also required to 
increase overall measles immunity.

There was also a high number of cases aged between 
10 and 19 years in this outbreak – a group that should 
have received routine childhood vaccinations. A measles 
outbreak in England in 2012 showed a similar pattern, 
attributed to the dramatic fall in MMR vaccinations in 
the United Kingdom in the late 1990s following a link 
made between the MMR vaccine and autism, which 
was subsequently discredited.22 However, this does not 
explain the high number of cases in this age group in 
this outbreak, as according to ACIR data, Australia did 
not suffer the same decline in MMR coverage at that 
time.23 As ACIR data were not consistently reported until 
the late 1990s,24 historical immunization coverage of 
teenagers (aged 14 and over in 2012) is not available. 
Also, the immunization status of children who migrate to 
Australia is not captured by ACIR, especially those over 
the age of four who have missed all routinely scheduled 
immunizations. These factors may partially explain 
why this potentially susceptible group that should have 
received routine childhood vaccinations may have been 
undetected before the outbreak. Despite this, that over 
two thirds of cases in this age group were born in Australia 
and should have received two doses of MMR vaccine as 
part of routine childhood immunizations introduced in 
1998 is a concern.

Two other age groups at high risk of measles 
infection25 were also overrepresented in this outbreak – 
infants and adults aged 30–34. Infants aged less than 
12 months are too young to have been vaccinated. 
That a significant proportion of this group were aged 
less than nine months suggests earlier waning natural 
protection offered by maternal antibodies than previously 
thought.26 Adults aged 30–34 years grew up in a 
period when measles was not endemic in Australia, 
but due to their age, they may have missed out on the 
1998 vaccination programme and measles control 
campaign.

Nosocomial transmission in health-care settings 
formed a significant component of the outbreak burden, 
also seen in previous outbreaks,27 as these settings are 
ideal for transmission of measles due to their closed 
spaces and susceptible occupants.28 The large number 
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non-endemic countries; a vaccination programmme 
targeting these at-risk groups needs to be implemented 
in conjunction with the routine childhood immunization 
programme, to which no change is required.
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Anaplasma phagocytophilum is a zoonotic agent of public health importance, infecting both humans and animals. 
An investigation of the presence of Anaplasma phagocytophilum as well as Anaplasma platys was conducted in a forest 
area of Selenge province, Mongolia, where ticks are widely distributed and tick-borne diseases are highly endemic. 
Ticks were collected and tested using polymerase chain reaction based on groEL methodology. Anaplasma phagocytophilum 
was detected in 14 (6%) of Ixodes persulcatus ticks and four (1%) Dermacentor nuttalli ticks; infection of Anaplasma 
platys was detected in 1% of Ixodes persulcatus ticks and 10% of Dermacentor nuttalli ticks. The phylogenetic tree 
showed that the Anaplasma phagocytophilum clustered with the Russian group, most likely due to similar geographical 
locations. This finding is significant for both veterinary and public health officials given that these agents can cause both 
animal and human illness.

Natural Anaplasma phagocytophilum 
infection in ticks from a forest area of 
Selenge province, Mongolia
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Anaplasma phagocytophilum is a gram-
negative obligate intracellular bacterium long 
recognized as a veterinary agent1 and more 

recently as a human infection. Human granulocytic 
anaplasmosis (HGA) was first reported in the 
United States of America in 1994,2 and since then 
Anaplasma phagocytophilum has been considered 
an emerging pathogen of public health importance.3 

HGA is characterized by headache; chill; myalgia; 
arthralgia; malaise; and hematological abnormalities 
such as thrombocytopenia, leukopenia and elevated 
hepatic aminotransferase levels.4 Anaplasma 
phagocytophilum is thought to be naturally maintained 
in a tick-rodent cycle with humans being involved only 
as incidental dead-end hosts.5

In Mongolia, livestock play an important role as 
reservoirs of Anaplasma phagocytophilum in endemic 
areas. The first study on human seroprevalence 
against Anaplasma phagocytophilum for central Asia 
reported a seroprevalence of 2.3% in Selenge province, 
5.6% in Bulgan province, 2.8% in Dornogov province 
and 3.0% in both Tov province and Ulaanbaatar.6

The objective of this study was to investigate 
the presence of Anaplasma phagocytophilumin tick 
vectors in a forest area of Selenge province, Mongolia.

METHODS

Un-engorged ticks were collected from two districts 
in Selenge province, Mongolia, Altanbulag and 
Khuder, both which border the Russian Federation. 
These districts were chosen for the study as they contain 
forest areas where ticks are widespread. Ticks were 
identified to the species level and stored alive at 4 °C 
until used. Tick samples (3–5 ticks) were frozen and 
mashed by liquid nitrogen and then deoxyribonucleic 
acid (DNA) was extracted using the G-spin genomic 
DNA extraction kit (iNrRON Biotechnology Inc., 
Republic of Korea).

Polymerase chain reaction (PCR) was conducted 
using groEL PCR-restriction fragment length 
polymorphism and sequence analysis.7 Primers 
designed to amplify the partial groEL gene encoding 
heat-shock protein of Anaplasma phagocytophilum 
EphplgroELF (5-ATGGTATGCAGTTTGATCGC-3) and 
EphplgroELR (5-TCTACTCTGTCTTTGCGTTC-3) were 
used and expected to yield a 625-bp product for 
Anaplasma phagocytophilum and for Anaplasma platys, 
respectively. PCR amplifications were performed using 
the Maxime PCR PreMix kit (iNrRON Biotechnology 
Inc., Republic of Korea). All PCR products were 
separated by agarose gel electrophoresis, stained with 
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RESULTS

A total of 242 unfed ticks, comprising 222 adult 
Ixodes persulcatus ticks and 20 adult Dermacentor 
nuttalli ticks, were collected and individually examined. 
Of these, 14 (6.3%) Ixodes persulcatus samples and 
four (20%) Dermacentor nuttalli samples were positive 
for Anaplasma phagocytophilum; four (1.8%) Ixodes 
persulcatus samples and two (10%) Dermacentor 
nuttalli samples were positive for Anaplasma platys 
(Table 1).

The phylogenetic tree showed four main 
clusters: Europe-I, Russian Federation, Europe-II 
and United States of America (USA). The Anaplasma 
phagocytophilum groEL gene sequences from this study 
clustered within the Russian group and were most 

ethidium bromide and visualized under ultraviolet light 
(Figure 1).

Direct DNA sequencing was performed using the 
same PCR primers. If the sequence result was of low 
quality, the amplicon was cloned into a plasmid vector 
using a TOPO TA cloning kit (Invitrogen, Carlsbad, 
California) and then sequenced using the primers 
provided with the kit. Nucleotide sequences were 
initially checked using the Basic Local Alignment Search 
Tool hosted by the National Center for Biotechnology 
Information (http://blast.ncbi.nlm.nih.gov/Blast.cgim) 
for comparison with other known nucleotide sequences. 
The multiple alignment analysis and phylogenetic 
analysis were performed using the ClustalW online 
server (http://www.genome.jp/tools/clustalw/) with the 
default parameters.

Figure 1. Phylogenetic tree of Anaplasma phagocytophilum groEL gene
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The phylogenetic tree showed clustering within 
the Russian group most closely with other samples 
from the same tick species from the Russian Federation 
and genetically distinct from agents found in 
Ixodes ricinus ticks, ruminants, horses, humans 
and more. As Selenge province is located in 
the north part of Mongolia and borders the 
Russian Federation, it has a similar geographical 
topography and therefore this result is not surprising. 
Ixodes persulcatus is the vector of Anaplasma 
phagocytophilum in Asia, the Ural Mountains in the 
Russian Federation, Siberia, the Far East and in the 
Russian Baltic region.9 Ixodes persulcatus is distributed 
within the north and north-eastern parts of Mongolia; 
Dermacentor nuttalli is more widely distributed 
throughout Mongolia.

To the author’s knowledge, this study is the 
first description of Anaplasma phagocytophilum and 
Anaplasma platys in ticks in Mongolia and has both 
veterinary and public health significance given that 
these agents can cause both animal and human illness. 
As there is already serological evidence of human 
illness from Anaplasma phagocytophilum in Mongolia,6 
an understanding of the transmission mechanisms 
from tick to humans is required to develop prevention 
methods for HGA.

closely related to the Anaplasma phagocytophilum 
detected in Ixodes persulcatus ticks from Novosibirsk 
(GenBank:HM366569.1) and from Sverdlovsk 
(GenBank:HM366567.1) in the Russian Federation 
and were genetically distinct from Anaplasma 
phagocytophilum agents found in Europe-I, Europe-II 
and USA groups (Figure 1).

DISCUSSION

Discrepant infection of Anaplasma phagocytophilum in 
ticks has been observed around the world. In this study, 
both Anaplasma phagocytophilum and Anaplasma 
platys infection were detected in ticks from the forest area 
of Selenge province, Mongolia. For Ixodes persulcatus 
ticks the prevalence of Anaplasma phagocytophilum 
was 6.3%, similar to the 4.6% reported in a previous 
study from Inner Mongolia Autonomous Region and 
Heilongjiang Province, China.8 Infection in female 
Ixodes persulcatus ticks was higher than in males. 
Anaplasma platys infection in Ixodes persulcatus ticks 
was 1.8%. For Dermacentor nuttalli ticks, Anaplasma 
phagocytophilum was detected in 20% and Anaplasma 
platys in 10%. This suggests that these tick species 
may play a role in the transmission of both Anaplasma 
phagocytophilum and Anaplasma platys from ticks to 
humans in nature.

Table 1. Detected of Anaplasma phagocytophilum and Anaplasma platys in ticks by species, district and gender, 
Selenge province, Mongolia, 2013

Tick species District Tick 
gender

No. of 
samples

Positive for Anaplasma 
phagocytophilum (%)

Positive for Anaplasma 
platys (%)

Dermacentor nuttalli 
(n = 20)

Altanbulag Female 6 1 (16.7) –
Male 4 1 (25.0) –

Khuder Female 6 1 (16.7) 2 (33.3)
Male 4 1 (25.0) –

Subtotal Female 12 2 (16.7) 2 (16.7)
Male 8 2 (25.0) –
All 20 4 (20.0) 2 (10.0)

Ixodes persulcatus 
(n = 222)

Altanbulag Female 23 3 (13.0) 1 (4.4)
Male 26 2 (7.7) 1 (3.8)

Khuder Female 88 5 (5.7) 2 (2.3)
Male 77 4 (5.2) –

Unknown 8 – –
Subtotal Female 111 8 (7.2) 3 (2.7)

Male 103 6 (5.8) 1 (1.0)
All 222 14 (6.3) 4 (1.8)

Total 242 18 (7.4) 6 (2.5)
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Tuberculosis (TB) control in the World Health Organization (WHO) Western Pacific Region has seen substantial progress 
in the last decade, with a 33% reduction in prevalent TB cases since 2000. The burden remains immense, however, 
and national TB programmes must evolve and adapt to build upon these gains. Through routine surveillance, countries 
and areas in the Region reported 1.4 million TB cases in 2012. The case notification rate increased in the early 2000s, 
appears to have stabilized in recent years and is in decline for all forms and new smear-positive cases. The age and sex 
breakdown for smear-positive TB case rates by country shows generally higher rates with increased age and declining rates 
over time for all age groups. Treatment success remains high in the Region, with 15 countries reaching or maintaining 
an 85% success rate. HIV testing among TB patients has increased gradually along with a slow decline in the number of 
HIV-positive patients found.

The trend of TB notification is heavily influenced by programmatic improvements in many countries and rapidly changing 
demographics. It appears that cases are being found earlier as reflected in declining rates of smear-positive TB and steady 
rates of TB in all forms. WHO estimates depict a decline in TB incidence in the Region. HIV testing, while still low, has 
increased substantially in recent years, with essential TB/HIV services expanding in many countries.

TB surveillance data, within inherent limitations, is an important source of programmatic and epidemiological information. 
Careful interpretation of these findings can provide useful insight for programmatic decision-making.

Tom Hiatta and Nobuyuki Nishikioria

Correspondence to Tom Hiatt (e-mail: hiattt@wpro.who.int).

Epidemiology and control of tuberculosis in 
the Western Pacifi c Region: analysis of 2012 
case notifi cation data

Significant progress has been made in tuberculosis 
(TB) control in the World Health Organization 
(WHO) Western Pacific Region especially in the 

past decade. The number of prevalent TB patients in 
the Region fell from 3.6 million in 2000 to 2.4 million 
in 2012.1 During the same period, over 10 million 
patients were diagnosed and treated, and an estimated 
800 000 deaths were averted.2 According to the latest 
WHO estimates, the Region is on track for achieving 
the TB-related Millennium Development Goals (MDGs) 
and other international targets by 2015. However, with 
1.4 million TB patients notified annually in the Region 
and several countries with a persistent substantial 
disease burden, TB control policies and strategies 
require continuous evolution to adopt new tools and 
approaches as well as to address emerging challenges 
faced by national TB control programmes. In light of the 
MDG target date approaching, WHO has embarked on 
an extensive consultative process of developing a new 
global TB strategy after 2015.3 At this critical period 
of strategy renewal, a thorough analysis of surveillance 

data provides valuable information on the current 
epidemiological situation, programmatic progress and 
future directions.

Throughout the year of 2014 and beyond, we plan 
to conduct a series of further regional analyses on various 
topics such as subnational data analysis and utilization, 
the situation of drug-resistant TB, contact investigation 
and other forms of TB screening activities to stimulate the 
utilization of surveillance data for informed programme 
decision-making.

METHODS

Data

Every year, 36 countries and areas in the Region are 
requested to report TB surveillance data to WHO using 
a standardized data collection form. Since 2009, a web-
based online system has been used for data submission 
and validation. Collected data cover the following 
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areas: TB case notifications and treatment outcomes, 
diagnostic and treatment services, drug management, 
surveillance and surveys of drug resistance, information 
on TB/HIV co-infection, infection control, engagement of 
all care providers and budgets and expenditures for TB 
control. The full description of methods is available in 
the Global Tuberculosis Report 2013 and the data sets 
are available from the WHO global TB database (www.
who.int/tb/data). Case definitions for TB can be found in 
the 4th edition of the TB treatment guidelines.4 In 2013, 
30 countries and areas of the Western Pacific Region 
reported data representing more than 99.9% of the total 
population. This report described the epidemiological 
situation and progress in programmatic response with 
a focus on seven countries with a high burden of TB: 
Cambodia, China, the Lao People’s Democratic Republic, 
Mongolia, Papua New Guinea, the Philippines and 
Viet Nam. (Globally, WHO designates 22 countries 
including Cambodia, China, the Philippines and Viet 
Nam with a high burden of TB. The other three countries 
– the Lao People’s Democratic Republic, Mongolia and 
Papua New Guinea – are considered priority countries with 
a high burden of TB in the Western Pacific Region).

Analysis and reproducibility

Analysis was conducted by the statistical package R 
(R Core Team, 2013, Vienna, Austria, www.R-project.
org). Due to calls for transparent and reproducible 
research,5,6 we have published programme code to 
generate the entire contents of this article including all 
figures and tables by using R with the knitr package 
(Yihui Xie, 2013). Readers can request copy of the 
code and reproduce all figures and tables under an 
appropriate personal computing environment. For non-
commercial purposes, readers may modify the code to 
produce figures and tables that are not presented in this 
article. For instance, readers may wish to produce tables 
and figures for countries or regions other than the WHO 
Western Pacific Region.

RESULTS

Case notifi cation

In 2012, countries and areas in the Region reported 
1 410 835 people with TB disease (Table 1), making 
up 23% of the global burden.1 Of these cases, 97.5% 
(1 375 713) were new episodes of TB disease (either 

new or relapse cases). Within the Region, China accounts 
for 64% (900 678) of the caseload, with the Philippines 
and Viet Nam following with 16% (230 162) and 7% 
(103 906), respectively. TB notification rates, expressed 
as cases per 100 000 population, vary substantially 
in the Region, with the highest rates found in Kiribati, 
Papua New Guinea, the Marshall Islands, Cambodia 
and the Philippines (343, 287, 276, 270 and 
224 per 100 000 population, respectively [Figure 1, 
Table 1]). 

Between 2002 and 2007, case notification rates 
in the Region increased from 47 to 77 per 100 000 
population in all forms of TB and from 22 to 38 per 
100 000 population in new smear-positive TB cases. 
After 2005, the case notification rates for all forms of TB 
stabilized, and new smear-positive cases seem to have 
started to decrease (Figure 2).

Distribution by age and sex

Figure 3 shows age- and sex-specific case notification 
rates of new smear-positive cases for the seven countries 
with a high burden of TB in the Region (note that the 
scale of the vertical axis is different for each country). 
Many countries follow a typical pattern for cross-
sectional observations with increasing notification 
rates towards older populations except Mongolia and 
Papua New Guinea. In general, males are more affected 
than females, with male-to-female TB ratios 3:1 in 
Viet Nam.

Figure 4 shows trends of notification rates of new 
smear-positive cases of age- and sex-specific groups 
in the seven countries with a high burden of TB from  
2000 to 2012. Some countries such as Cambodia, 
China and Viet Nam demonstrated a declining trend 
of case notification for almost all age- and sex- groups,  
while others showed a less apparent trend. 
Papua New Guinea showed a sharply increasing trend.

Treatment outcomes

The Region continued observing treatment success 
rates beyond the target of 85% (Figure 5), and the 
rate has been at 85% or higher over the past several 
years. Across the Region, 15 countries and areas 
reached or maintained the 85% treatment success 
target. Among the countries with a high burden of TB, 
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Table 1. TB case notification from countries and areas of the Western Pacific Region, 2012 

Countries and 
areas

Total 
notifi ed

Total 
notifi ed 

(per 
100 000)

New cases Re-treatment cases

Smear 
positive

Smear 
negative

Smear 
not done

Extra-
pulmonary

Case type 
unknown

Pulmonary cases 
laboratory-

confi rmed (%)
Relapse

Re-treatment 
excluding 

relapse

New 
and 

relapse*

American 
Samoa –

Australia 1 325 6 290 330 78 498 63 667 (96) 26 20 1 305

Brunei 
Darussalam 243 59 119 51 28 31 0 166 (84) 14 0 243

Cambodia 40 258 270 14 838 8 509 0 15 290 0 14 838 (64) 446 73 40 185

China 900 678 65 316 332 533 977 2 073 6 479 0 316 332 (37) 31 784 10 033 890 645

Hong Kong 
(China) 4 969 67 1 463 2 004 202 817 0 2 704 (74) 323 160 4 809

Macao (China) 406 73 156 137 2 31 0 241 (82) 26 2 404

Cook Islands 1 5 0 0 0 0 0 0 – 1 0 1

Fiji 218 24 111 54 0 40 0 165 (100) 5 8 210

French 
Polynesia 50 18 26 10 0 8 0 33 (92) 6 0 50

Guam 68 42 23 23 14 8 0 31 (52) 0 0 68

Japan 21 283 16 7 663 7 454 221 4 609 0 13 013 (85) 910 426 20 857

Kiribati 348 343 134 122 0 73 9 134 (52) 8 2 346

Lao People’s 
Democratic 
Republic

4 156 62 3 062 484 351 3 062 (86) 168 38 4 118

Malaysia 22 710 75 13 311 4 941 52 2 945 0 13 311 (73) 602 859 21 851

Marshall Islands 147 276 54 39 14 29 0 54 (50) 4 2 145

Micronesia, 
Federated 
States of

146 139 43 75 2 22 0 58 (48) 2 2 144

Mongolia 4 453 148 1 716 617 0 1 611 0 1 716 (74) 184 325 4 128

Nauru –

New Caledonia 38 15 13 11 0 12 1 24 (100) 1 0 38

New Zealand 297 7 68 88 11 112 3 143 (86) 11 4 293

Niue 0 0 0 0 0 0 0 0 – 0 0 0

Northern 
Mariana Islands 34 60 10 17 0 4 1 15 (56) 0 2 32

Palau 4 19 3 1 0 0 0 3 (75) 0 0 4

Papua New 
Guinea 22 488 287 2 862 2 046 7 149 8 277 0 2 862 (24) 223 1 931 20 557

Philippines 230 162 224 94 006 115 263 0 3 274 0 94 006 (45) 4 084 13 535 216 627

Republic of 
Korea 49 532 89 12 137 15 622 3 316 8 470 0 28 397 (91) 4 157 5 830 43 702

Samoa 22 12 15 4 0 3 0 19 (100) 0 0 22

Singapore 2 364 43 678 1 093 126 306 0 1 206 (64) 98 63 2 301

Solomon Islands 372 66 157 87 0 112 0 157 (64) 5 11 361

Tokelau –

Tonga 11 10 9 1 0 1 0 10 (100) 0 0 11

Tuvalu 20 193 8 2 0 9 0 9 (90) 0 1 19

Vanuatu 126 51 51 22 0 51 0 73 (100) 1 1 125

Viet Nam 103 906 112 51 033 21 706 18 904 3 210 51 033 (70) 7 259 1 794 102 112

Wallis and 
Futuna Islands –

Western Pacifi c 
Region 1 410 835 75 520 391 714 790 13 288 72 377 3 287 544 482 (44) 50 348 35 122 1 375 713

Blank cells indicate data not reported; “–” indicates values that cannot be calculated.
* New and relapse – includes cases for which the treatment history is unknown.
Note: Data reported as of 1 October 2013.
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DISCUSSION

Overall, in 2012, countries and areas of the Western 
Pacific Region reported 1.4 million TB cases (all 
forms) and a case notification rate of 75 per 100 000 
population, a level similar to the past several years.

the treatment success rate was highest in China (96%), 
followed by Cambodia (94%), Viet Nam (93%), the 
Lao People’s Democratic Republic (92%), the Philippines 
(90%) and Mongolia (85%). The treatment success 
rate of Papua New Guinea was the lowest at 69%, 
with approximately a quarter of the 2011 cohort either 
defaulted or not evaluated.

TB/HIV co-infection and collaborative activities

There has been some progress in reporting of information 
on TB/HIV co-infection and collaborative activities in 
the last several years. Figure 6 summarizes four basic 
indicators (HIV testing, HIV positivity rate, co-trimoxazole 
preventive therapy [CPT] coverage and antiretroviral 
therapy [ART] coverage) for the seven countries with 
a high burden of TB. Cambodia reported the most 
comprehensive data completeness and programmatic 
progress. The coverage of HIV testing, CPT and 
ART progressively increased with a steady decrease in 
the proportion of HIV-positive individuals among TB 
patients.

Figure 2. TB case notification rate (all forms and new 
smear-positive) per 100 000 population in 
the Western Pacific Region, 2000–2012
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Figure 3.  Age- and sex-specific notification rates (per 100 000 population) of new smear-positive TB cases in 
seven countries and the Western Pacific Region total with a high burden of TB, 2012
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Figure 4.  Trend of age- and sex-specific notification rates (per 100 000 population) of new smear-positive TB cases 
in seven countries and the Western Pacific Region total with a high burden of TB, 2000–2012
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In any country where a rapid demographic change 
is under way, overall notification rates may not reflect a 
true disease trend in the communities. For instance, an 
overall case notification trend may appear to be stable 
because decreasing incidences can be cancelled out by 
a rapidly increasing proportion of an older population. 
For this reason, the examination of age- and sex- specific 
case notification rates is more informative and provides 
insights for understanding the underlying epidemiological 
process in a given setting.

The typical pattern of linear increase of notification 
towards the older populations (such as shown in some 
countries in Figure 3) has been explained as a widely 
observed phenomena under a stable TB control situation,9 
reflecting a high annual risk of TB infection in the past 
when the older population was young. Atypical patterns 
shown for Papua New Guinea and Mongolia, particularly 
relatively high notification rates among young and 
female groups, warrant further investigation. Time trend 
analysis for age- and sex- notification rates (Figure 4) is 
useful to detect any specific subgroups among which TB 
transmission and/or disease progression is particularly 
active.

It has been known that the rapid increase in case 
notification between 2002 and 2007 was due to several 
positive programmatic developments in many countries 
in the Region such as completion and consolidation of the 
WHO directly observed treatment, short-course strategy 
expansion; improvement in case reporting, including 
electronic reporting systems; and efforts to engage all 
health-care providers.7 Particularly, renewal of infectious 
disease-related legislation and the establishment of 
an Internet-based disease notification system in China 
made a substantial contribution to the progress.8

Although case notification for all forms of TB 
appears to have been flat since 2007, it is important 
to note that the new smear-positive case notification 
rates demonstrate a clear declining trend (Figure 2). 
A possible interpretation is that the true TB incidence 
has been declining while overall case detection has 
been static because intensified programmatic efforts by 
national TB programmes for early and increased case 
detection include smear-negative and extrapulmonary 
TB. The latest WHO estimates support this explanation, 
with estimated incidence rates showing a consistent, 
rapidly declining trend (Figure 7).1 

Figure 5. Trend of treatment outcome expressed as a proportion among new pulmonary smear-positive cases in 
the Western Pacific Region, 2000–2011
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Figure 6. Progress in TB/HIV activities in seven countries in the Western Pacific Region with a high burden of TB, 
2005–2012
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this would include all known cases in the country; in 
practice the proportion of cases diagnosed outside of the 
TB programme and included in national reporting varies 
depending on the legal framework in the country. The 
WHO TB Impact Measurement Task Force recommends 
that countries continuously improve surveillance systems 
until reported cases can be considered a reliable proxy 
for incidence.11 A careful assessment is needed of 
programmatic progress in the country and the quality of 
surveillance data when interpreting these findings.

TB surveillance continues to be an important 
source of information for assessing the situation and 
measuring the progress for decision-making. The WHO 
Regional Office for the Western Pacific will continue to 
conduct regional analysis on various topics related to 
TB epidemiology and programmatic progress, as well as 
provide support to countries to conduct epidemiological 
and programmatic assessment at national and 
subnational levels.
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One of the critical shortcomings of these analyses 
is a gross lack of morbidity information among small 
children because the data are limited to smear-positive 
cases only. Since the 2006 revision of WHO recording 
and reporting forms,10 the number of countries reporting 
age- and sex-disaggregated data for smear-negative 
and extrapulmonary cases has been increasing and will 
enable a better assessment of the TB burden among 
children in future analysis.

HIV infection fuels the TB epidemic, particularly 
in countries and areas with a high burden of TB. 
The overall percentage of TB patients tested for 
HIV in the Region still remains low. However, the 
figure has substantially increased in the last several 
years, particularly in Cambodia, Viet Nam and the 
Lao People’s Democratic Republic. Essential services 
such as co-trimoxazole prophylaxis and isoniazid 
preventive therapy have also expanded in many countries 
in the Region.

This report provides a snapshot of the 
epidemiological and programmatic situation of TB in 
the Western Pacific Region based on case notification 
data in 2012. As for any disease surveillance system, 
the analysis of surveillance data has inherent limitations. 
TB surveillance covers populations served by care 
providers linked with the national TB programme. Ideally 

Figure 7. TB case notification rate, estimated incidence, prevalence and mortality per 100 000 population in the 
Western Pacific Region, 1990–2012

Note: Shaded parts represent uncertainty bands.
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