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Summary
Introduction The World Health Organisation recommends that healthcare workers (HCWs) are immune to measles
and rubella, and those at risk of exposure are offered the hepatitis B vaccine. No formal programme for occupational
assessment and provision of vaccinations to HCWs currently exists in Timor-Leste.

Methods A cross-sectional study was undertaken to determine the seroprevalence of hepatitis B, measles and rubella
among HCWs in Dili, Timor-Leste. All patient-facing employees at three healthcare institutions during April–June
2021 were invited to participate. Epidemiological data were collected by interview-questionnaire and a serum
sample was collected by phlebotomy and analysed at the National Health Laboratory. Participants were contacted
to discuss their results. Relevant vaccines were offered to seronegative individuals and those with active hepatitis
B infection were referred for further assessment and management in a hepatology clinic as per national guidelines.

Results Three-hundred-and-twenty-four HCWs were included (representing 51.3% of all eligible HCWs working at
the three participating institutions). Sixteen (4.9%; 95% CI: 2.8–7.9%) had active hepatitis B infection, 121 (37.3%;
95% CI: 32.1–42.9%) had evidence of previous (cleared) hepatitis B infection, 134 (41.4%; 95% CI: 35.9–46.9%) were
hepatitis B seronegative, and 53 (16.4%; 95% CI: 12.5–20.8%) had been vaccinated. Two-hundred-and-sixty-seven
(82.4%; 95% CI: 77.8–86.4%) and 306 (94.4%; 95% CI: 91.4–96.7%) individuals exhibited antibodies to measles
and rubella, respectively.

Interpretation There are significant immunity gaps and a high prevalence of hepatitis B infection among HCWs in
Dili Municipality, Timor-Leste. Routine occupational assessment and targeted vaccination of this group would be
beneficial and should include all types of HCWs. This study provided an opportunity to develop a programme for
the occupational assessment and vaccination of HCWs and forms the template for a national guideline.
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Research in context

Evidence before this study
To identify seroepidemiological studies of vaccine-preventable
diseases (VPDs) in Timor-Leste, Pubmed was searched on 1st
October 2022 with the terms ((“vaccin*” [title/abstract]) OR
(“hepatitis B” [title/abstract]) OR (“measles” [title/abstract])
OR (“rubella” [title/abstract])) AND “Timor-Leste”. One single-
centre cross-sectional study was published in 2015, which
found that 2.8% of women accessing antenatal care were
hepatitis B surface antigen positive. No studies including
healthcare workers (HCWs) were identified.

Added value of this study
This is the first study to estimate the seroprevalence of
hepatitis B, measles and rubella among HCWs in Timor-Leste.

Out of 324 participants, 16 (4.9%; 95% CI: 2.8–7.9%) had
active hepatitis B infection, 121 (37.3%; 95% CI: 32.1–42.9%)
had evidence of previous (cleared) hepatitis B infection, and
134 (41.4%; 95% CI: 35.9–46.9%) were hepatitis B
seronegative (i.e. susceptible). Immunity gaps to measles and
rubella were also identified. Overall, 171 (52.8%; 95% CI:
47.2–58.3%) HCWs were eligible for either hepatitis B and/or
measles-rubella vaccination and at the time of writing there
was high uptake of first doses.

Implications of all the available evidence
HCWs in Timor-Leste are at risk of VPDs. Occupational
assessment and provision of vaccines is feasible and should be
implemented in this setting.
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Introduction
Healthcare workers (HCWs) are at a higher risk of
certain infectious diseases including vaccine-
preventable diseases (VPDs). The World Health Orga-
nisation (WHO) recommends that all HCWs should be
immune to measles and rubella, and those at risk of
blood exposure should be offered hepatitis B vaccine.
These vaccines provide protective immunity and there-
fore also reduce the risk of onward transmission from
HCWs to patients or other HCWs.1–3

Timor-Leste is a nation located between Australia
and Indonesia which regained independence from
Indonesia in 2002. There are approximately 7000
HCWs, with almost 50% working within Dili Munici-
pality, including the capital city (Dili, popula-
tion = 222,000).4 While some HCWs have sporadically
received vaccines during government-sponsored over-
seas training programmes, there is currently no formal
programme for occupational assessment of HCWs or
healthcare students working or training in Timor-Leste.
Despite this, HCWs were assigned the highest priority
for vaccination against severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) and a programme of
vaccine delivery in hospitals and other healthcare facil-
ities between April–June 2021 resulted in high uptake.5,6

This study aimed to determine the seroprevalence of
hepatitis B, measles and rubella among HCWs in Dili,
Timor-Leste, and to assess the feasibility of providing
occupational assessment and vaccines for these in-
fections in this setting.
Methods
Participant recruitment
HCWs were recruited during a parallel project investi-
gating SARS-CoV-2 seroprevalence, between April and
June 2021.5 All HCWs working in patient-facing and/or
clinical sample-processing roles at the referral hospital in
Dili (Hospital Nacional Guido Valadares, HNGV), the
national health laboratory in Dili (Laboratório Nacional de
Saúde, LNS), and the regional ambulance service in Dili
(Servico Nacional Ambulancia e Emergencia Medica,
SNAEM) were eligible.
Sample analysis
Samples were analysed at LNS for rubella IgG (quanti-
tative, positive if >10 IU/mL) hepatitis B surface antigen
(HBsAg, qualitative), hepatitis B core total (IgG and
IgM) antibody (HBcAb, qualitative) and hepatitis B
surface antibody (HBsAb, positive if >10 mIU/mL) us-
ing Ortho Clinic Diagnostics® chemiluminescent as-
says on the Vitros ECiQ® platform, and for measles
IgG using the Eurimmun® ELISA assay (semi-quanti-
tative, positive if >250 IU/L). Samples which were pos-
itive for HBsAg were forwarded for hepatitis B envelope
antigen (HBeAg, qualitative) and hepatitis B envelope
antibody (HBeAb, qualitative) testing using Ortho Clinic
Diagnostics chemiluminescent assays on the Vitros
ECiQ platform, and hepatitis B viral load (HBVL,
quantitative) using the Cepheid® assay on the gen-
eXpert platform. All testing was carried out according to
manufacturers’ instructions and cited serological cut-off
values. Samples with borderline/indeterminate results
were repeated one time and the second result was used
for analysis. The sample was assigned negative when
the second result was also borderline/indeterminate.
Analysis
Demographic data, clinical data and self-reported vac-
cine status were collected using a bespoke structured
interview-questionnaire. This was not formally validated
but was piloted on HCWs within the research team
prior to being finalised. A serum sample was collected
www.thelancet.com Vol 13 June, 2023
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by phlebotomy. Participants were categorised as being
seropositive or seronegative to measles and rubella.
They were categorised as either having active hepatitis B
(HBsAg and HBcAb positive), having evidence of pre-
vious (cleared) hepatitis B (HBcAb positive but HBsAg
negative), being hepatitis B seronegative (HBcAb,
HBsAb and HBsAg negative) or having evidence of
hepatitis B vaccination (HBsAb positive but HBcAb and
HBsAg negative). Percentage seropositivity was deter-
mined for each VPD and compared across demographic
(age group, gender, occupation), clinical (history of
infection), and vaccine-related (history of vaccination)
variables. Fisher’s exact test was used to assess associ-
ations between hepatitis B surface antigen, measles and
rubella seropositivity and categorical outcomes. Where
association between occupation and seroprevalence was
observed, its independence was assessed using multi-
variable binary logistic regression which included age
and gender as a priori confounders. Stata version 17
(StataCorp, College Station, USA) was used for all sta-
tistical analyses. Results were considered significant if
p < 0.05.
Participant follow-up
Participants were contacted by telephone to discuss their
results and were managed according to standard-
operating procedures which were developed with input
from local and international members of the research
team with expertise in laboratory analysis, vaccines, and
the management of infectious diseases including hepa-
titis B. Those who were determined to be measles and/or
rubella seronegative (or whose serology remained
borderline/indeterminate after repeat testing) were
offered two doses of MR vaccine (Measles and Rubella
Vaccine, Live, Attenuated, Serum Institute of India, PVT,
Ltd), with the second dose being given at least 28 days
after the first. Those who were hepatitis B seronegative
were offered three doses of hepatitis B vaccine (Hepatitis
B Vaccine (rDNA), Adult, Serum Institute of India, PVT,
Ltd), with the second and third doses being given 28 days
and 6 months after the first dose, respectively. Those
diagnosed with active hepatitis B infection were referred
to a hepatology clinic in Dili for clinical assessment,
which included biochemical and radiological assessment
of liver function and consideration of antiviral treatment
in-line with international clinical guidelines.7 They were
also assessed for occupational risk, with advice to abstain
from exposure-prone procedures if applicable. Vaccines
were procured internationally using study funds and
were delivered by local research nurses in a bespoke
study clinic.
Ethical considerations
This study received ethical approval from the Research
Ethics and Technical Committee of the Instituto
www.thelancet.com Vol 13 June, 2023
Nacional da Saude, Timor-Leste (Reference: 265/MS-
INS/DE/III/2021) and the Human Research Ethics
Committee of the Northern Territory Department of
Health and Menzies School of Health Research,
Australia (Reference: 2020–3925). All participants pro-
vided informed written consent. Participants were
assigned a study ID number at enrolment which was
used to de-identify all samples and data. Personally
identifiable information (name, date-of-birth and contact
details) were collected separately and stored in a master
study file in a secure filing cabinet (alongside consent
forms). Once available, de-identified results were sent
electronically to one of only two researchers with access
to the study master file. These individuals re-identified
the results and managed all participant follow-up activ-
ities. When referral for vaccination and/or assessment
in the hepatology clinic was required, a referral was only
made if the participant gave explicit verbal permission
for this to occur (via telephone or face-to-face).
Role of funding source
None.
Results
A total of 324 HCWs participated in the study, with 263
participants (81.2%) working at HNGV, 30 (9.2%)
working at LNS and 31 (9.6%) working at SNAEM. This
represented 51.3% of all eligible HCWs registered as
working at the three participating institutions. One-
hundred-and-one (31.2%) were nurses, 64 (19.8%)
cleaners, 51 (15.7%) doctors, 37 (11.4%) laboratory sci-
entists, 18 (5.6%) midwives, and 13 (4.0%) ambulance
staff. Forty (12.3%) were classified as miscellaneous
healthcare staff which included administrative staff (16),
assistants (8), students (8), physiotherapists (4), nutri-
tionists (2), a safety officer (1) and a driver (1). One-
hundred-and-ninety-one (59.0%) were female and the
median age was 29 years (interquartile range (IQR)
34–43 years). Table 1 shows VPD serostatus across
different groups of individuals. Demographic data for
HCWs who did not participate was unavailable. As such,
this group could not be compared to participants in
order to assess for potential sampling bias.
Hepatitis B seroprevalence
Serology showed that 16 (4.9%; 95% CI: 2.8–7.9%)
participants had active hepatitis B infection, 121 (37.3%;
95% CI: 32.1–42.9%) had evidence of previous (cleared)
hepatitis B infection, 134 (41.4%; 95% CI: 35.9–46.9%)
were hepatitis B seronegative, and 53 (16.4%; 95% CI:
12.5–20.8%) had evidence of vaccination. No statistically
significant association between active hepatitis B and
any measured demographic variable, such as age or
occupation, was observed.
3
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Hepatitis B status Measles IgG positivea Rubella IgG positiveb Total

Active No active infection pc,d pc pc

Previous Susceptible Vaccinated

Gender

Female 6 3.1% 64 33.5% 88 46.1% 33 17.3% 155 81.2% 178 93.2% 191

Male 10 7.5% 57 42.9% 46 34.6% 20 15.0% 0.115 112 84.2% 0.554 128 96.2% 0.326 133

Age Group (years)

17–30e 6 5.5% 29 26.4% 65 59.1% 10 9.1% 73 66.4% 104 94.5% 110

31–40 6 5.1% 45 38.5% 38 32.5% 28 23.9% 100 85.5% 107 91.5% 117

41–50 4 6.8% 23 39.0% 23 39.0% 9 15.3% 57 96.6% 57 96.6% 59

>50 0 0.0% 24 63.2% 8 21.1% 6 15.8% 0.492 37 97.4% <0.001 38 100.0% 0.211 38

Occupation

Ambulance staff 0 0.0% 5 38.5% 7 53.8% 1 7.7% 13 100.0% 12 92.3% 13

Cleaner 6 9.4% 22 34.4% 33 51.6% 3 4.7% 55 85.9% 63 98.4% 64

Doctor 2 3.9% 19 37.3% 10 19.6% 20 39.2% 47 92.2% 48 94.1% 51

Laboratory scientist 1 2.7% 10 27.0% 13 35.1% 13 35.1% 29 78.4% 35 94.6% 37

Midwife 0 0.0% 8 44.4% 6 33.3% 4 22.2% 13 72.2% 16 88.9% 18

Nursee 3 3.0% 46 45.5% 42 41.6% 10 9.9% 85 84.2% 94 93.1% 101

Other 4 9.8% 11 27.5% 23 57.5% 2 5.0% 0.361 25 62.5% 0.005 38 95.0% 0.567 40

History of vaccination

Yes 3 3.5% 29 33.7% 21 24.4% 33 38.4% 36 75.0% 19 100.0% -

No/DK 13 5.5% 92 38.7% 113 47.5% 20 8.4% 0.574 231 83.7% 0.153 287 94.1% 0.612 -

History of infection

Yes 5 71.4% 1 14.3% 1 14.3% 0 0.0% 56 90.3% 0 0.0% -

No/DK 11 3.5% 120 37.9% 133 42.0% 53 16.7% <0.001 211 80.5% 0.093 306 94.4% -

Total 16 4.9% 121 37.3% 134 41.4% 53 16.4% 267 82.4% 306 94.4% 324

DK = Don’t know, IgG = Immunoglobulin G. Bold indicates statistical significant value. aAssigned measles IgG positive if >250 IU/L. bAssigned rubella IgG positive if >10 IU/mL. cFisher’s exact test was used to assess associations between VPD
seropositivity and other categorical variables. dHepatitis B serostatus was treated as a binary variable (level 1 = active hepatitis B infection, level 2 = all other categories). eReference for variables with multiple categories.

Table 1: Vaccine preventable disease (VPD) serostatus among healthcare workers of differing gender, age-group, occupation and self-reported vaccination and infection status.
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Participant HBsAg HBcAb HBsAb HBeAg HBeAb HBVL (IU/ml) Serum AST
(normal range:
14–36 U/L)

Liver USS Clinical management/outcome

1 + + – – + ND 33 Normal Active monitoring

2 + + – – + 45

3 + + – + – 5,950,000 61 Nodular mass Died of HCC

4 + + – – + 596

5 + + – – + 102 18 Normal Active monitoring

6 + + – – + 5410 40 Normal Active monitoring

7 + + – – + 544 39 Normal Active monitoring

8 + + – – + 37 24 Normal Active monitoring

9 + + – – + <10

10 + + – – + 994 25 Normal Active monitoring

11 + + – – + 2050

12 + + – + – >1,000,000,000 64 Increased echogenicity Started TDF 300 mg OD

13 + + – + – 96,800

14 + + – – + <10

15 + + – – + <10

16 + + – + – IS

HBsAg = hepatitis B surface antigen, HBcAb = hepatitis B core antibody, HBsAb = hepatitis B surface antibody, HBeAg = hepatitis B envelope antigen, HBeAb = hepatitis B envelope antibody,
HBVL = hepatitis B viral load, ALT = alanine aminotransferase, USS = ultrasound scan, ND = not detected, HCC = hepatocellular carcinoma, TDF = tenofovir disoproxil fumarate, OD = once daily,
IS = insufficient sample.

Table 2: Laboratory and clinical features of healthcare workers with active hepatitis B.

Articles
Of those who had active hepatitis B infection, 11/16
(68.8%) did not report a diagnosis prior to this study. Of
the 16 people with active hepatitis B infection, 4 (25.0%)
were HBeAg positive (and HBeAb negative), and 12
(75.0%) were HBeAg negative (and HBeAb positive).
Fifteen out of 16 individuals underwent HBVL testing
(with one individual’s sample being of insufficient vol-
ume for this test). The median HBVL in copies/mL
(range) was 570 (<10 to >1 × 109). In 8/15 (53.3%) cases
HBVL was >200 IU/mL (the threshold which would
prohibit participation in exposure prone procedures ac-
cording to international guidelines for HCWs8,9), and in
5/15 (33.3%) cases HBVL was >2000 IU/mL (a treat-
ment threshold in international guidelines7). At the time
of writing, as shown in Table 2, 8/16 (50.0%) had
attended hepatology clinic for review; 4/8 (50.0%) had
biochemical evidence of liver inflammation; and 2/8
(25.0%) were assessed as requiring treatment based on
elevated viral load (>2000 IU/mL). Of those recom-
mended treatment, one was started on antiviral therapy
(tenofovir disoproxil fumarate 300 mg once daily) and
the other refused treatment, opting instead for active
follow-up and re-consideration of treatment in six
months. One participant had developed hepatocellular
carcinoma as a complication of their hepatitis B infec-
tion and died shortly after review.
Measles seroprevalence
Two-hundred-and-sixty-seven (82.4%; 95% CI:
77.8–86.4%) individuals were measles seropositive.
Univariate analysis showed that increasing age was
www.thelancet.com Vol 13 June, 2023
associated with measles seropositivity, with seroposi-
tivity increasing from 66.4% among 17–30-year-olds to
97.4% among people aged over 50 years. Point measles
prevalence varied by occupation ranging from 62.5% of
health care workers with ‘Other’ occupations to 100% of
ambulance staff. On multivariable analysis including
age group, gender and occupation, age group remained
significantly associated with seropositivity (OR = 2.909
[95% CI: 1.858–4.555], p < 0.001). Additionally, those
with occupation ‘other’ (OR = 0.355 [95% CI:
0.144–0.874], p = 0.024), were significantly less likely to
be seropositive than nurses (the reference category).
Rubella seroprevalence
Three-hundred-and-six (94.4%; 95% CI: 91.4–96.7%)
individuals were rubella seropositive. Of the 18 (5.6%)
individuals who were rubella seronegative, 10 (55.6%)
were female whose median (IQR) age in years was 33
(31–37). No statistically significant association between
rubella seropositivity and any measured demographic
variable, nor measles seropositivity, was observed.
Provision of vaccines
Overall, 171 participants were eligible to receive one or
more vaccine types. One-hundred-and-thirty-four par-
ticipants were eligible to receive a course of hepatitis B
vaccination. Uptake of first dose of hepatitis B vaccine
was 72.4%, ranging from 67.3% at HNGV to 100.0% at
LNS and SNAEM. Fifty-seven participants were eligible
to receive a course of MR vaccine. Uptake of first dose of
MR vaccine was 63.2%, ranging from 56.8% at HNGV
5

www.thelancet.com/digital-health


Hospital Nacional
Guido Valadares

Laboratório
Nacional de
Saúde

Servico Nacional
Ambulancia e
Emergencia Medica

Total

Eligible to receive hepatitis B vaccination 113 8 13 134

Not yet received any doses 37 (32.7%) 0 (0.0%) 0 (0.0%) 37 (27.6%)

Received first dose 76 (67.3%) 8 (100.0%) 13 (100.0%) 97 (72.4%)

Received second dose 62 (54.9) 7 (87.5%) 12 (92.3%) 81 (60.4%)

Received third dose 48 (42.5) 7 (87.5%) 8 (61.5%) 63 (47.0%)

Eligible to receive measles and/or rubella vaccination 44 8 5 57

Not yet received any doses 19 (43.2%) 2 (25.0%) 0 (0.0%) 21 (36.8%)

Received first dose 25 (56.8%) 6 (75.0%) 5 (100.0%) 36 (63.2%)

Received second dose 20 (45.5%) 6 (75.0%) 3 (60.0%) 29 (50.9%)

Table 3: Participants eligible for vaccination and doses received (at the time of writing).
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to 100.0% at SNAEM. Numbers of participants who
received subsequent doses (which are still ongoing at
the time of writing) are shown in Table 3.
Discussion
This is the first study to estimate the seroprevalence of
VPDs among HCWs in Dili, Timor-Leste. Sixteen
(4.9%) individuals were found to have active hepatitis B,
including two who required treatment and another who
suffered a fatal complication of their hepatitis B infec-
tion. There was a high prevalence of previous (cleared)
hepatitis B (37.3%) and only a minority had evidence of
vaccination (16.4%). One-hundred-and-thirty-four
(41.4%) were susceptible, most of whom (72.4%) initi-
ated a course of hepatitis B vaccination as part of this
study. Although there are not yet any population-
representative studies in Timor-Leste, hepatitis B is
recognised as a significant health issue and likely causes
most chronic liver disease and hepatocellular carcinoma
in the country. These sequalae are likely to have resulted
from hepatitis B transmission occurring at birth in
many individuals. Birth dose hepatitis B vaccine was
introduced in Timor-Leste in 2016. Prevalence of active
infection is similar to other studies which have assessed
HCWs in the Southeast Asian region, including
Indonesia,10 Thailand,11 Vietnam,12 and Laos.13,14 A
nationwide population-representative VPD serosurvey
has been initiated and will provide accurate, high-
resolution estimates of HBcAb and HBsAb seroposi-
tivity in Timor-Leste.15

Measles seroprevalence was 82.4%, below what is
required to prevent outbreaks through herd immunity.16

Thirty-six out of 57 (63.2%) eligible individuals initiated
a course of MR vaccination. An association of age with
measles seropositivity is consistent with many other
settings and likely represents natural infection-derived
seropositivity among older participants who were
infected when measles was endemic and before the
implementation of the measles vaccine. In Timor-Leste,
this was relatively late (circa 1989, during Indonesian
occupation). Additionally, there was significant disrup-
tion of healthcare infrastructure, including the near
cessation of childhood vaccine delivery between 1999
and 2002. These factors are likely to have adversely
affected population immunity to measles. After inde-
pendence was regained in 2002, single-dose measles
vaccine was reinstated as part of a national vaccination
programme, and combined measles and rubella vacci-
nation (2 doses) was introduced in 2016.17 While Timor-
Leste was declared by the WHO in 2018 to have
eliminated endemic measles transmission, there is a
global risk of measles resurgence, emphasising the need
to assess and address population immunity gaps,
including via the national population-representative
VPD serosurvey currently underway.

Limitations of this study include its relatively small,
convenience sample from three healthcare institutions
in one municipality, potentially reducing the general-
isability of our findings. It is possible that access/uptake
of vaccination among HCWs has been higher in Dili
than the rest of Timor-Leste, because healthcare infra-
structure is relatively developed and there has been
more consistent access to medicines. Similarly, occu-
pational exposure of HCWs to pathogens may be
reduced because personal protective equipment is more
readily available. Serological assays for VPDs are not
100% accurate in determining individual immunity to
pathogens. While antibody concentrations associated
with protective immunity are reasonably well defined for
HBsAb and rubella IgG, a reliable correlate of protection
is not well defined for measles.18 Furthermore, in cases
where vaccination (or natural infection) occurred a long
time ago, the concentration of antibodies can wane close
to assay limits of quantification. A previous study
showed wide variation in the performance of different
rubella IgG assays in this situation.19

During this study, local researchers developed stan-
dard operating procedures for engaging HCWs, collec-
tion of samples by phlebotomy, serological analysis, and
the provision of vaccines. Strict protocols were
developed to maintain participant confidentiality. A
www.thelancet.com Vol 13 June, 2023
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programme of occupational assessment was developed
and implemented across three institutions, forming a
template for a national guideline on this topic. While
HCWs broadly supported this programme, there were
some anecdotal concerns around hepatitis B testing,
confidentiality, and the potential for diagnoses to lead to
restrictions on working conditions (for example for
those who undertake exposure prone procedures). Up-
take of first doses of vaccines was less than 100%, and
was lower at HNGV (which was the biggest participating
institution and has higher staff turnover). Uptake may
be improved by taking a universal approach, as opposed
to targeted delivery using pre-assessment with serolog-
ical testing (as was achieved in this study). These issues
should be explored further using qualitative methods
during the design and implementation of a national
guideline, to ensure that there is ultimately high uptake
among HCWs in Timor-Leste.

This study identified significant immunity gaps and
a high prevalence of hepatitis B infection among HCWs
in Dili Municipality, Timor-Leste. Occupational assess-
ment and provision of vaccines to HCWs is feasible and
should be implemented in this setting.
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