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Cervical cancer, which is caused by persistent 
human papillomavirus (HPV) infection usually 
by oncogenic/high-risk HPV type(s), is the fourth 

leading cause of cancer mortality among women 
globally, with an estimated 570 000 new cases and 
311 000 deaths in 2018.1 The majority of these cases 
occur in low- and middle-income countries (LMICs), 
primarily due to the low uptake of HPV vaccination, 

lack of robust HPV screening programmes and limited 
treatment options.2 In response to the global public 
health burden, in 2020, the World Health Organization 
(WHO) set a threshold of four cervical cancer cases 
per 100 000 women for the elimination of cervical 
cancer as a public health problem and launched the 
90-70-90 targets, aiming to fully immunize 90% of 
girls against HPV by 15 years of age, screen 70% of 

a Pasteur Institute of Ho Chi Minh City, Ho Chi Minh City, Viet Nam.
b Department of Infectious Disease Epidemiology, London School of Hygiene and Tropical Medicine, London, United Kingdom. 
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Objective: Female sex workers (FSWs) are at high risk of human papillomavirus (HPV) infections and cervical cancer due to 
their high number of sexual partners. The objectives of this study were to determine the prevalence of HPV and identify risk 
factors for high-risk HPV infection among FSWs in Hanoi and Ho Chi Minh City (HCMC), Viet Nam.

Methods: A cross-sectional study was conducted in Hanoi and HCMC between December 2017 and May 2018. We 
surveyed and screened 699 FSWs aged ≥18 years for HPV infection and abnormal cytology. A multivariable modified Cox 
regression model was used to determine risk factors for high-risk HPV infection.

Results: The overall prevalence of any HPV, high-risk HPV and HPV-16/18 infection in the 699 FSWs was 26.3%, 17.6% 
and 4.0%, respectively, and were similar in both cities. Multiple infections were identified in 127 participants (69.0%). 
HPV-52 was the most prevalent (7%), followed by HPV-58 (6%). Abnormal cytology was detected in 91 participants 
(13.0%). FSWs who are divorced (adjusted prevalence ratio [aPR]: 1.96, 95% confidence interval [CI]: 1.01–3.81), 
widowed (aPR: 3.26, 95% CI: 1.49–7.12) or living alone (aPR: 1.85, 95% CI: 1.01–3.39) were associated with a higher 
prevalence of high-risk HPV infection.

Discussion: Almost one in five FSWs in Viet Nam are infected with high-risk HPV. This highlights the importance of 
prevention strategies such as HPV vaccination and screening in this high-risk group.
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METHODS

Study design

This cross-sectional study was conducted in collaboration 
with the HIV/AIDS Centres of Hanoi and HCMC and dis-
trict health facilities. The study population were women 
aged 18–50 years old of Vietnamese nationality in Hanoi 
and HCMC who have been engaging in transactional 
sex (sex in exchange for money, goods or drugs) in the 
month prior to the study. Sample size calculation based 
on HPV prevalence of 70%, a desired precision of 5%, 
and a design effect of 2 to address the increase in the 
variance derived from the cluster design of this survey, 
determined that 646 FSWs were required to obtain 80% 
power with a two-sided 5% significance level. A target 
of 700 (350 FSWs per site) was recruited to allow for 
5–10% participant refusal and invalid sample results.

We used a two-stage recruitment strategy. First, 
four out of 30 administrative districts in Hanoi and five 
out of 24 administrative districts in HCMC were purpo-
sively selected based on the mapping of FSW venues, 
the FSW population size overseen by the Provincial AIDS 
Centres, and the participation in HIV sentinel surveillance 
among FSWs. Within the selected districts, 212 active 
venues for transactional sex in Hanoi (estimated range of 
FSWs: 580–1330) and 516 venues in HCMC (estimated 
range of FSWs: 2700–4800) were identified. Sex work 
locations included: (i) street-based venues, for example, 
streets, parks, and other open public places such as 
under bridges; and (ii) entertainment-based venues, for 
example, cafes, restaurants, hotels, motels, nightclubs, 
karaoke lounges, sauna/massage parlours and billiards 
clubs. 

Second, a sampling framework based on the es-
timated number of FSWs obtained during the mapping 
exercise was created for the venue-based FSWs. The 
target subsample sizes for each selected district were 
proportional to the estimated population size of FSWs, 
and venues for recruitment were randomly sampled until 
the sample size was reached. All street-based or enter-
tainment-based FSWs seen at each venue were invited to 
participate in the study. Visit timing varied across venue 
types, from daytime for entertainment-based FSWs to 
night-time for street-based FSWs. Women who were 
menstruating at enrolment were advised to return and 

women for cervical cancer by 35 years of age and 
treat 90% of those diagnosed.3 However, the ongoing 
global pandemic of coronavirus disease of 20194 has 
presented challenges to countries in implementing this 
strategy.

In Viet Nam, cervical cancer is the second most 
common cancer in women, affecting more than 9000 
women from 2016–2017, of whom more than 40% 
died.5 This is most likely an underestimation due to 
underreporting of cases in rural Viet Nam.1 In 2016, 
the Viet Nam Ministry of Health (MOH) and partners 
launched the National Action Plan on Prevention and 
Control of Cervical Cancer 2016–2025, which aims to 
provide HPV vaccination to 25% of all girls and women, 
to provide cervical cancer screening to 60% of women 
aged 30–54 years, to increase early diagnosis of cervi-
cal cancer by 40% and to reduce premature cervical 
cancer mortality by 20% by 2025.6,7 These targets have 
since been deemed unrealistic due to the limited results 
of cervical cancer prevention and control programmes 
since the strategic plan was disseminated.8

HPV is one of the most common sexually transmit-
ted infections (STIs) worldwide,9 with high-risk sexual 
behaviour being the leading risk factor for infection 
and subsequent cervical cancer. This includes having 
multiple sexual partners, early initial sexual intercourse 
and a compromised immune system.10,11 Female sex 
workers (FSWs) are at high risk of HPV infection due 
to their having multiple sexual partners. It is also com-
mon for them to harbour multiple HPV genotypes and 
cervical cytological abnormalities.12,13 Previous studies 
in southern and northern Viet Nam found very high HPV 
prevalence among FSWs (49.5–85%), with the major-
ity (up to 90%) being high-risk HPV types.13,14 It was 
estimated that there are more than 10 000 FSWs in Ho 
Chi Minh City (HCMC) alone, with the actual numbers 
to be higher due to challenges in capturing this hard-to-
reach population.15 Targeting this high-risk group will 
be important in reducing the cervical cancer burden in 
Viet Nam.

The objective of this study was to determine the 
prevalence of HPV and identify risk factors for high-risk 
HPV infection among FSWs in Hanoi and HCMC. The 
findings from this study are expected to inform the Viet 
Nam MOH on cervical cancer prevention strategies.
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one senior cytologist examined the Pap smears with as-
sistance from the ThinPrep imaging system.

HPV detection and genotyping

HPV detection and genotyping were performed in two 
steps. First, nucleic acid extraction was performed using 
the cador Pathogen 96 QIAcube HT Kit (QIAGEN, Hilden, 
Germany) on an automated platform followed by ampli-
fication with PGMY9/11 system by polymerase chain 
reaction (PCR).17 Positive PCR samples were genotyped 
using GenoFlow HPV Array test kit (Diagcor Bioscience, 
Hong Kong Special Administrative Region [China]), which 
identified 33 HPV types (17 high-risk types: 16, 18, 31, 
33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66/68, 73, 82; 
16 low-risk types: 6, 11, 40/61, 42, 43/44, 54/55, 70, 
57/71, 72, 81, 84/26). Human leukocyte antigen (HLA) 
and beta-globulin genes were used as internal controls 
for the PGMY9/11 PCR and Geneflow kit, respectively. 
Samples negative for the HLA gene were considered in-
valid and were not included in the analysis. HPV LabNet 
was used to validate HPV detection and genotyping using 
40 study samples from each site: approximately 90% 
agreement was achieved between the laboratories, as 
previously reported.18

Statistical analysis

We analysed participants’ socio-demographic character-
istics and compared FSWs in Hanoi and HCMC using the 
chi-square test or Fisher’s exact test for categorical vari-
ables and Student’s t-test or the Mann-Whitney U test for 
continuous variables where appropriate. The prevalence 
of HPV was unweighted due to the lack of reliable data 
on size estimates and characteristics of the FSW popula-
tion in both cities. The exact binomial Clopper-Pearson 
method was used to estimate 95% confidence intervals 
(CI) of HPV infection. 

HPV types were categorized into high-risk and low-
risk, and modified Cox regression analysis was performed 
to determine factors associated with high-risk HPV 
infection. The multivariable model included known risk 
factors for high-risk HPV positivity (for example, smok-
ing), variables with P<0.25 in the bivariate regression 
models and variables with the Wald statistic of P>0.10 
in reduced models. We compared nested models using 
the likelihood ratio test. We explored co-linearity (for ex-
ample, between ages at enrolment and sexual debut) and 

resume their participation after their period had ended. 
A participant information sheet was provided and written 
informed consent obtained from all participants.

Demographic and behavioural data collection

The survey questionnaire included socio-demographic 
characteristics, smoking, alcohol and/or drug use, 
sexual behaviours (such as age of sexual debut, sexual 
acts and sexual partners), menstrual cycle, presence of 
vaginal bleeding after sex and history of pregnancy. In 
order to ensure participants’ confidentiality and safety, 
face-to-face interviews were conducted in a private room 
at the district health centres. No identifying information 
(for example, identity card numbers or addresses) was 
collected. Late in the study period, sex work-related 
questions, that is the number of years selling sex and 
the number of clients in the last month, were added 
to the survey questionnaire. Each interview lasted ap-
proximately 30 minutes. The participants received  
80 000 Vietnamese Dongs, approximately US$4, for 
their participation in this study. 

Clinical examination, specimen collection and 
HPV screening

A physical and speculum examination was conducted 
by trained gynaecologists. Cervical swabs were col-
lected and stored in a vial containing 20 ml PreservCyt® 
Solution (Hologic Inc., MA, United States of America). 
At the district health centres, specimens collected from 
Hanoi and HCMC were stored at room temperature and 
transferred weekly to the National Institute of Hygiene 
and Epidemiology in Hanoi and the Pasteur Institute in 
HCMC, respectively. At these institutes, specimens were 
tested for HPV DNA and sent to the National Hospital of 
Obstetrics and Gynecology in Hanoi and the Hung Vuong 
Hospital in HCMC, respectively, for Papanicolaou (Pap) 
testing using liquid-based cytology (ThinPrep Pap test, 
Hologic Inc., ON, Canada). So as to avoid contamination, 
separate aliquots were used for HPV DNA testing and for 
cytological examination.

The Bethesda system was used to report Pap smear 
results, which are categorized as atypical squamous 
cells of undetermined significance, low-grade squamous 
intraepithelial lesion, atypical squamous cells, high-
grade squamous intraepithelial lesion or squamous cell 
carcinoma.16 In each city, one cytological technician and 
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squamous intraepithelial lesions. In Hanoi, squamous 
cell carcinoma was identified in a 33-year-old FSW, with 
HPV-31 present in samples.

High-risk HPV prevalence among younger FSWs 
(<25 years old) was higher in Hanoi (27%) than in HCMC 
(12.5%), while FSWs aged 30–34 years had higher 
prevalence of high-risk HPV and HPV-16/18 prevalence 
in HCMC than in Hanoi (Fig. 2). Although these analyses 
were not statistically significant, increasing age was 
associated with lower risk of both high-risk HPV infec-
tion (unadjusted prevalence ratio [PR]: 0.98, 95% CI: 
0.96–1, P=0.035) and HPV-16/18 infection (unadjusted 
PR: 0.95, 95% CI: 0.91–1, P=0.042) (Table 3).

Approximately 25% of FSWs reported their duration 
of sex work and number of sex clients in the past month. 
FSWs in Hanoi who had engaged in sex work for ≥20 
years had higher prevalence of high-risk HPV than those 
with <20 years, whereas FSWs in HCMC who had en-
gaged in sex work for <10 years had a higher prevalence 
of high-risk HPV compared to those with ≥10 years. Ad-
ditionally, FSWs who had more clients in the past month 
had higher prevalence of high-risk HPV (Supplementary 
Fig. 1).

Risk factors for high-risk HPV infection

FSWs who were married (adjusted PR [aPR]: 2.94, 95% 
CI: 1.29–6.68, P=0.010), divorced (aPR: 1.96, 95%  
CI: 1.01–3.81, P=0.047) or widowed (aPR: 3.26, 95% 
CI: 1.49–7.12, P=0.003) had higher prevalence of high-
risk HPV infection compared to those who were never 
married. Compared to living with friends, living alone 
was associated with a higher risk of high-risk HPV infec-
tion (aPR: 1.85, 95% CI: 1.01–3.39, P=0.046). In our 
study cohort, FSWs were less likely to be infected with 
high-risk HPV if they had given birth (aPR: 0.62, 95%  
CI: 0.38–1.00, P=0.048) or reported consumption 
of drugs (aPR: 0.41, 95% CI: 0.17–0.97, P=0.042)  
(Table 3).

The risk factors for FSWs (n=171) who responded 
to the sex work-related questions are presented in Sup-
plementary Table 1; there was no evidence of possible 
interactions or co-linearity (for example, between age at 
enrolment and sexual debut) and possible interaction 
terms (for example, between marital status and parturi-
tion, and between drug use and type of sex worker).

possible interaction terms (for example, between marital 
status and parturition, and drug use and type of sex 
worker). Variables with P values ≤0.05 were considered 
statistically significant. Data analyses were performed 
using R software.

RESULTS

Participant characteristics

There were 699 FSWs recruited from 67 and 48 active 
venues for transactional sex in Hanoi and HCMC between 
December 2017 and May 2018, respectively, with the 
last 171 participants responding to the additional sex 
work-related questions. 

Participants had a median age of 37 years (range 
18–52) and a median age of sexual debut of 19 years 
(range 11–40). The highest education attained for most 
participants was secondary school (40.3%). Compared 
to FSWs in HCMC, a higher number in Hanoi obtained 
education beyond primary school (P<0.01), had heard 
of HPV prior to this study (P<0.01) and lived alone 
(P<0.01) (Table 1). Participants had an average of  
11 sexual partners, including both clients and personal 
partners in the month prior to the study (Table 1).

HPV prevalence and cytology

The prevalence of HPV among the 349 FSWs screened 
in Hanoi was 27.7% and among the 350 FSWs screened 
in HCMC it was 24.9%. The prevalence of high-risk HPV 
types was similar between the cities (Fig. 1). The preva-
lence of any high-risk HPV infection was 16.4% (95% CI: 
12–21.6%) and 18.2% (95% CI: 14.8–22.1%) for FSWs 
who reported consistent and inconsistent condom use, 
respectively. Low-risk HPV types were generally more 
common among FSWs in Hanoi than HCMC, but this 
was not statistically significant (Fig. 1). HPV type 52 was 
the most common type (7%) among FSWs in both cities, 
followed by types 58 (6%) and 66 (4%). The prevalence 
of infection with multiple HPV types was 18.1% (95% CI: 
15.4–21.2%) and was similar between both cities (Fig. 
1). 

The bivariate relationship between Pap cytol-
ogy and HPV prevalence among the FSWs is shown in  
Table 2; 13.0% of the FSWs had abnormal Pap cytol-
ogy and HPV-16/18 accounted for a third of high-grade 
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HCMC: Ho Chi Minh City.
a The number of female sex workers who answered questions related to sex work was 171.

Table 1. Participants’ demographic and behavioural characteristics by city, Hanoi and HCMC, December 2017 
to May 2018

Characteristics of female sex workers Hanoi (n=349) HCMC (n=350) Total (n=699) P

Demographics n (%) n (%) n (%)

Age, in years, median (range) 35 (18–49) 39 (19–52) 37 (18–52) <0.001

Age of sexual debut, in years, median (range) 18 (11–27) 19 (14–40) 19 (11–40) <0.001

Kinh ethnicity 336 (96.3) 347 (99.1) 683 (97.7) 0.012

Highest education attained <0.001

No formal education 5 (1.4) 22 (6.3) 27 (3.9)

Primary 51 (14.6) 147 (42) 198 (28.3)

Secondary 159 (45.6) 123 (35.1) 282 (40.3)

High school or vocational school 115 (33.0) 54 (15.4) 169 (24.2)

College or university 19 (5.4) 4 (1.1) 23 (3.3)

Marital status <0.001

Never married 80 (22.9) 30 (8.6) 110 (15.7)

Married 60 (17.2) 106 (30.3) 166 (23.7)

Separated 83 (23.8) 45 (12.9) 128 (18.3)

Divorced 88 (25.2) 132 (37.7) 220 (31.5)

Widowed 38 (10.9) 33 (9.4) 71 (10.2)

Living arrangements <0.001

With friends 68 (19.5) 39 (11.1) 107 (15.3)

With husband, boyfriend, male partner 77 (22.1) 119 (34.0) 196 (28.0)

Alone 150 (43.0) 81 (23.1) 231 (33.0)

Temporary housing or with family members 54 (15.4) 111 (31.7) 165 (23.6)

Behaviour

Ever smoked 72 (20.6) 101 (28.9) 173 (24.7) 0.015

Ever consumed alcohol 230 (65.9) 234 (66.9) 464 (66.4) 0.85

Ever been pregnant 319 (91.4) 306 (87.4) 625 (89.4) 0.068

Number of times pregnant, median (range) 3 (1–20) 2 (1–8) 3 (1–20) <0.001

Ever given birth 269 (77.1) 279 (79.7) 548 (78.4) 0.013

Number of times given birth, median (range) 1 (0–5) 1 (0–5) 1 (0–5) <0.001

Ever had abortion 253 (72.5) 152 (43.4) 405 (57.9) <0.001

Number of abortions, median (range) 2 (1–20) 1 (1–8) 2 (1–20) <0.001

Ever used contraception 331 (94.8) 263 (75.1) 594 (85.0) <0.001

Consistent condom use 131 (37.4) 114 (32.6) 245 (35.1) <0.001

Age started selling sex, median (range) 25 (17–35) 22 (16–42) 24 (16–42) <0.001

Number of sexual partners in the last 12 months,  
median (range)

2 (1–30) 1 (1–65) 1 (1–65) <0.001

Number of sex clients in the last month,  
median (range)a 15 (3–31) 8 (0–35) 10 (0–35) 0.006

Street-based sex worker 44 (12.6) 46 (13.1) 90 (12.9) 0.92

Ever consumed drugs 32 (9.2) 34 (9.7) 66 (9.4) 0.9
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Fig. 1. Prevalence of high-risk and low-risk HPV types among female sex workers in Hanoi and HCMC, 
December 2017 to May 2018

HCMC: Ho Chi Minh City; HPV: human papillomavirus.

The exact binominal method was used to estimate 95% confidence intervals of HPV infection for Hanoi in northern Viet Nam (in red) and HCMC in southern Viet Nam (in 
blue). High-risk HPV types include 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66/68, 73 and 82, and low-risk HPV types include 6, 11, 34, 40/61, 42, 43/44, 
54/55, 57/71, 70, 72, 81 and 84/26.

Pacific countries (31.6–57.2%).23–26 This may be due to 
a number of reasons. First, the Global Fund-supported 
free condom distribution programmes have been largely 
implemented for FSWs in Viet Nam through community-
based organizations, and private and public clinics since 
2015.27 Second, our cohort was older and had fewer 
clients/sexual partners compared to previous studies in 
southern14 and northern Viet Nam.13 Third, we recruited 
a higher proportion of venue-based FSWs rather than 
street-based FSWs, who have higher rates of STIs includ-
ing HIV.28,29 Fourth, the regions are different than in the 
other studies.

Our finding that one in 10 FSWs had abnormal 
cytology supports the need for a national cervical cancer 
screening programme in Viet Nam. WHO recommends 

DISCUSSION

In this survey of FSWs in Hanoi and HCMC, the preva-
lence of HPV was 27.7% and 24.9%, respectively, with 
almost one in five having high-risk HPV types. HPV types 
were similar between Hanoi and HCMC with the most 
common high-risk HPV types being HPV-52, -58 and 
-66. FSWs who were divorced, widowed or living alone 
had higher prevalence of high-risk HPV infection. This, as 
well as being infected with multiple HPV types, has been 
reported in this group in previous studies,19–22 and high-
lights this group as being susceptible to HPV diseases.

The HPV prevalence observed in our study is lower 
than previous surveys conducted among FSW popula-
tions in Viet Nam (49.5–85%)13,14 and other Western 
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Fig. 2. Prevalence of high-risk HPV and HPV-16/18 by age among female sex workers in Hanoi and HCMC, 
December 2017 to May 2018

Table 2. Prevalence of HPV infection by cytological result among female sex workers in Hanoi and HCMC, 
December 2017 to May 2018

Low-grade lesions High-grade lesions Cancer

Cytological results Total N (%) Normal ASCUS LSIL ASC-H HSIL SCC

Totala 699 (100) 607 (86.8) 52 (7.4) 19 (2.7) 4 (0.6) 15 (2.1) 1 (0.1)

HPV type at time of survey

16 21 (3.0) 12 (2.0) 1 (1.9) 4 (21.1) 0 (0) 4 (26.7) 0 (0)

18 10 (1.4) 7 (1.2) 1 (1.9) 1 (5.3) 0 (0) 1 (6.7) 0 (0)

16 or 18 28 (4.0) 17 (2.8) 2 (3.8) 4 (21.1) 0 (0) 5 (33.3) 0 (0)

16, 18, 31, 33, 45, 52 or 58 92 (13.2) 65 (10.7) 6 (11.5) 8 (42.1) 2 (50.0) 10 (66.7) 1 (100)

6, 11, 16 or 18b 43 (6.2) 29 (4.8) 2 (3.8) 6 (31.6) 0 (0) 6 (40.0) 0 (0)

6, 11, 16, 18, 31, 33, 45, 52 or 58c 100 (14.3) 71 (11.7) 6 (11.5) 9 (47.4) 2 (50.0) 11 (73.3) 1 (100)

High-risk HPV typesd 123 (17.6) 85 (14.0) 9 (17.3) 13 (68.4) 2 (50.0) 13 (86.7) 1 (100)

Low-risk HPV typese 109 (15.6) 88 (14.5) 10 (19.2) 8 (42.1) 1 (25.0) 2 (13.3) 0 (0)

Undetermined HPV type 15 (2.1) 12 (2.0) 3 (5.8) NA NA NA NA

All values are presented as n (%). ASC-H: atypical squamous cells cannot exclude HSIL; ASCUS: atypical squamous cells of undetermined significance; HCMC: Ho Chi Minh 
City; HPV: human papillomavirus; HSIL: high-grade squamous intraepithelial lesion; LSIL: low-grade squamous intraepithelial lesion; NA: not applicable; SCC: squamous 
cell carcinoma. 

The Bethesda system was used to report Pap smear results.
a There was one sample insufficient for cytological testing.
b HPV types covered in the licensed 4-valent vaccine.
c HPV types covered in the licensed 9-valent vaccine.
d High-risk HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66/68, 73, 82. 
e Low-risk HPV types: 6, 11, 34, 40/61, 42, 43/44, 54/55, 57/71, 70, 72, 81, 84/26.

HCMC: Ho Chi Minh City; HPV: human papillomavirus.
High-risk HPV types include 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66/68, 73 and 82. Error bars represent 95% confidence intervals.
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Table 3. Correlations of factors associated with high-risk HPV infection among female sex workers in Hanoi and 
HCMC, December 2017 to May 2018

 Any high-risk HPVa Bivariate analysis Multivariable analysis

Variables N n % P PR (95% CI) P aPR (95% CI) P

Age 0.98 (0.96–1) 0.04 0.98 (0.95–1) 0.06

Age of sexual debut 0.94 (0.89–0.99) 0.09 0.95 (0.90–1.01) 0.09

Educational levelb

Low 225 44 19.6 0.40 1  

High 474 79 16.7 0.84 (0.58–1.21) 0.35

Marital status

Never married 110 16 14.5 0.44 1 1 

Married 166 32 19.3 1.36 (0.75–2.48) 0.31 2.94 (1.29–6.68) 0.01

Separated 128 18 14.1 0.96 (0.49–1.89) 0.92 1.48 (0.72–3.05) 0.29

Divorced 220 39 17.7 1.24 (0.69–2.22) 0.47 1.96 (1.01–3.81) <0.05

Widowed 71 17 23.9 1.74 (0.88–3.44) 0.11 3.26 (1.49–7.12) <0.01

Other 4 1 25.0 1.82 (0.24–13.76) 0.56 3.21 (0.40–25.89) 0.27

Living arrangements

With friends 107 14 13.1 0.14 1 1 

With husband, boyfriend,  
male partner

196 33 16.8 1.31 (0.70–2.46) 0.39 1.16 (0.54–2.49) 0.70

Alone 231 51 22.1 1.78 (0.98–3.21) 0.06 1.85 (1.01–3.39) <0.05 

Temporary housing or with  
family members

165 25 15.2 1.17 (0.61–2.25) 0.64 1.37 (0.70–2.70) 0.36

Ever smoked 173 32 18.5 0.81 1.08 (0.72–1.61) 0.72 1.23 (0.80–1.88) 0.36

Ever consumed alcohol 464 77 16.6 0.38 0.83 (0.58–1.2) 0.33  

Ever been pregnant 625 102 16.3 0.02 0.54 (0.34–0.87) <0.01  

Ever given birth 548 89 16.2 0.09 0.7 (0.47–1.03) 0.07 0.62 (0.38–1.00) <0.05

Ever had abortion 405 67 16.5 0.46 0.86 (0.60–1.23) 0.39

Ever used contraception 594 102 17.1 0.57 0.84 (0.53–1.35) 0.48

Consistent condom use 244 40 16.4 0.61 0.89 (0.61–1.3) 0.54  

Ever consumed drugs 66 6 9.1 0.08 0.47 (0.21–1.06) 0.07 0.41 (0.17–0.97) 0.04

Type of sex work

Street-based 90 9 10.0 0.06 1 1 

Venue-based 609 114 18.7 1.96 (1–3.87) 0.05 1.85 (0.93–3.67) 0.08

Ever heard of HPV 160 25 15.6 0.54 0.85 (0.55–1.31) 0.46 0.95 (0.90–1.01) 0.09

Ever heard of HPV vaccines 154 29 18.8 0.73 1.1 (0.73–1.67) 0.65

Ever heard of cervical cancer 325 53 16.3 0.47 0.86 (0.60–1.23) 0.41

Ever heard of cervical cancer screening 241 36 14.9 0.34 0.72 (0.40–1.28) 0.26  

Study site

Hanoi, north Viet Nam 349 63 18.1 0.83 1

HCMC, south Viet Nam 350 60 17.1  0.94 (0.66–1.35) 0.75   

aPR: adjusted prevalence ratio; HCMC: Ho Chi Minh City; HPV: human papillomavirus; PR: prevalence ratio.
a High-risk HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66/68.
b Low: primary or no formal education; high: secondary and above.
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biases in estimating HPV prevalence among FSWs. Sec-
ond, our study cohort was older than previous cohorts and 
most participants were from venue-based work locations, 
which may not reflect the true HPV prevalence among 
the FSW population in Viet Nam. However, our cohort 
may be more representative of persistent HPV infection 
and risk of cervical cancer. Third, our cohort was selected 
as they were willing to speak with non-government or-
ganizations (NGOs) and public health officials. Since data 
were incomplete on the response rate among potential 
participants, the degree to which they were interested 
in participating in this study is unknown. Hence, find-
ings from this study should be interpreted with caution. 
Fourth, self-reporting during face-to-face interviews 
could limit the reliability of information on sexual risk 
behaviours and drug use. Fifth, our study did not record 
the vaccination status of FSWs. Some may have been 
vaccinated because of other research studies or small 
pilot vaccination programmes, thus directly or indirectly 
protecting them from HPV-16 and -18 infection. Lastly, 
the small number of FSWs with high-grade squamous 
intraepithelial lesions or cervical cancer limited our ability 
to identify their association with HPV infection.

CONCLUSIONS

We found high prevalence of high-risk HPV infection 
among FSWs in Hanoi and HCMC, highlighting the need 
for a targeted HPV prevention campaign. We recommend 
HPV prevention strategies such as screening every 5–10 
years from age 25 as previously described by WHO30 
and HPV vaccination targeting this vulnerable group of 
women. These strategies will protect FSWs from HPV-
associated diseases including cervical cancer, and also 
help to reduce HPV transmission within the community 
and the overall cervical cancer burden in Viet Nam and 
other LMICs with similar settings.
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screening and treating from age 30, with regular screen-
ing every 5–10 years.30 For high-risk women, such as 
FSWs or those infected with HIV, HPV screening may 
need to start earlier.31

HPV-52 was the most prevalent HPV type among 
FSWs in our cohort, consistent with previous studies of 
FSWs in Viet Nam.13,14 HPV-58 and HPV-66 were the 
second and third most prevalent types in our cohort. 
Both HPV-52 and -58 are included in the nonavalent 
HPV vaccine, while limited cross-protection against 
these types has been shown from both the bivalent and 
quadrivalent vaccines.32 This suggests that the nonava-
lent vaccine may be more appropriate for this high-risk 
group. HPV vaccination is recommended for individuals 
before sexual debut, as the vaccines do not clear existing 
HPV infection,33 although there may still be benefits to 
women with existing HPV infection, including FSWs.34 
These benefits include protection against re-infection and 
infection with other HPV types, reducing their overall risk 
of HPV-associated diseases such as cervical cancer, as 
well as preventing transmission within the community.34 

FSWs who reported consuming drugs or having 
given birth were less likely to be infected with high-risk 
HPV; however, these results need to be interpreted 
with caution. Those who had given birth were almost 
a decade older than those who had not (median age 38 
versus 29 years, respectively), and FSWs who consumed 
drugs had fewer sexual partners than those who reported 
no drug use (median 8 versus 10 partners per month, 
respectively). A review on STIs among FSWs reported an 
increased risk of infection among drug-using FSWs, pos-
sibly due to limited access to health care.35 Furthermore, 
strict anti-drug laws in Viet Nam discourage disclosing 
drug consumption among this already vulnerable popula-
tion, which may have introduced misclassification which 
could bias the association.

Our study has several limitations. First, we only 
recruited FSWs from two main cities in Viet Nam, and the 
prevalence of high-risk HPV was lower than expected. 
Therefore, caution must be taken in generalizing these 
findings to the entire population of FSWs in the country. 
The non-random selection of survey districts in the two 
cities may have an unweighted procedure for prevalence 
and characteristics of the FSW population due to the 
shortage of data on size estimates, leading to additional 
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Tuberculosis (TB) continues to be a major global 
health challenge. Despite a concerted global effort 
to eliminate it, TB remains one of the leading 

infectious causes of death globally. In 2020, an estimated 
10 million incident cases of TB and 1.5 million TB-related 
deaths occurred worldwide.1 A major threat to the global 
effort to end TB is drug-resistant TB (DR-TB), which 
is caused by organisms that are resistant to any drugs 
used for TB, including multidrug-resistant TB (MDR-TB), 
which does not respond to isoniazid and rifampicin, the 
two most effective first-line anti-TB drugs.2 DR-TB is a 
threat because specialized laboratory infrastructure and 
diagnostics are required for DR-TB, leading to substantial 
underdiagnosis of DR-TB, especially in low- and middle-
income countries (LMICs); also, treatment outcomes are 

often poor because treatment of DR-TB is of long duration 
and involves toxic and expensive medicines. In LMICs, 
DR-TB can be a huge burden on health systems and 
can contribute to a high proportion of patients and their 
families experiencing catastrophic health costs. DR-TB 
diagnosis and treatment have changed radically in the 
past decade, in accordance with recommendations from 
the World Health Organization (WHO), including rapid 
and simple diagnosis and shorter treatment duration 
with new and repurposed drugs (Table 1).3–11

The WHO Western Pacific Region is home to  
1.9 billion people in 37 countries and areas. The region is 
diverse, ranging from a large country with a population of 
more than 1 billion to small Pacific island countries with 

a End TB and Leprosy Unit, World Health Organization Regional Office for the Western Pacific, Manila, Philippines.
b Independent consultant, Cavite, Philippines.
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Background: Diagnosis and treatment of drug-resistant tuberculosis (DR-TB) have radically changed in accordance with 
recommendations from the World Health Organization (WHO) in the past decade, allowing rapid and simple diagnosis and 
shorter treatment duration with new and repurposed drugs.

Methods: A descriptive analysis of the status and progress of DR-TB diagnosis and treatment in six priority countries in the 
Western Pacific Region was conducted using information from interviews with countries and the WHO TB database.

Results: Over the past decade, the use of Xpert MTB/RIF has increased in the six priority countries, in parallel with 
implementation of national policies and algorithms to use Xpert MTB/RIF as an initial diagnostic test for TB and detection 
of rifampicin resistance. This has resulted in increases in the number of people diagnosed with multidrug-resistant or 
rifampicin-resistant TB (MDR/RR-TB). Shorter treatment regimens with new and repurposed drugs have also been adopted 
for MDR/RR-TB cases, alongside a decentralized model of care, leading to improved treatment outcomes.

Discussion: The Western Pacific Region has achieved considerable progress in the diagnosis and treatment of DR-TB, in 
line with the evolving WHO recommendations in the past decade. The continued commitment of Member States is needed 
to address remaining challenges, such as the impact of the coronavirus disease pandemic, suboptimal management and 
health system issues.
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Table 1. WHO recommendations on diagnosis and treatment for DR-TB, 2013–2021

MDR-TB: multidrug-resistant tuberculosis; NAAT: nucleic acid amplification test; RR-TB: rifampicin-resistant tuberculosis; SL-LPA: second-line line probe assay; TB: 
tuberculosis; Xpert MTB/RIF: an automated NAAT for Mycobacterium tuberculosis complex and resistance to the drug rifampicin.

Group A: levofloxacin/moxifloxacin, bedaquiline and linezolid.

Group B: clofazimine and cycloserine/terizidone.

Group C: ethambutol, delamanid, pyrazimide, imipenem-cilastatin, meropenem, amikacin/streptomycin, ethionamide/prothionamide and p-aminosalicylic acid.

Year Diagnosis Treatment

2013 Xpert MTB/RIF to be used as the initial diagnostic 
test in adults and children suspected of having MDR-
TB or HIV-associated TB rather than conventional 
microscopy, culture and drug susceptibility testing.3

2016 For patients with confirmed RR-TB or MDR-TB, SL-LPA 
may be used as the initial test to detect resistance to 
fluoroquinolones, instead of phenotypic culture-based 
drug susceptibility testing.4

In patients with RR-TB or MDR-TB who were not 
previously treated with second-line drugs and in whom 
resistance to fluoroquinolones and second-line injectable 
agents was excluded or is considered highly unlikely, a 
shorter MDR-TB regimen of 9–12 months may be used 
instead of the longer regimens.7

2017 Xpert MTB/RIF Ultra is non-inferior to the current Xpert 
MTB/RIF for the diagnosis of MTB and the detection of 
rifampicin resistance and can be used as an alternative 
to the latter in all settings.5

In patients who require TB retreatment, the category 
II regimen should no longer be prescribed, and drug 
susceptibility testing should be conducted to inform the 
choice of treatment regimen.11

2018 In patients with confirmed rifampicin-susceptible and 
isoniazid-resistant TB, treatment with rifampicin, 
ethambutol, pyrazinamide and levofloxacin is 
recommended for a duration of 6 months.10

2019 In MDR/RR-TB patients on longer regimens, all three 
Group A agents and at least one Group B agent should 
be included, to ensure that treatment starts with at least 
four TB agents likely to be effective and that at least 
three agents are included for the rest of the treatment 
after bedaquiline is stopped. If only one or two Group A 
agents are used, both Group B agents are to be included. 
If the regimen cannot be composed with agents from 
Groups A and B alone, Group C agents are to be added.9

Kanamycin and capreomycin are not to be included 
in the treatment of MDR/RR-TB patients on longer 
regimens.9

2020 A shorter all-oral bedaquiline-containing regimen of 9–12 
months duration is recommended in eligible patients 
with confirmed MDR/RR-TB who have not been exposed 
to treatment with second-line TB medicines used in this 
regimen for more than 1 month, and in whom resistance 
to fluoroquinolones has been excluded.8

A treatment regimen lasting 6–9 months, composed of 
bedaquiline, pretomanid and linezolid (BPaL), may be 
used under operational research conditions in MDR-TB 
patients with TB that is resistant to fluoroquinolones, 
who have either had no previous exposure to bedaquiline 
and linezolid or have been exposed for no more than 2 
weeks.8

2021 In people with bacteriologically confirmed pulmonary 
TB, low complexity automated NAATs may be used 
on sputum for the initial detection of resistance to 
isoniazid and fluoroquinolones, rather than culture-
based phenotypic drug susceptibility testing.6
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• proportion of people diagnosed with MDR/RR-TB 
and enrolled in MDR-TB treatment in the same 
year (this can be more than 100% owing to 
cases that are enrolled in the year after they are 
diagnosed);

• percentage of MDR/RR-TB cases tested for sus-
ceptibility to fluoroquinolones;

• number of MDR/RR-TB cases treated with 
bedaquiline, shorter regimen and all-oral longer 
regimen; and

• treatment outcomes for MDR/RR-TB cases 
started on treatment.1,16

Information on the countries’ status was obtained 
through interviews, supported by follow-up communica-
tion and rGLC country monitoring missions. Between 
July and November 2021, interviews with PMDT focal 
points of the national TB programmes from the six prior-
ity countries were conducted virtually using a structured 
questionnaire. Further information was updated after 
follow-up communications or subsequent rGLC country 
monitoring missions in 2021. Information on the coun-
tries’ progress was collected from the WHO database, 
to which countries and areas annually report data on TB 
care and prevention via an electronic platform.17

All data analyses and visualizations were conducted 
using the statistical software package R 4.1.1 (Compre-
hensive R Archive Network at https://cran.r-project.org/).

RESULTS

Status of DR-TB diagnosis

The six priority countries are at different stages in their 
uptake of WHO recommendations on diagnostic tools 
and algorithms for DR-TB (Table 2). National policies 
and algorithms indicate universal access to drug sus-
ceptibility testing in all priority countries. Although Xpert 
MTB/RIF is used as an initial diagnostic test for TB and 
rifampicin resistance detection in all priority countries, 
in Cambodia and Viet Nam it does not cover the entire 
population. In Cambodia, Xpert MTB/RIF was used for 
all initial diagnostic testing in some areas; in other areas, 
it was limited to high-risk groups, such as previously 
treated cases and people living with HIV. The country 
aims to expand its universal use to all presumptive 
cases nationwide by 2023. In Viet Nam, Xpert MTB/RIF 

a few thousand residents, and from countries with a high 
TB burden to countries in the pre-elimination stage.12 
Five countries (China, Mongolia, Papua New Guinea, the 
Philippines and Viet Nam) in the region are on the WHO 
global list of 30 countries with a high burden of TB and 
multidrug-resistant or rifampicin-resistant TB (MDR/RR-
TB) for 2021–2025.13 Countries and areas of the region 
have striven to adopt the changing WHO recommenda-
tions for the diagnosis and treatment of DR-TB. The 
regional Green Light Committee (rGLC), established in 
2011 as a regional DR-TB advisory committee to WHO, 
has supported the scale-up of the programmatic manage-
ment of DR-TB (PMDT) in countries with a high MDR/
RR-TB burden in the region.14 This analysis provides an 
overview of the status and progress of DR-TB diagnosis 
and treatment in six priority countries in the Western 
Pacific Region in line with WHO recommendations.

METHODS

The Western Pacific regional framework to end TB: 
2021–2030 indicates 10 priority countries in the re-
gion.15 Six countries that are directly supported by rGLC 
– Cambodia, the Lao People’s Democratic Republic, 
Mongolia, Papua New Guinea, the Philippines and Viet 
Nam – were selected for this descriptive analysis of the 
status and progress of DR-TB diagnosis and treatment 
using information from interviews with countries and the 
WHO TB database.

Indicators to assess current diagnosis and treatment 
processes for DR-TB were based on recommendations in 
the latest WHO guidelines; they included:

• use of Xpert MTB/RIF, Xpert MTB/RIF Ultra (Xpert 
Ultra) and Xpert MTB/XDR for diagnostic tests;

• use of shorter all-oral bedaquiline-containing 
regimens;

• discontinuation of kanamycin and capreomycin 
for MDR/RR-TB; and

• use of a bedaquiline, pretomanid and linezolid 
(BPaL) regimen.6,8

Indicators to assess the progress of diagnosis and 
treatment for DR-TB were from the latest WHO global TB 
reports; they included:

• percentage of TB patients tested for rifampicin 
resistance;
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Table 2. Status of DR-TB diagnosis in priority countries in the Western Pacific Region in 2021

Item Cambodia Lao PDR Mongolia
Papua New 

Guinea
Philippines Viet Nam

Xpert MTB/
RIF used 
as an initial 
diagnostic 
test for TB 
and rifampicin 
resistance 
detection

In some areas 
(all areas by 
2023)

Yes Yes Yes Yes

Yes (only for 
high-risk groups 
and people with 
abnormal lesion 
on chest X-ray)

National policy 
and algorithm 
indicate 
universal 
access to drug 
susceptibility 
testing

Yes Yes Yes Yes Yes Yes

Number of 
GeneXpert 
machines 
(per 1 million 
population)

107 (6.4) 57 (7.8) 42 (12.7) 85 (9.6) 587 (5.4) 285 (3.0)

Use of Xpert 
Ultra

Replacing Xpert 
MTB/RIF since 
2019

Together with 
Xpert MTB/RIF 
since 2021

Together with 
Xpert MTB/RIF 
since 2021

Together with 
Xpert MTB/RIF 
since 2017

Together with 
Xpert MTB/RIF 
since 2020

Together with 
Xpert MTB/RIF 
since 2018

Use of Xpert 
MTB/XDR

No
Planned in 
2022

No
Planned in 
2022

Planned in 
2022

Planned in 
2022

FL-LPA used to 
detect isoniazid 
resistance 
among 
rifampicin-
susceptible TB

Yes (ad hoc 
since 2019)

No No No No No

FL-LPA used to 
detect isoniazid 
resistance 
among 
rifampicin-
resistant TB

Yes (ad hoc 
since 2018)

No
Yes (routinely 
since 2016)

Yes (routinely)
Yes (routinely 
since 2021)

Yes (ad hoc 
since 2016)

SL-LPA used 
as an initial 
test to detect 
fluoroquinolone 
resistance 
among 
confirmed 
MDR/RR-TB

Yes (since 
2017)

Yes (since 
2016)

Yes (since 
2016)

Yes
Yes (since 
2017)

Yes (since 
2016)

Use of Truenat
Planned as a 
pilot in 2022

No No No
Planned as a 
pilot in 2022

Planned as a 
pilot in 2022

Phenotypic drug 
susceptibility 
testing for new 
and repurposed 
drugs

No
Lzd
(Bdq, Cfz, Dlm 
planned)

Bdq, Cfz, Lzd No No
Bdq, Cfz, Dlm, 
Lzd
(Pa planned)

Bdq: bedaquiline; Cfz: clofazimine; Dlm: delamanid; FL-LPA: first-line line probe assay; Lzd: linezolid; MDR/RR-TB: multidrug-resistant tuberculosis or rifampicin-resistant tubercu-
losis; Pa: pretomanid; PDR: People’s Democratic Republic; SL-LPA: second-line line probe assay; TB: tuberculosis; Xpert MTB/RIF: an automated nucleic acid amplification test  for  
Mycobacterium tuberculosis complex and resistance to the drug rifampicin; Xpert Ultra: Xpert MTB/RIF Ultra.
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fluctuations (Fig. 1). The number of people diagnosed 
with MDR/RR-TB and the number starting on treat-
ment per year in all countries has increased since 2010  
(Fig. 2). However, in the Lao People’s Democratic Repub-
lic, Mongolia and the Philippines, there was a decrease 
in the number of MDR/RR-TB cases diagnosed in 2020 
compared with 2019. This decrease started in 2014 
in Mongolia. The proportion of enrolment in treatment 
among diagnosed cases exceeded 80% in 2020 in Mon-
golia (104%) and Viet Nam (89%), whereas it was 80% 
or below in the Lao People’s Democratic Republic (80%), 
Papua New Guinea (76%) and the Philippines (78%).

The percentage of MDR/RR-TB cases tested for 
susceptibility to fluoroquinolones in four priority countries 
between 2015 and 2020 (no reports from Cambodia and 
Papua New Guinea) varied with increased coverage in 
Mongolia and Viet Nam (Fig. 3).

Status of DR-TB treatment

The six priority countries are also at different stages in the 
uptake of WHO recommendations for DR-TB treatment 
(Table 3). The category II regimen for retreatment cases 
has been discontinued in all priority countries. However, 
the WHO-recommended regimen for rifampicin-suscep-
tible and isoniazid-resistant TB (Hr-TB) is used only in 
Cambodia, Mongolia, Papua New Guinea and Viet Nam.

Shorter injectable-containing regimens started in all 
priority countries between 2013 and 2017. In accordance 
with the 2020 update of the WHO guidelines on DR-TB 
treatment,8 the shorter all-oral bedaquiline-containing 
regimen has been used in Cambodia, the Lao People’s 
Democratic Republic, Mongolia, the Philippines and Viet 
Nam since 2020, with the shorter injectable-containing 
regimen being phased out accordingly.

As per the 2019 WHO consolidated guidelines on 
DR-TB treatment,9 standardized longer regimens for 
fluoroquinolone-susceptible or fluoroquinolone-resistant 
MDR/RR-TB have been revised in Cambodia, Mongolia, 
Papua New Guinea, the Philippines and Viet Nam, prior-
itizing Group A drugs including bedaquiline and linezolid. 
Kanamycin and capreomycin were no longer included in 
the treatment of MDR/RR-TB patients on longer regimens 
in all priority countries by 2020. Among the medicines 
recommended for use in longer regimens,9 the following 
drugs are unavailable: imipenem-cilastatin and mero-

is limited to high-risk groups such as people living with 
HIV, children and people with abnormal lesions on chest 
X-ray. In priority countries, the number of GeneXpert 
machines per 1 million population ranges from three to 
12.7 nationwide.

Xpert MTB/RIF Ultra (Xpert Ultra) has been intro-
duced in all priority countries. In Cambodia, Xpert Ultra 
had already replaced Xpert MTB/RIF at the time of the 
interview. In the other priority countries, Xpert Ultra is 
being used together with Xpert MTB/RIF. There are also 
plans to introduce Xpert MTB/XDR in 2022 in the Lao 
People’s Democratic Republic, Papua New Guinea, the 
Philippines and Viet Nam.

In Cambodia, first-line line probe assays (FL-LPAs) 
are used to detect isoniazid resistance among rifampicin-
susceptible TB cases only on an ad hoc basis. However, in 
Mongolia, Papua New Guinea and the Philippines, FL-LPAs 
are routinely used to detect isoniazid resistance among 
rifampicin-resistant TB cases, and in Cambodia and Viet 
Nam, they are used in such cases but on an ad hoc basis. 
Second-line line probe assays (SL-LPAs) are used as an 
initial test to detect fluoroquinolone resistance among 
confirmed MDR/RR-TB cases in all priority countries. The 
use of Truenat (a point-of-care rapid molecular test) for 
detection of TB and rifampicin resistance is planned as 
a pilot project in 2022 in Cambodia, the Philippines and  
Viet Nam.

As the use of new and repurposed drugs in shorter 
and longer regimens is scaled up in priority countries, 
phenotypic drug susceptibility testing for those drugs is 
conducted or planned. In the Lao People’s Democratic 
Republic, drug susceptibility testing for linezolid is in 
place, and drug susceptibility testing for bedaquiline, 
clofazimine and delamanid is planned. In Mongolia, 
drug susceptibility testing for bedaquiline, linezolid and 
clofazimine is conducted. In Viet Nam, drug susceptibil-
ity testing for bedaquiline, linezolid, clofazimine and 
delamanid is conducted and drug susceptibility testing 
for pretomanid is planned.

Progress of DR-TB diagnosis

The percentage of new and previously treated TB patients 
tested for rifampicin resistance in four of the priority 
countries (no reports from Cambodia and Papua New 
Guinea) increased between 2017 and 2020, with some 
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Fig. 1. Percentage of new and previously treated TB patients tested for rifampicin resistance in four priority 
countries, 2017–2020 (no reports from Cambodia and Papua New Guinea)

Fig. 2. Number of people diagnosed with MDR/RR-TB and enrolled in MDR-TB treatment in six priority 
countries, 2010–2020
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Various treatment adherence interventions for MDR/
RR-TB patients are offered in the six priority countries 
(Table 2). Material support (e.g. lunch, transport and 
cash transfer) is provided in all priority countries. Psycho-
logical support is offered in Cambodia, the Lao People’s 
Democratic Republic, Mongolia and Papua New Guinea. 
Patient and staff education is provided in all priority 
countries. Digital medication monitoring has been imple-
mented as a pilot project in the Philippines and Viet Nam.

Several treatment administration options for MDR/
RR-TB patients are provided in priority countries. In 
Cambodia and Viet Nam, the main mode of treatment 
administration is community-based directly observed 
treatment (DOT) by health-care workers or family mem-
bers. In Mongolia, Papua New Guinea and the Philip-
pines, both facility-based DOT by health-care workers 
and community-based DOT by family members are 
used. In the Lao People’s Democratic Republic, the main 

penem in Cambodia; cycloserine, imipenem-cilastatin, 
meropenem, streptomycin and p-aminosalicylic acid in 
the Lao People’s Democratic Republic; none in Mongolia; 
imipenem-cilastatin and meropenem in Papua New 
Guinea; meropenem in the Philippines; and meropenem 
in Viet Nam.

The BPaL regimen recommended in 2019 for 
operational research has been used in the Lao People’s 
Democratic Republic, the Philippines and Viet Nam since 
2020 or 2021. Mongolia commenced the BPaL regimen 
under programmatic conditions in 2021.

Culture monitoring for MDR/RR-TB patients on 
treatment is conducted monthly in all priority countries 
except for Papua New Guinea. Elective partial lung 
resection (lobectomy or wedge resection) alongside a 
recommended MDR-TB regimen is being undertaken in 
Mongolia and the Philippines.

Fig. 3. Percentage of MDR/RR-TB cases tested for susceptibility to fluoroquinolones in four priority countries, 
2015–2020 (no reports from Cambodia and Papua New Guinea)

PDR: People’s Democratic Republic

!

Pe
rc

en
ta

ge
 (%

)

Year

Lao PDR

Philippines Viet Nam

Mongolia



WPSAR Vol 13, No 4, 2022  | doi: 10.5365/wpsar.2022.13.4.972https://ojs.wpro.who.int/ 19

Progress on diagnosis and treatment of DR-TB in the Western PacificOh et al

Table 3. Status of DR-TB treatment in priority countries in the Western Pacific Region in 2021

Item Cambodia Lao PDR Mongolia Papua 
New Guinea Philippines Viet Nam

Discontinuation of 
category II regimen

Yes (in 2020) Yes (in 2018) Yes (in 2020) Yes (in 2017) Yes (in 2017) Yes (in 2018)

6 REZ-Lfx for Hr-TB Yes (since 2018) No Yes (since 2020) Yes (since 2020) No Yes (since 2018)

Shorter injectable-
containing regimen

2017–2021 2013–2020 2016–2020 Yes (since 2016) 2015–2021 2016–2020

Shorter all-oral 
bedaquiline-
containing regimen

Yes (since 2020) Yes (since 2020) Yes (since 2020) No Yes (since 2020) Yes (since 2021)

Standardized 
longer regimen for 
fluoroquinolone-
susceptible MDR/
RR-TB

6 months 
Bdq-Lfx-Lzd-
Cfz/12–14 
months Lfx-Lzd-
Cfz or 12–14 
months Lfx-Cfz-Cs

N/A (shorter 
all-oral Bdq-
containing 
regimen solely 
used)

6 months of 
2–3 in Group A & 
1–2 in Group B & 
1–2 in Group C/ 
12–14 months of 
1–2 in Group A & 
1–2 in Group B & 
1–2 in Group C

6 months Bdq-
Lfx-Lzd-Cfz/12 
months Lfx-Lzd-
Cfz

6 months 
Lfx-Bdq-Lzd-
Cfz/12–14 
months Lfx-Lzd-
Cfz

Bdq-Lfx-Lzd-
Cfz-1 in Group C 
or Lfx-Lzd-Cfz-
Cs-1 in Group C

Standardized 
longer regimen for 
fluoroquinolone-
resistant MDR/
RR-TB

6 months 
Bdq-Lzd-Cfz-
Cs-Dlm/12–14 
months Lzd-
Cfz-Cs

N/A (BPaL solely 
used)

N/A 
(individualized)

6 months Bdq-
Lzd-Cfz-Cs/12–14 
months Lzd-Cfz-
Cs

N/A 
(individualized)

Discontinuation 
of kanamycin and 
capreomycin for 
MDR/RR-TB

Yes (in 2020) Yes (in 2019) Yes (in 2020) Yes (in 2020) Yes (in 2019) Yes (in 2020)

Unavailable drugs 
in longer regimens

Ipm-Cln, Mpm Cs, Ipm-Cln, 
Mpm, S, PAS

None Ipm-Cln, Mpm Mpm Mpm

Use of BPaL 
regimen

No Yes (under OR 
conditions since 
2020)

Yes (under 
programmatic 
conditions since 
2021)

No Yes (under OR 
conditions since 
2021)

Yes (under OR 
conditions since 
2021)

Culture monitoring 
for MDR/RR-TB

Monthly Monthly Monthly Irregular due 
to laboratory 
instability

Monthly Monthly

Elective partial  
lung resection

No No Yes No Yes No

Treatment 
adherence 
interventions

 - Material 
support 
(US$ 30 per 
month)

 - Psychological 
support

 - Patient 
education

 - Staff education

 - Material 
support  
(US$ 5 per 
day)

 - Psychological 
support

 - Patient 
education

 - Staff education

 - Material 
support 
(lunch & 
transportation)

 - Psychological 
support

 - Patient 
education

 - Staff education

 - Material 
support  
(US$ 57–100 
per month)

 - Psychological 
support

 - Patient 
education

 - Staff education

 - Material 
support  
(US$ 18 
per week)

 - Patient 
education

 - Staff education
 - Digital 

medication 
monitor (pilot)

 - Material 
support 
(US$ 10 per 
month)

 - Patient 
education

 - Staff education
 - Digital 

medication 
monitor (pilot)

Treatment 
administration 
options

 - Community-
based DOT 
by health-
care workers 
or family 
members

 - Facility-based 
DOT by 
health-care 
workers

 - Facility-based 
DOT by health-
care workers

 - Community-
based DOT by 
family members

 - VOT (pilot)

 - Facility-based 
DOT by health-
care workers

 - Community-
based DOT 
by family 
members

 - Facility-based 
DOT by health-
care workers

 - Community-
based DOT by 
family members

 - VOT (pilot)

 - Community-
based DOT 
by health-care 
workers or 
family 
members

 - VOT (pilot)

Model of care Mainly 
ambulatory care

Mainly 
hospitalization

Hospitalization 
until sputum 
conversion 
followed by 
ambulatory care

Mainly 
ambulatory care

Mainly ambulatory 
care

Hospitalization 
up to 1 month 
followed by 
ambulatory care

Bdq: bedaquiline; BPaL: bedaquiline, pretomanid and linezolid; Cfz: clofazimine; Cs: cycloserine; Dlm: delamanid; DOT: directly observed treatment; E: ethambutol; Hr-TB: 
rifampicin-susceptible, isoniazid-resistant tuberculosis; Ipm-Cln: imipenem-cilastatin; Lfx: levofloxacin; Lzd: linezolid; MDR/RR-TB: multidrug-resistant tuberculosis or 
rifampicin-resistant tuberculosis; Mpm: meropenem; OR: operational research; PAS: p-aminosalicylic acid; PDR: People’s Democratic Republic; R: rifampicin; REZ-Lfx: 
rifampicin, ethambutol, pyrazinamide and levofloxacin; S: streptomycin; VOT: video-observed treatment; Z: pyrazinamide.

Group A: levofloxacin/moxifloxacin, bedaquiline and linezolid.

Group B: clofazimine and cycloserine/terizidone.

Group C: ethambutol, delamanid, pyrazimide, imipenem-cilastatin, meropenem, amikacin/streptomycin, ethionamide/prothionamide and p-aminosalicylic acid.
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GeneXpert machines has increased, with the eligibility 
criteria extended to all people to be evaluated for TB. As a 
result, the number of people diagnosed with MDR/RR-TB 
and the percentage of TB patients tested for rifampicin 
resistance have also increased. For DR-TB treatment, 
shorter regimens for MDR/RR-TB treatment are used, with 
the shorter all-oral bedaquiline-containing regimen replac-
ing the shorter injectable-containing regimen. New and 
repurposed drugs have been included in shorter or longer 
regimens, and kanamycin and capreomycin have been 
withdrawn. The model of care for MDR/RR-TB treatment 
is transitioning towards decentralization and increased use 
of ambulatory care. Consequently, the treatment outcomes 
for MDR/RR-TB cases have improved in these priority 
countries.

The rGLC has supported the scale-up of program-
matic management of DR-TB in priority countries.14 In 
accordance with WHO recommendations, the committee 
has provided technical inputs to national strategies or 
guidelines related to DR-TB; assisted in national capacity-
building activities (e.g. in-person workshops or webinars); 
and conducted annual rGLC monitoring missions, where 
members of the committee and WHO staff have provided 
recommendations and have monitored countries’ actions 
to previous recommendations.14,18 Therefore, most of the 
new diagnostics and regimens have been implemented in 
a timely manner in the priority countries.

COVID-19 has impacted the diagnosis and treat-
ment of TB and DR-TB since 2020.19 The decrease in 
the number of MDR/RR-TB cases diagnosed in the Lao 
People’s Democratic Republic, Mongolia and the Philip-
pines in 2020 can be attributed to the decrease in TB 
notifications due to restricted visits to health facilities and 
the repurposing of TB staff and facilities for the COVID-19 
response. GeneXpert machines have been repurposed for 
COVID-19 diagnosis; also, stockouts of cartridges and a 
lack of equipment maintenance may have contributed to 
the decrease in MDR/RR-TB diagnoses. Despite these 
difficulties, COVID-19 has facilitated innovations in DR-
TB treatment.20 All priority countries have expedited the 
transition from injectable-containing shorter or longer 
regimens to all-oral shorter or longer regimens, to mini-
mize patient visits to health facilities. Hospitalization for 
treatment and facility-based DOT has been minimized, 
and community-based DOT has been facilitated in all 
priority countries. Also, the use of digital technology such 
as VOT was accelerated in three priority countries during 
the pandemic.

modality is facility-based DOT by health-care workers 
during hospitalization. Video-observed treatment (VOT) 
has been conducted as a pilot project in Mongolia, the 
Philippines and Viet Nam.

MDR/RR-TB patients are treated mainly through 
ambulatory care in Papua New Guinea and the Philip-
pines, whereas most patients are treated during hospi-
talization in the Lao People’s Democratic Republic. In 
Mongolia, patients are hospitalized until their sputum 
conversion from positive to negative, and in Viet Nam, 
patients are hospitalized for up to 1 month. In Cambodia, 
patients were hospitalized for the first week for a workup 
and monitoring of a new regimen before the coronavirus 
disease (COVID-19) pandemic; however, this practice has 
since been restricted to ambulatory care only.

Progress of DR-TB treatment

Where data were available, the number of MDR/RR-TB 
cases treated with bedaquiline and the shorter regimen 
between 2015 and 2019 increased in all six priority 
countries, although there were decreases observed be-
tween 2018 and 2019 in Cambodia, the Lao People’s 
Democratic Republic and the Philippines (Fig. 4). The 
use of the all-oral longer regimen increased between 
2019 and 2020 in the Philippines (no report from the 
other countries).

Treatment outcomes for MDR/RR-TB cases started 
on treatment in 2014–2018 in the six priority countries 
differed (Fig. 5). The proportion of cases with treat-
ment success increased in the Lao People’s Democratic 
Republic (from 67% in 2014 to 84% in 2018) and the 
Philippines (from 46% in 2014 to 67% in 2018), mainly 
due to a reduction in the proportion of treatment failure 
in the Lao People’s Democratic Republic and to patient 
loss to follow-up in the Philippines. The proportion of 
cases with treatment success was similar each year in 
Mongolia and Viet Nam, and fluctuated from year to year 
in Cambodia and Papua New Guinea.

DISCUSSION

DR-TB diagnosis and treatment in the Western Pacific 
Region have changed drastically over the past decade. 
As shown by the six priority countries, national policies 
and algorithms now recommend Xpert MTB/RIF as an 
initial diagnostic test for TB and rifampicin resistance 
detection; also, the number of Xpert MTB/RIF sites and 
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designated laboratories, because one facility was repur-
posed for COVID-19 testing and another had never started 
SL-LPA testing. It has been reported from the field that 
SL-LPA may be underused in areas where Xpert MTB/
RIF-confirmed RR-TB patients are initiated on MDR-TB 
treatment without SL-LPA testing against national guide-
lines. There may also be missing data on SL-LPA results 
during the recording and reporting process. With the Lao 
People’s Democratic Republic, Papua New Guinea, the 
Philippines and Viet Nam soon to introduce Xpert MTB/
XDR, a new landscape of drug susceptibility testing for 
fluoroquinolones is expected.

Due to the underuse of FL-LPA and regimens for 
Hr-TB in most priority countries, diagnosis and treatment 
of Hr-TB remain limited in the region. FL-LPA or the 
soon-to-be-introduced Xpert MTB/XDR should be further 
used to detect isoniazid resistance in cases of rifampicin-
susceptible TB (at least among retreatment cases), given 
the high rate of isoniazid resistance in some countries. 
Moreover, the regimen for Hr-TB should be implemented 
in more of the priority countries.

This analysis shows that there is still a gap in enrol-
ment in treatment for cases diagnosed with MDR/RR-TB in 
some priority countries. Programme staff in the field have 
reported that this might be due to several factors, including 
death or loss to follow-up of cases before treatment com-
mencement; significant delay in diagnosis due to the long 
turnaround time of SL-LPA or phenotypic drug susceptibil-
ity testing results; and delay in treatment due to health 
system challenges including drug supply interruption, 
stockouts or insufficient staff capacities, or inaccuracies in 
recording and reporting from paper-based systems. There 
should be a focus on addressing these factors for more 
timely patient treatment enrolment in those countries.

Although SL-LPA has been successfully promoted as 
initial drug susceptibility testing for fluoroquinolones in all 
priority countries, for various reasons, coverage is subop-
timal in some of these countries. One issue is that there 
may be an insufficient number of laboratories for SL-LPA 
for nationwide coverage. For example, in the Philippines, 
a large country, there was only one laboratory functional 
for SL-LPA between 2020 and 2021 from among three 

Fig. 4. Number of MDR/RR-TB cases treated with all-oral longer regimen, bedaquiline and shorter regimen in 
six priority countries, 2015–2020
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a comprehensive and practical insight into the progress 
of PMDT in these six priority countries in the region.

In conclusion, these six priority countries in the 
Western Pacific Region, in collaboration with the rGLC, 
have achieved considerable progress in the diagnosis 
and treatment of DR-TB in line with the evolving WHO 
recommendations over the past decade. Automated 
nucleic acid amplification tests and shorter all-oral 
regimens containing new and repurposed drugs are now 
used for DR-TB diagnosis and treatment in the region, 
leading to reductions in the case-detection gap and 
enhanced treatment outcomes. However, several chal-
lenges remain, particularly the impact of the COVID-19 
pandemic, suboptimal patient management and health 
system issues. The continued commitment of countries 
to a speedy recovery from COVID-19, patient-centred 
care, capacity building and a robust health system is 
needed to continue progressing towards ending DR-TB 
in the region.

There was static and fluctuating MDR/RR-TB treat-
ment success in some priority countries, despite the 
roll-out of shorter regimens. Although they are shorter, 
these regimens do not guarantee improved treatment 
outcomes because they still require clinical management, 
strong patient support and monitoring systems to ensure 
patient adherence to treatment. In those countries, 
expansion of shorter regimens should be reinforced by 
optimal management and supportive health systems for 
improved treatment outcomes.

Our analysis has several limitations. First, there were 
no reported data for some indicators for certain years or 
from particular countries in the WHO database, impeding 
a complete analysis. Second, there is a possibility of re-
call bias from PMDT focal points, despite verification by 
follow-up communication or subsequent rGLC missions. 
Although attempts were made to refer to official docu-
ments, some answers were provided based on memory. 
Notwithstanding these limitations, this analysis provides 

PDR: People’s Democratic Republic

Fig. 5. Treatment outcomes for MDR/RR-TB cases started on treatment in six priority countries, 2014–2018
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Avian influenza (AI) viruses are zoonotic but 
occasionally infect humans through direct or 
indirect contact with infected animals. In humans, 

infection ranges from mild to severe illness and death. 
Wild and domestic birds (poultry and captive birds) and 
other mammalian species play an important role in the 
emergence, evolution and transmission of different AI 
subtypes A(HxNy) to humans. The HxNy subtypes are 
classified based on the 18 subtypes of haemagglutinin 
(H1 through H18) and the 11 subtypes of neuraminidase 
(N1 through N11) on the viral surface.1,2

In the Western Pacific Region (WPR) of the World 
Health Organization (WHO), the strengthening of surveil-
lance systems to identify human infections with AI, along 
with a coordinated, multisectoral approach under the 
One Health Initiative, have been priorities for many years. 
These actions have been guided by the Asia Pacific Strat-

egy for Emerging Diseases and Public Health Emergen-
cies (APSED III).3 Global reporting mechanisms are well 
established to share information on A(HxNy) and guide 
risk assessment. Human A(HxNy) cases are notifiable un-
der the International Health Regulations (IHR 2005)4 and 
animal cases are notifiable to the World Organisation for 
Animal Health under the Terrestrial Animal Health Code.5

In 2018, we published a report of notifications of 
A(HxNy) human cases in the WPR between 1 November 
2003 and 30 September 2017.6 Of the 1838 human 
infections with A(HxNy) in this report, most were with 
A(H7N9) (n = 1562, 85%) and A(H5N1) (n = 238, 
13%), followed by A(H9N2) (n = 18, 1%) and A(H5N6) 
(n = 16, 1%).6 This current report provides an update on 
human cases of A(HxNy) notified from 1 November 2003 
to 31 July 2022.

a World Health Organization Regional Office for the Western Pacific, Manila, Philippines.
b World Health Organization Representative Office for China, Beijing, People’s Republic of China.
c World Health Organization Representative Office for Lao PDR, Vientiane, Lao People’s Democratic Republic.
d World Health Organization Representative Office for Cambodia, Phnom Penh, Cambodia.
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Avian influenza subtype A(HxNy) viruses are zoonotic and may occasionally infect humans through direct or indirect contact, 
resulting in mild to severe illness and death. Member States in the Western Pacific Region (WPR) communicate and notify 
the World Health Organization of any human cases of A(HxNy) through the International Health Regulations (IHR 2005) 
mechanism. This report includes all notifications in the WPR with illness onset dates from 1 November 2003 to 31 July 
2022. During this period, there were 1972 human infections with nine different A(HxNy) subtypes notified in the WPR. 
Since the last report, an additional 134 human avian influenza infections were notified from 1 October 2017 to 31 July 
2022. In recent years there has been a change in the primary subtypes and frequency of reports of human A(HxNy) in the 
region, with a reduction of A(H7N9) and A(H5N1), and conversely an increase of A(H5N6) and A(H9N2). Furthermore, 
three new subtypes A(H7N4), A(H10N3) and A(H3N8) notified from the People’s Republic of China were the first ever 
recorded globally. The public health risk from known A(HxNy) viruses remains low as there is no evidence of person-to-person 
transmission. However, the observed changes in A(HxNy) trends reinforce the need for effective and rapid identification to 
mitigate the threat of a pandemic from avian influenza if person-to-person transmission were to occur.
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the time of notification for a case fatality rate (CFR) of 
41%. Most (74 cases, 93%) were exposed to wild birds 
or backyard poultry prior to illness onset (Table 1). The 
number of cases varied from two to nine per year during 
2014–2020, but then increased to 37 cases in 2021. Up 
to the end of July 2022, 14 cases were observed (Fig. 1).

All but one of the cases (99%) were notified from 
China, across 15 different provinces. Cases were reported 
from Anhui (n = 2), Beijing (n = 1), Chongqing (n = 3), 
Fujian (n = 2), Guangdong (n = 14), Guangxi (n = 18), 
Guizhou (n = 1), Henan (n = 1), Hubei (n = 1), Hunan 
(n = 13), Jiangsu (n = 5), Jiangxi (n = 2), Sichuan (n 
= 12), Yunnan (n = 2) and Zhejiang (n = 2). In March 
2021, the Lao People’s Democratic Republic notified the 
Western Pacific Regional Office of A(H5N6) virus infec-
tion in a child identified through sentinel surveillance.

Human infection with A(H9N2) virus

Since the last report, an additional 59 A(H9N2) cases 
have been notified to WHO from the WPR (57 from 
China and two from Cambodia). Between 2015, when 
the first A(H9N2) human case was notified to WHO, and 
31 July 2022, 77 laboratory-confirmed cases (including 
two deaths, CFR: 3%), were notified from the WPR.

There were no family clusters reported, although 
most cases were children. Of the total cases (n = 77), 
27 (35%) were males. Ages ranged from <1 to 39 years 
(median 3 years) in males and from <1 to 78 years 
(median 5 years) in females. Overall, 71 (92%) were mild 
infections and 58 (75%) were exposed to bird markets 
or backyard poultry prior to illness onset (Table 1). The 
number of cases observed varied from four to seven per 
year during 2015–2019, and increased to 16 cases in 
2020, 25 cases in 2021 and eight cases up to the end of 
July in 2022 (Fig. 1).

Of the total cases, 75 (97%) were notified from 
China, across 16 different provinces including one 
from China Hong Kong Special Administrative Region 
(SAR). Cases were reported from Anhui (n = 9),  
Beijing (n = 2), Fujian (n = 4), Gansu (n = 1),  
Guangdong (n = 18), Guangxi (n = 3), Guizhou (n = 5), 
Henan (n = 2), Hubei (n = 5), Hunan (n = 11), Jiangsu  
(n = 3), Jiangxi (n = 2), Shandong (n = 1), Shanxi (n = 1), 
Sichuan (n = 5), Yunnan (n = 2) and Hong Kong SAR  
(n = 1). Two cases were notified from Cambodia in 

METHODS

Human infections with A(HxNy) are commonly detected 
via sentinel surveillance systems, such as influenza-like 
illness, severe acute respiratory infection, and pneumonia 
with unknown etiology surveillance or through hospital-
based surveillance. Member States of the WPR commu-
nicate and notify A(HxNy) human cases through the IHR 
(2005) mechanism to WHO. The WHO Western Pacific 
Regional Office has maintained a database of all official 
notifications of A(HxNy) human cases since 2003. This 
analysis includes all notifications in the WPR with illness 
onset dates from 1 November 2003 to 31 July 2022. 
Data on human infections with A(HxNy) subtypes were 
summarized by person, place and time and compared 
with results from the previous report. Data were analysed 
and figures were generated using Microsoft Excel.

RESULTS

From 1 November 2003 to 31 July 2022, there were 
1972 human infections with nine different A(HxNy) 
subtypes notified to WHO from the WPR. Since the last 
report,6 134 additional human AI infections were notified 
from 1 October 2017 to 31 July 2022, including three 
new subtypes notified globally for the first time. 

In the previous report, human cases with A(H5N1) 
and A(H7N9) were the predominant subtypes, but the 
majority of newly notified cases in this report were 
A(H5N6) (n = 64, 400% increase) and A(H9N2)  
(n = 59, 328% increase) (Table 1, Fig. 1).

Human infection with A(H5N6) virus

Since the last report, an additional 64 A(H5N6) cases 
were reported from the WPR – 63 from the People’s 
Republic of China and one from the Lao People’s Demo-
cratic Republic. From 2014, when the first A(H5N6) hu-
man case was notified, to 31 July 2022, 80 laboratory-
confirmed cases were reported from the WPR. In 2021, 
a small cluster of two cases was reported in a husband 
and wife.

Of the 80 cases, 44 (55%) were males with ages 
ranging from 3 to 79 years (median 51 years) and 
36 (45%) were females with ages ranging from 1 to 
81 years (median 47 years). Overall, 44 (55%) were 
severe infections and 33 were reported to have died at 
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Table 1. Demographic, geographic and temporal characteristics of avian influenza virus subtypes notified from 
the Western Pacific Region, 1 November 2003–31 July 2022

Characteristic
Influenza A virus subtype

H5N1 H7N9 H5N6 H9N2 H10N8 H6N1 H7N4 H10N3 H3N8

New cases notified since last report6: from 1 October 2017 to 31 July 2022

New cases, n  
(% increase)

1 (<1%) 6 (<1%) 64 (400%) 59 (328%) 0 (0%) 0 (0%) 1 (100%) 1 (100%) 2 (100%)

Total cases notified: from 1 November 2003 to 31 July 2022

Total cases, n 239 1568 80 77 3 1 1 1 2

Sex

 Male 119 (50%) 1096 (70%) 44 (55%) 27 (35%) 1 (33%) 0 0 1 (100%) 2 (100%)

 Female 120 (50%) 472 (30%) 36 (45%) 50 (65%) 2 (67%) 1 (100%) 1 (100%) 0 0

Age, median years 
(range)

20 (<1–81) 57 (0–91) 50 (1–81) 5 (<1–78) 73 (55–75) 20 68 41 4.5 (4–5)

 Male 23 (<1–81) 58 (1–91) 51 (3–79) 3 (<1–39) 75 ND ND 41 4.5 (4–5)

 Female 18 (<1–75) 56 (0–85) 47 (1–81) 5 (<1–78) 55, 73 20 68 ND ND

Severity

Unknown ND 142 (9%) 0 1 (1%) 0 0 0 0 0

Mild/stable ND 89 (6%) 3 (4%) 71 (93%) 0 0 0 0 1 (50%)

Severe ND 721 (46%) 44 (55%) 3 (4%) 3 (100%) 1 (100%) 1 (100%) 1 (100%) 1 (50%)

Deaths, n (CFR %) 134 (56%) 616 (39%) 33 (41%) 2 (3%) 2 (67%) 0 0 0 0

Deaths median age 
(range), years

19 (<1–69) 60 (3–91) 48 (3–81) 48 (39–57) 74 (73–75) ND ND ND ND

Exposure to poultry/wild birds

Yes 146 (61%) 741 (47%) 74 (92%) 58 (75%) 3 (100%) 0 1 (100%) 0 2 (100%)

No 7 (3%) 34 (2%) 3 (4%) 10 (13%) 0 1 (100%) 0 1 (100%) 0

Unknown 86 (36%) 793 (51%) 3 (4%) 9 (12%) 0 0 0 0 0

Countries (% of all 
cases reported)

Cambodia 
(n = 56, 
23%), 

China (n = 
53, 22%), 
Lao PDR  

(n = 3, 1%), 
Viet Nam 
(n = 127, 

53%)

China (n 
= 1565, 
99.8%), 

cases with 
travel to 

China from 
Canada 
(n = 2), 

Malaysia (n 
= 1)

China 
(n = 79, 
99%), 

Lao PDR  
(n = 1, 1%)

China 
including 
China, 

Hong Kong 
SAR  

(n = 75, 
97%),  

Cambodia 
(n = 2, 3%)

China 
(n = 3, 
100%)

China 
(n = 1, 
100%)

China  
(n = 1, 
100%)

China 
(n = 1, 
100%)

China 
(n = 2, 
100%)

Last reported  
to WHO

31 October 
2020

5 April 
2019

13 June 
2022

24 June 
2022

13 February 
2014

May 
2013

14 February 
2018

31 May 
2021

17 May 
2022

China: People’s Republic of China; CFR: case fatality rate; ND: not determined; PDR: People’s Democratic Republic; SAR: Special Administrative Region;  
WHO: World Health Organization.

and two cases of A(H3N8), respectively. All cases recov-
ered after being hospitalized and no close contacts of the 
cases developed illness.

The case of A(H7N4) was a 68-year-old woman with 
reported comorbidities and a history of exposure to live 
poultry prior to becoming ill. The case of A(H10N3) was 
a 41-year-old male with no clear history of exposure to 
poultry prior to illness onset. A(H10N3) was not detected 
in environmental samples or poultry within the locality of 

March 2021 and March 2022, both of which were in 
children (a 13-month-old girl and a 3-year-old boy) from 
Siem Reap province with mild symptoms.

Human infection with new A(H7N4), A(H10N3) 
and A(H3N8)

The three different AI subtypes documented for the first 
time globally were from China in 2018, 2021 and 2022 
comprising one case of A(H7N4), one case of A(H10N3) 
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strong detection, surveillance, case reporting and effec-
tive cooperation between different sectors in China. This 
is exemplified by the decrease in the number of human 
cases of A(H7N9) since 2018 owing to the united and 
collaborative response of multiple relevant stakeholders 
following a One Health approach.7 Similarly, Cam-
bodia11 and the Lao People’s Democratic Republic12 
demonstrated strong joint One Health investigation and 
collaboration to control the A(H9N2) and A(H5N6) hu-
man cases detected in 2021, respectively.

While human infections with A(H9N2) have mostly 
caused mild clinical disease and have been mostly 
among children (median age of 5 years), A(H5N6) can 
generally be more severe. However, although an in-
crease of A(H5N6) cases was observed in 2021, the 
disease course and CFRs were comparable to previously 
detected A(H5N6) cases. In 2021, four newly detected 
H5N6 genotypes were the major causes of increased 
A(H5N6) infections.13 The observed increase may 
reflect the spread of this virus in poultry, which is enzo-
otic and circulates in poultry and birds in the region.14 
Surveillance of live poultry markets in China from 2014 

the case. One case of A(H3N8) was a 4-year-old boy with 
exposure to live backyard chickens prior to illness onset 
and the other case was a 5-year-old boy with exposure to 
a live poultry market (Table 1).

DISCUSSION

In recent years, there has been a change in the primary 
subtypes and frequency of reports of human A(HxNy) in 
the WPR, with a reduction of A(H7N9) and A(H5N1), 
and an increase of A(H5N6) and A(H9N2). Furthermore, 
new subtypes A(H7N4), A(H10N3) and A(H3N8) were 
reported from China.

The majority of cases and new A(HxNy) subtypes 
in the WPR were reported from China. This is likely due 
to several factors, including the fact that it is the world’s 
largest agricultural country; has an extensive human–
animal interface with about 30% of the poultry raised in 
backyard conditions; and that live poultry markets com-
mon in China play a major part in sustaining influenza 
viruses as well as allowing for new reassortments of 
A(HxNy).7–10 However, it could also be an indicator of 

Fig. 1. Cases of human infection with avian influenza subtypes A(H5N1), A(H5N6), A(H9N2) and A(H7N9) 
notified to WHO from the Western Pacific Region, 1 November 2003–31 July 2022 0 0
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dures.19 These two sporadic cases were not unexpected 
since the circulation of AI viruses in poultry increases the 
risk of sporadic human infections, especially for those 
with occupational exposure. The first human cases of 
A(H5N8) were documented in seven workers who were 
involved in culling operations in a poultry outbreak in 
the Russian Federation in 2020.20

There are several limitations in the interpretation of 
these results as they are based on IHR (2005) notifica-
tions. First, the estimated CFRs for A(HxNy) should be 
interpreted with caution since these are calculated from 
the last update of notifications without any follow-up of 
severe cases that may have subsequently died. Given 
the lack of updated case information, the true number 
of deaths may also be skewed. Second, the capacity to 
detect A(HxNy) evolved during the COVID-19 pandemic 
when influenza surveillance systems were strengthened 
with changes in the sources of case detection such as 
through influenza-like illness surveillance. This detec-
tion capacity may vary by geographical location due to 
differences in surveillance systems. In addition, official 
notification of cases may be underreported, particu-
larly for subclinical infections. A seroprevalence study 
conducted in Cambodia among poultry workers found 
an overall prevalence of 4.5% and 1.8% for antibodies 
against A(H5N1) and A(H9N2), respectively. Hence, 
the true burden of infection is likely higher than that 
observed.21 Despite these limitations, reporting as out-
lined in the IHR (2005) continues to provide important 
information about human cases of A(HxNy) in the WPR 
and globally. It enables Member States to understand 
the epidemiological situation of human AI cases, assess 
the risks and take preventive public health actions.

In conclusion, the overall public health risk from 
known A(HxNy) viruses at the human–animal interface 
remains low as infections have been almost exclusively 
associated with contact with infected birds, with no 
evidence of person-to-person transmission. However, 
the observed changes in A(HxNy) trends reinforce the 
need for early detection and strengthening of human 
and animal surveillance to detect virological, epidemio-
logical and clinical changes associated with circulating 
A(HxNy). Accordingly, continued multi-sectoral col-
laboration at the human–animal interface is needed for 
effective mitigation of the pandemic threat of AI.

to 2016 revealed that A(H5N6) replaced A(H5N1) as 
the dominant subtype in southern China, especially in 
ducks.15 Additional mammal-adapted mutations were 
also detected, indicating the viral adaptation process 
from birds to humans.13 However, although human 
A(H5N6) cases were reported from China from Decem-
ber 2021 to March 2022, no poultry/bird outbreaks of 
A(H5N6) were notified to the World Organisation for 
Animal Health, which may suggest an underreporting of 
poultry outbreaks.2

The increase in reported human cases of A(H5N6) 
may also be due to enhanced diagnostic capacity for 
respiratory disease surveillance during the COVID-19 
pandemic in the context of generally increased awareness 
of respiratory illness across the public health system.14,16 
While in China the majority of A(H5N6) cases were 
reported through pneumonia surveillance systems and 
identified by Chinese National Influenza Surveillance Net-
work laboratories, 15 cases in 2020 and 2021 were first 
identified through third-party sequencing agencies that 
then reported to the Chinese National Influenza Surveil-
lance Network laboratories for confirmation. More than 
one third of cases in 2021 were detected by hospitals 
that sent samples from patients with pneumonia to these 
third-party sequencing agencies.13

Since our last report, notifications of A(H5N1) 
infections have remained low despite enhanced surveil-
lance, detection, awareness and reporting following the 
COVID-19 pandemic. This may indicate a true decline 
in A(H5N1) not biased by changes in surveillance. The 
A(H5N1) viruses detected during late 2021 and 2022 
are different from earlier H5N1 bird flu viruses. Cur-
rent viruses are not spreading easily among poultry, are 
infecting people less easily, and may be less of a risk 
and cause less severe illness among humans.17

In addition to the three new strains reported from 
China for the first time globally, the first two human 
cases of A(H5N1) were reported from Europe and the 
Americas in 2022. In January 2022, the first human 
A(H5N1) case was reported in the United Kingdom of 
Great Britain and Northern Ireland in a person who kept 
birds domestically.18 At the beginning of May 2022, 
the first A(H5N1) case in the United States of America 
was reported in a person involved in bird-culling proce-
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Dengue is the most prevalent vector-borne 
disease in south-east Asia. Caused by the 
four dengue  virus serotypes (DENV-1–4) and 

transmitted by Aedes mosquitoes, primarily by Aedes 
aegypti, the prime contributors to the emergence and 
spread of dengue are favourable climatic conditions, 
urbanization and international trade and travel.1

Dengue emerged as a public health concern in 
Lao People’s Democratic Republic (Lao PDR) in 1983, 
following its first major outbreak in the capital city of 
Vientiane, during which 1759 cases of dengue haem-
orrhagic fever (DHF) were recorded.2 Since then, the 

country has experienced multiple outbreaks, not just in 
the capital but also in other parts of the country. About 
40% of all dengue cases reported in Lao PDR during 
1985–1989 were from Vientiane, with the highest 
dengue activity occurring during the monsoon season 
(May to October).

Previous studies of dengue in Lao PDR have 
focused on a specific province or region and/or have 
relied on short-term dengue case data. In contrast, this 
study summarized dengue surveillance data spanning 
an 18-year period, 2003–2020, from the two most af-
fected southern provinces in Lao PDR. It was designed 
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Dengue is a public health issue in tropical south-eastern Asia responsible for significant morbidity and mortality. Information 
on dengue epidemiology is necessary for developing strategies to control infections effectively. In the Lao People’s Democratic 
Republic (Lao PDR), Champasak and Savannakhet provinces account for around 30% of the national dengue burden. In 
this study, the dengue epidemiological profile in these two southern provinces of Lao PDR was described by analysing 
seasonal and spatial dengue notification data from 2003–2020 using the long-term mean (LTM) method. Savannakhet had 
a higher LTM (132.0 cases/month, 95% confidence interval [Cl]: 92.2–171.7) than Champasak (113.3 cases/month, 95% 
CI: 86.0–140.5), with peaks in dengue notifications following the rainy season in both provinces. The highest notification 
rates were observed in July to September; these months were also when the LTM was most frequently exceeded. Previously, 
dengue notifications were largely confined to the western districts of Savannakhet and the northern districts of Champasak, 
but more recently, notifications have increased in the eastern districts of Savannakhet and southern districts of Champasak. 
While the notification rate remained high in children and young adults (5–30 years), especially among students and farmers, 
a shift in the age structure of dengue cases was observed, with a greater proportion of notifications now occurring in those 
aged over 30 years. Community-based vector control and prevention programmes are needed to restrict the spread of dengue 
into new geographical areas in the southern provinces of Lao PDR.
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Samples of the notified dengue cases were confirmed 
by laboratory testing using non-structural protein tests. 
Data on the prevailing serotypes were obtained from the 
annual reports of the National Center for Laboratory and 
Epidemiology and from the provincial health department 
of Savannakhet.

Population data, based on the 2005 and 2015 
censuses, were acquired from the official web portal of 
the national department of statistics.5 National data on the 
temporal trends in dengue cases (2003–2020) were also 
used in the analysis.

Analysis

Dengue notification rate

Available dengue surveillance data included information 
on the daily number of clinically diagnosed dengue cases 
and deaths by district, age, sex, occupation, nationality 
and disease severity. The monthly dengue notification 
rate was calculated per 100 000 persons (number of 
cases per month/district population x 100 000). Monthly 
dengue notification rates were based solely on case data 
collected by the provincial surveillance system and stored 
in provincial databases; suspected and unconfirmed 
cases were not included.

Long-term mean of dengue cases

A long-term mean (LTM) method was used to analyse 
spatiotemporal variations in dengue cases. The LTM 
was calculated by dividing the total number of dengue 
cases observed during a specified time period by the total 
number of time units (i.e. months) in that time period. 
The time period used in this study was 216 months 
(2003–2020).

 

The LTM was used as a threshold to determine the 
number of months when the monthly number of cases 
exceeded or remained below the LTM. When the monthly 
number of cases exceeded the LTM for 3 or more con-
secutive months, this period was considered to be a 
“high transmission season”.6 LTMs and the number of 
months that exceeded them were calculated and mapped 
for each district within the two provinces.

to inform risk assessment of dengue transmission as 
well as prevention and control strategies.

METHODS

Study area

The current study was conducted within a larger project 
(DENCLIM project; 2018–2021) which aimed to evaluate 
the effects of environmental change and climatic variabil-
ity on community vulnerability and exposure to dengue 
within four geographically similar, but socioeconomically 
different, neighbouring provinces in southern Lao PDR 
and north-eastern Thailand.

Lao PDR has three distinct geographical areas 
(north, central and south). The two most populated 
provinces in the south, Champasak and Savannakhet, 
were selected for this study (Fig. 1). Champasak and 
Savannakhet together account for 24% (1.75 million) of 
the country’s population and both are endemic for den-
gue with year-round transmission. Peak transmission, 
however, occurs during the rainy season, from May to 
October.

Data collection

Daily reports of dengue cases for Champasak and Savan-
nakhet provinces collected by the two provincial health 
departments between 2003 and 2020, aggregated at the 
district level, were used in this study. As per the national 
dengue surveillance system protocols, all public health 
practitioners and directors of clinical laboratories must 
report all dengue cases that meet the dengue case defini-
tion within 24 hours of case confirmation to their provincial 
health department.3 As cases are probably underreported 
by this surveillance system, data are unlikely to be repre-
sentative of the true incidence of dengue infection.

Clinically diagnosed dengue cases were initially cat-
egorized as either dengue fever (DF), DHF or dengue shock 
syndrome (DSS). In 2010, Lao PDR adopted the new 
dengue case classification recommended by the World 
Health Organization (WHO),4 which categorizes cases as: 
dengue without warning signs (DWOS), dengue with warn-
ing signs (DWS) or severe dengue (SD).3 Dengue cases 
were recorded in the Champasak province according to the 
new WHO 2009 classification from 2010 onwards, while 
Savannakhet only adopted the new classification in 2020. 

LTM =
ΣDengue cases

ΣMonths
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32.6% (Champasak for 17.3%, Savannakhet for 15.3%) 
of the country’s total number of notified dengue cases 
(Table 2). High transmission seasons occurred in both 
provinces in 2013 (5387 and 4959 cases in Champa-
sak and Savannakhet, respectively) and again in 2019 
(6320 and 3145 cases in Champasak and Savannakhet, 
respectively). The highest numbers of deaths due to 
dengue were recorded in 2003 and 2013, followed by 
2019 (Table 2).

In both provinces, rates of notified dengue cases 
were higher in the provincial capital districts than in 
remote districts away from the provincial capitals  
(Fig. 1). The highest annual dengue notification rate 
was recorded in the south-western districts of Savan-
nakhet in 2019, when rates reached 1595 cases per 
100 000 population. Dengue notification rates in both 
provinces were highly variable and not limited to densely 
populated areas.

Sociodemographic characteristics of dengue cases

The sociodemographic characteristics of cases in-
cluding population density, age, sex, occupation and 
nationality were analysed to identify relative dengue 
case burdens. The population density of each district 
in the two provinces was plotted against the dengue 
notification rate to check for correlation. Dengue cases 
were also sub-analysed by case definition, age group, 
occupation and nationality to see which groups were 
most affected.

RESULTS

Dengue mortality and notification rates

From 2003 to 2020, 24 479 dengue cases in Champa-
sak and 28 509 in Savannakhet were recorded (Table 1). 
On average, these two provinces combined accounted for 

Fig. 1. Annual average dengue notification rates in high transmission years by district, Champasak and 
Savannakhet provinces, Lao PDR, 2003–2020
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Table 1. Characteristics of dengue notifications, Champasak and Savannakhet provinces, Lao PDR, 2003–2020

Table 2. Dengue fever notifications, deaths and notified cases as a proportion of national notifications, Champasak 
and Savannakhet provinces, Lao PDR, 2003–2020

Years with high transmission seasons are shown in bold.

Characteristic
Champasak Savannakhet

n % n %

Cases 2003–2020 2003–2020

Male 12 621 51.6 14 750 51.7

Female 11 858 48.4 13 759 48.3

Total 24 479 100 28 509 100

Deaths

Male 41 46.6 46 46.4

Female 47 53.4 53 53.6

Total 88 100 99 100

Case definition

Old classification 2003–2009 2003–2019

Dengue fever 7846 97.5 23 716 85.3

Dengue haemorrhagic fever 138 1.7 3406 12.3

Dengue shock syndrome 60 0.7 676 2.4

Total 8044 100 27 798 100

2009 classification 2010–2020 2022

Dengue without warning signs 13 590 82.7 508 71.4

Dengue with warning signs 2170 13.2 170 23.9

Severe dengue 675 4.1 33 4.6

Total 16 435 100 711 100

Year
No. of cases (% of national total) No. of deaths  

(Champasak and 
Savannakhet)

Total no. of cases 
(Lao PDR)Champasak

(N = 24 479)
Savannakhet
(N = 28 509)

2003 914 (5.2) 6315 (35.7) 42 17 690

2004 700 (20.0) 752 (21.4) 13 3507

2005 1487 (27.2) 795 (14.5) 4 5471

2006 1187 (18.7) 314 (4.9) 1 6356

2007 1284 (26.0) 862 (17.4) 0 4943

2008 1557 (37.5) 1935 (46.6) 12 4149

2009 910 (11.8) 177 (2.3) 5 7706

2010 3029 (13.2) 2512 (11.0) 13 22 929

2011 522 (13.5) 50 (1.3) 4 3871

2012 938 (9.4) 225 (2.2) 3 9952

2013 5387 (12.2) 4959 (11.2) 42 44 171

2014 102 (5.9) 15 (0.9) 0 1716

2015 176 (11.0) 34 (2.1) 0 1600

2016 1343 (23.9) 655 (11.7) 13 5617

2017 732 (13.1) 956 (17.1) 5 11 049

2018 1022 (22.2) 922 (20.0) 11 6446

2019 3145 (8.3) 6320 (16.8) 19 37 700

2020 44 (0.5) 711 (8.6) 0 8305
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Dengue notifications by sociodemographic 
characteristics 

Population density

In both provinces, the highest numbers of dengue no-
tifications were generally observed in the more densely 
populated provincial capitals and their neighbouring 
districts (Fig. 4A). However, when the capitals were re-
moved, the association between dengue notification rates 
and population density was not statistically significant 
(Pearson coefficient = 0.21, P = 0.013) (Fig. 4B).

Age and sex

The 5–14-year age group accounted for the highest pro-
portion of cases, followed by the 15–30-year age group. 
2007 and 2012 were notable for a higher-than-usual 
proportion of dengue notifications in those aged <1 year 
(Fig. 5A).

In all age groups, the majority of dengue infections 
were categorized as DF (or DWOS). The more severe 
cases, those categorized as DHF/DWS and DSS/SD, 
occurred most frequently in those aged 5–14 years old 
(Table 4). Overall, cases were more common in males 
than females (52% vs 48%) (Table 1 and Table 5); this 
male excess was also apparent in most age groups, in 
particular, in the 15–30-year age group. However, in 
absolute terms, the highest number of deaths occurred 
in females, with high case fatality rates recorded in those 
aged under 15 years in both sexes (Table 5). 

Occupation

Across the study period, young children (<5 years), 
students (5–18 years) and farmers have consistently 
experienced the greatest burden of dengue; on average, 
students accounted for 43% of dengue notifications and 
farmers for a further 22% (Fig. 6). However, there has 
been a shift in the distribution of cases by occupation; 
whereas the proportion of cases reported in young 
children and students has fallen (from 84% in 2003 to 
60% in 2019), the proportion of dengue notifications in 
farmers has increased over the same time period (from 
6% to 30%). Dengue cases were especially high among 
farmers in 2007 and 2011, when this group accounted 
for 44% and 45% of all cases, respectively (Fig. 6).

Spatiotemporal variations in LTMs

The LTMs for Champasak and Savannakhet were 113.3 
(24 479/216; 95% confidence interval [Cl]: 86.0–140.5) 
and 132.0 (28 509/216; 95% CI: 92.2–171.7) cases 
per month, respectively. The number of dengue cases 
exceeded the LTM for at least 3 consecutive months in 
10 of the 18 years of the study period (2003–2020) 
in Champasak and in 7 of the years in Savannakhet  
(Fig. 2A). Both provinces experienced extended high-
transmission periods. In Champasak, the LTM was 
exceeded for 7 consecutive months in 2013 (March to 
September) and for 6 consecutive months in 2008, 2010 
and 2019 (March to August). Savannakhet experienced 
five prolonged epidemic periods, three lasting for 7 
months (May to October) in 2003, 2008 and 2013, 
one for 6 months (June to October) in 2010, and one 
for 9 months (April to November) in 2019. The number 
of times the LTM was exceeded was greatest during the 
rainy season (May to September); during the period of 
our study, the LTM was most often exceeded in June and 
July (Fig. 2B).

In a district-level analysis, the highest LTM values 
were generally observed in or near the provincial capi-
tals (Fig. 3A). In Savannakhet province, three districts 
exceeded the LTM threshold for 36-45 months and three 
districts for 46-50 months during the 216-month study 
period during the 216-month study period. In Champa-
sak province, seven districts exceeded the LTM threshold 
for 36–45 months and three districts for 56–58 months 
(Fig. 3B).

Dengue serotypes

Occasional dengue serotype identification conducted by 
the National Center for Laboratory and Epidemiology 
showed that in Savannakhet, DENV-1 was detected in 
9 of the 11 years between 2003 and 2020 for which 
serotype data were available. DENV-2 and DENV-4 
were also relatively common, being present in 6 out of 
11 years, whereas DENV-3 was only found in 2012 and 
2013 (Table 3). However, DENV-3 was responsible for 
at least 80% of all reported dengue cases in Lao PDR in 
2012 and 2013. Data indicate that in more recent years, 
DENV-1 and DENV-4 have been the more dominant 
serotypes, followed by DENV-2, both nationally and in 
the Champasak and Savannakhet provinces (Table 3).
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Fig. 2B 

 

  

 

DISCUSSION

This study describes the long-term dengue epidemic 

profile for Champasak and Savannakhet, two provinces 
in southern Lao PDR. Surveillance data from the two 
provinces indicate a high burden of disease. Moreover, 

Nationality

A total of 218 cases of dengue were recorded among for-
eign nationals residing in Lao PDR. Of these, the highest 
numbers were seen in Chinese and Vietnamese citizens, 
primarily in those engaged in education, rice farming and 
trading activities (Table 6).

Fig. 2. (A) Number of months per year when dengue cases exceeded the long-term mean ; (B) Number of times 
the long-term mean was exceeded each month compared to average monthly rainfall, Champasak and 
Savannakhet provinces, Lao PDR, 2003–2020

A

B
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Fig. 3. (A) Long-term mean of dengue notifications per month, by district; (B) Number of months when the long-
term mean was exceeded, by district, Champasak and Savannakhet provinces, Lao PDR, 2003–2020

intensification, river dam construction in forests and 
associated resettlement of workers and inhabitants in 
remote areas.8 Previous work has also shown a cor-
relation between high density of built-up areas and 
high levels of development and dengue vulnerability 
within Champasak and Savannakhet provinces during 
2003–2019.6 

The LTM method proved useful for identifying not 
only the length of dengue epidemics in each year, but 
also the months with the highest dengue activity and the 
most affected districts. While the LTM remained high in 
eastern Savannakhet and northern Champasak through-
out the study period, districts in central and western Sa-
vannakhet exceeded their LTMs for more months of the 
year than the eastern districts. This signals a change in 
dengue case distributions that may be linked to climatic 
and land cover changes, specifically an increase in mean 
temperature and in the number of new settlements in 
previously remote, less developed areas.6 

especially high transmission seasons were observed in 
2003, 2008, 2010, 2013 and 2019 in both of these two 
southern provinces, and across the country. 

Over the study period, there has been a shift in the 
geographical distribution of cases in these two provinces. 
Dengue notification rates were higher in more districts 
during the 2013 and 2019 high transmission seasons 
compared with 2003, when dengue notifications were 
largely confined to the more densely populated districts 
of western Savannakhet and northern Champasak and 
the provincial capitals. In 2019, four districts in Savan-
nakhet experienced notification rates in excess of 500 
cases per 100 000 population, the highest recorded 
since the start of the study period in 2003. A similar 
pattern of increased emergence in new localities has 
also been reported by neighbouring countries.7 Cham-
pasak and Savannakhet provinces are among the four 
most populated provinces in Lao PDR and have been 
experiencing extensive development due to agricultural 
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in 1983), all four serotypes have been  
co-circulating.9–11 However, DENV-1 and DENV-2 have 
consistently been present throughout much of the  
study period, both across the country as a whole and in  
the two southern provinces in this study, while the  
occurrence of DENV-3 and DENV-4 has been more  
sporadic. Recent data from the Lao PDR arbovirus 
surveillance network suggest that since 2016, there has  
been a steady decrease in the proportion of cases due  
to DENV-4 (from 70% to 4% in 2020) and an increase 
in those caused by DENV-2 (from 7% to 74% in  
2020).10 

Dengue notification rates in both provinces tracked 
the rainy season, with the highest occurrence in June 
and July. The LTMs followed a similar pattern – higher 
monthly LTMs were typically observed for at least  
3 consecutive months between May and October of 
each year. These seasonal and spatial patterns in den-
gue transmission were consistent with those reported in 
neighbouring south-east Asian countries.

Lao PDR has been described as a hyperendemic 
DENV country, and since the first outbreak in the 
country in 1979 (followed by the first major outbreak  

Table 3. Prevailing dengue serotypes in Savannakhet and Champasak provinces and Lao PDR, 2003–2020

Year
Serotype Lao PDRa

Savannakhetb Champasak
 DENV-1 

(%)
DENV-2 

(%)
DENV-3 

(%)
DENV-4 

(%)

2003
DENV-1  
DENV-2
DENV-4

– – – – –

2004 – – – – – –

2005 DENV-1 – – – – –

2006 – – – – – –

2007
DENV-1  
DENV-4

– – – – –

2008 – – – – – –

2009 DENV-1 – – – – –

2010
DENV-1  
DENV-4

– 38 30 22 10

2011 – – 75 12 13 0

2012
DENV-2  
DENV-3

– 11 9 80 0

2013
DENV-1  
DENV-2  
DENV-3

DENV-2  

DENV-39 3 10 87 3

2014 – – 16 17 17 50

2015 – – 82 1 1 16

2016 DENV-4 – 11 2 3 83

2017 – – 21 10 <1 69

2018
DENV-1  
DENV-2  
DENV-4

DENV-1  
DENV-2  

DENV-410
– – – –

2019
DENV-1  
DENV-2 DENV-111 – – – –

2020
DENV-1  
DENV-2  
DENV-4

– – – – –

a Country-level serotype data are taken from the annual report of the National Center for Laboratory and Epidemiology for 2017 (unpublished). The prevailing serotype is 
shown in bold.
b Data are provided by the Savannakhet Health Department.
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Fig. 4. Correlation between population density and average annual dengue notification rate (per 100 000 
population) in districts of Champasak (orange points) and Savannakhet (blue points) provinces, (A) 
including and (B) excluding provincial capitals, Lao PDR, 2003–2020

Fig. 4 

A 

 

  
B 

 

 

A

B

Dengue infections were disproportionately high 
among children and adolescents aged <15 years. How-
ever, there were signs that age-specific notification rates 
are beginning to shift to older age groups, as evidenced 
by the observed 20–30% increase in the number of 
cases in older adolescents and adults (≥15 years) since 
2005 (Fig. 5A). Other south-east Asian countries have 

Population density has been identified as an im-
portant driving factor for high dengue transmission. The 
highest dengue notification rates by far were observed in 
the densely populated provincial capitals in both southern 
provinces. Increasing urbanization and high population 
densities in cities have been associated with an elevated 
dengue risk with a high vector-to-host ratio.1 
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infections that are considered important risk factors for 
severe clinical presentations.4

Dengue case rates among females and males in all 
age groups remain broadly similar, although we observed 
a slightly higher case rate in males aged 15–29 years. 

reported falls in their dengue notification rates among 
those aged <15 years. The increase in notification rates 
in older adults (15–45 years) may be explained by the 
spread of dengue into areas with lower rates of immunity 
among the population. Changes in circulating dengue 
virus serotypes12 may also have led to a rise in secondary 

Fig. 5. (A) Total number of dengue notifications by age group; (B) Distribution of dengue notifications by age 
group and year, Lao PDR, 2003–2020

 

 

A

B
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Table 4. Dengue notifications by case definition and age group, Champasak and Savannakhet provinces, Lao 
PDR, 2003–2020 (percentage of total)

Table 5. Dengue cases and deaths by age group and sex, Champasak and Savannakhet provinces, Lao PDR, 
2003–2020

Fig. 6. Proportion of dengue notifications by occupation and year, Champasak and Savannakhet provinces,  
Lao PDR, 2003–2020

Dengue case definition 
(old classification/2009 classification)

Age group (years)

<1 1–4 5–14 15–29 30–44 45–59 ≥60

Dengue fever/dengue without warning signs 93.6 87.3 79.0 90.1 92.7 94.8 95.5

Dengue haemorrhagic fever/dengue with warning signs 5.7 10.4 15.7 8.7 6.7 5.0 4.0

Dengue shock syndrome /severe dengue 0.6 2.3 5.3 1.1 0.7 0.2 0.5

 

Dengue cases, n (%) Dengue deaths, n (%)

Age group (years) Female Male Female Male

<1 112 (0.2) 154 (0.3) 1 (0.89) 0 (0)

1–4 1751 (3.4) 1836 (3.6) 17 (0.97) 16 (0.87)

5–14 9726 (18.8) 10 072 (19.5) 67 (0.69) 57 (0.57)

15–29 8120 (15.7) 9528 (18.4) 11 (0.14) 12 (0.13)

30–44 3214 (6.2) 3294 (6.4) 4 (0.12) 2 (0.06)

45–59 1453 (2.8) 1304 (2.5) 1 (0.07) 0 (0)

≥60 632 (1.2) 479 (0.9) 1 (0.16) 0 (0)
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before the rainy season. As farmers and students under 
the age of 30 were the most affected groups, combined 
efforts by the education, agriculture and health ministries 
to make these groups more aware of the disease risks are 
recommended. Interventions could include awareness-
raising and educational programmes on effective indoor 
dengue vector control and preventive measures delivered 
through seminars and medical camps in villages and edu-
cational institutions (primary to university level). These 
could build on the success of the training in epidemic 
control aimed at village health volunteers, village heads 
and community schoolteachers currently provided by the 
International Federation of Red Cross and Red Crescent 
Societies, which have helped to increase villagers’ and 
communities’ health preparedness and response. In ad-
dition, community-level initiatives to control the spread 
of dengue should be encouraged; such initiatives might 
include reducing use of water storage containers, promot-
ing use of larvicides to prevent mosquito breeding, use of 
mosquito nets and repellents in homes and in agricultural 
fields and increasing awareness of the risks posed by the 
accumulation of waste near households.
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Similarly, dengue case data reported through national 
surveillance systems of other countries in the WHO South-
East Asia and Western Pacific regions indicate that adult 
males aged >15 years are consistently at higher risk of 
infection than females.13 

In this study, students and farmers were identified 
as being at higher risk of dengue infection compared with 
other occupational subgroups, a finding that is consistent 
with that of another study from Lao PDR, which also 
found that farmers were the second most affected occu-
pational group.14 Dengue vectors are most active during 
the daytime. The primary dengue vector, Ae. aegypti, 
is predominantly found indoors, which may account for 
increased exposure of children and students given that 
this group spends much of their day inside their homes 
or classrooms. Farmers may have greater exposure to the 
secondary vector, Ae. albopictus, which oviposits in tree 
holes and leaf axile.14 

The data collected by provincial health departments 
inherently come with a few limitations: these include 
uncertainty in reporting, misdiagnosis and misreporting 
of symptomatic dengue, and absence of subclinical and 
asymptomatic infections. For confirmed dengue infections, 
the serotypes were rarely identified. Travel-related infections 
are also common in these provinces, but this information 
was not included in the data and not easy to trace.

In conclusion, this study has characterized the 
spatiotemporal trends in dengue transmission in southern 
Lao PDR. Since passive national surveillance data do not 
always include serotype and entomological information, 
it is recommended that detailed seroprevalence studies 
be conducted to further understand dengue epidemiology 
in Lao PDR. Such studies performed country-wide could 
help public health authorities develop improved action 
plans to implement vector control activities each year 

Table 6. Number of dengue notifications among foreign nationals (N = 218), by nationality and occupation, 
Champasak and Savannakhet provinces, Lao PDR, 2003–2020

Nationality
Occupation

All Children Students Service Farmers Commerce Monks Other

All 218 12 21 3 40 110 3 29

Vietnamese 117 8 16 2 28 36 3 24

Chinese 97 3 5 0 10 74 0 5

Other 4 1 0 1 2 0 0 0
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Case Report

Tuberculosis (TB) is endemic to many 
underdeveloped and developing nations, while 
melioidosis is endemic only to certain tropical 

regions, in particular Thailand, northern Australia 
and south-east Asia.1,2 Of these two infections, TB 
is by far more common and is encountered almost 
everywhere in the world. Melioidosis is less common 
but is now being reported in traditionally non-endemic 
countries due to increasing population movement.3 
Melioidosis is caused by Burkholderia pseudomallei, 
a Gram-negative, aerobic, saprophytic, non-fermenting 
bacillus commonly found in the soil in endemic regions, 
especially in irrigated agricultural fields and in surface 
water. The incidence of melioidosis increases during 
the wet season.2 It is usually transmitted by inhalation; 
direct contact with infected rodents, food, soil, water or 
excreta; and inoculation from contaminated soil through 
abrasions or lesions in the skin.2 The most common 
risk factors are occupational exposure, alcoholism 
and immunosuppressive conditions, such as diabetes 
mellitus (DM), renal disease and thalassaemia.2 In 

Brunei Darussalam, the most commonly associated 
risk factors are DM, end-stage renal disease and 
thalassaemia.4

Melioidosis has a wide range of manifestations,  
including asymptomatic infection, but the most common 
is chronic pneumonia that mimics TB, as well as localized 
skin ulcers or abscesses, and fulminant septic shock 
with multiple abscesses in internal organs. Melioidosis 
has been reported to manifest up to decades after initial 
exposure.2 TB and melioidosis share many similarities, 
from risk factors to varied manifestations that can 
pose a diagnostic challenge, especially in non-endemic 
countries where there is less awareness of melioidosis. 
Despite both TB and melioidosis being endemic in 
some countries, including Brunei Darussalam and 
other parts of the World Health Organization’s Western 
Pacific Region, coinfection is uncommon. To date, there 
have been only 13 cases of coinfection reported in 
the literature, with most reported during the past 10 
years, highlighting a recent increase and the importance 

a Department of Medicine, Pengiran Muda Mahkota Pengiran Muda Haji Al-Muhtadee Billah Hospital, Tutong, Brunei Darussalam.
b Department of Medicine, Raja Isteri Pengiran Anak Saleha Hospital, Bandar Seri Begawan, Brunei Darussalam.
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Both tuberculosis (TB) and melioidosis are endemic to certain parts of the world, including Brunei Darussalam, with TB 
being more widespread. Despite this, coinfection with TB and melioidosis is rarely encountered and reported. Although still 
uncommon, there has been an increase in the number of cases of this coinfection reported during the past 10 years, all 
of which have been in India and the World Health Organization’s Western Pacific Region. We report a case of coinfection 
with pulmonary TB and melioidosis in a patient with poorly controlled diabetes mellitus. This 64-year-old man presented 
with symptoms and radiological features of pulmonary TB, confirmed by sputum smear, but sputum culture also yielded 
Burkholderia pseudomallei, the pathogen that causes melioidosis. Coinfection was detected due to our practice of routinely 
screening for other infections in patients suspected or confirmed to have pulmonary TB. This highlights the importance of 
awareness of melioidosis and the need to consider screening for infection, especially in endemic regions.
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using Gram’s staining and biochemical reactions (i.e. 
auramine stain and antibiotic susceptibility testing). 
Antibiotic susceptibility testing was performed and 
interpreted using VITEK 2 and API 20NE (bioMérieux, 
Marcy-l’Étoile, France), and testing showed universal re-
sistance to aminoglycosides. Blood culture was negative 
for B. pseudomallei. Sputum culture for mycobacteria 
confirmed pansensitive M. tuberculosis. Screening tests 
for HIV and hepatitis B and C were negative. Computed 
tomography (CT) imaging of the thorax, abdomen and 
pelvis, to assess for melioidosis involvement in other or-
gans, showed only consolidation with volume loss in the 
left upper pulmonary lobe and the tree-in-bud sign (Fig. 
2). There was no intra-abdominal organ involvement.

The patient was treated for coinfection with meli-
oidosis and PTB. He was started on an intensive phase 
of intravenous ceftazidime (2 mg three times daily for 3 
weeks), followed by maintenance therapy with a double 
dose of co-trimoxazole (sulfamethoxazole + trimetho-
prim, 800/160 mg twice daily for 10 weeks). He was 
also started on standard anti-TB therapy: an intensive 
phase with rifampicin (600 mg daily), isoniazid (300 mg 
daily), pyrazinamide (1.5 g daily) and ethambutol (900 
mg daily) for 3 months and streptomycin (1 g daily) for  
1 month, followed by a continuation phase with rifampicin 
(600 mg daily), isoniazid (300 mg daily) and ethambu-
tol (900 mg daily) for 6 months. Pyridoxine 25 mg once 
daily was also given. Weekly liver profile monitoring for  
1 month showed no hepatotoxic effects. While the 
patient was hospitalized, hyperglycaemia was managed 
with dietary adjustments and insulin therapy, and he 
was later converted to using oral hypoglycaemic agents. 
He became symptom-free within 7 days of starting 
treatment. He was discharged after three consecutive 
negative sputum AFB tests, and he continued the 
stipulated period of directly observed therapy for PTB 
and melioidosis treatment. A repeat CXR 3 months 
after the first showed marked improvement (Fig. 3). He 
completed 9 months of treatment for PTB and 3 months 
of melioidosis treatment, and was completely recovered 
at the end of therapy.

DISCUSSION

Both PTB and melioidosis are common in Brunei Darus-
salam.4,15 TB is a notifiable disease in Brunei Darus-
salam, whereas melioidosis is not. Annually, an average 
of 227 TB cases were recorded in Brunei Darussalam 

of awareness of these coinfections.5–14 This report 
documents a case of coinfection with pulmonary TB 
(PTB) and melioidosis in a patient with poorly controlled 
DM in Brunei Darussalam.

CASE REPORT

A 64-year-old man with type II DM, hypertension and 
dyslipidaemia was admitted with a chronic cough of  
3 months’ duration that had recently worsened, becom-
ing more productive with sputum. Sputum had been 
purulent and mixed with fresh blood for 1 week. He also 
had moderate weight loss of around 5 kg in 3 months. 
He had been an ex-smoker for more than 10 years 
and had no history of alcohol consumption. He had a 
long-standing history of poorly controlled DM (defined 
as glycated haemoglobin, or HbA1c, >8.5%) and was 
noncompliant with his medications. He had retired from 
office work 6 years previously and had never done any 
farming or agricultural work. He had no history of TB or 
contact with patients with PTB.

On examination, he was afebrile (temperature, 
35.6 °C) and was not in any distress. He had mild pallor 
but no cyanosis, clubbing or lymphadenopathy. There 
were coarse crepitations and mild rhonchi heard over 
the left lung fields. Laboratory investigation showed 
normal haemoglobin (13.1 g/dL, normal range [NR]: 
13.5–17.9), liver function (including serum albumin) and 
renal function tests, total leukocyte count (67.4% neu-
trophils, 11.6% monocytes, 17.9% lymphocytes, 2.3% 
eosinophils), and an elevated erythrocyte sedimentation 
rate (66 mm/hour, NR: 1–20) and blood glucose (21.2 
mmol/L, NR: 4–7.7). Serum HbA1c was very high at 
15% (NR: 6.5%, preferred <7.2% for DM). Chest X-ray 
(CXR) showed extensive interstitial opacities as well as 
cavities (Fig. 1). Ultrasonography of the abdomen and 
pelvis was normal.

PTB was suspected, and three consecutive morn-
ing sputum samples were sent for acid-fast bacilli (AFB) 
smear and culture, as well as bacterial culture, as part of 
our routine protocol. All three specimens were positive 
for AFB on Ziehl–Neelsen staining. A line-probe assay 
(GenoType MTBDRplus version 2, Hain Lifescience, 
Nehren, Germany) did not detect resistance to isoniazid 
or rifampicin. In addition to Mycobacterium tuberculosis, 
sputum microbial culture also isolated B. pseudomal-
lei. Identification was done with standard techniques 
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Fig. 1. Initial chest X-ray of a 64-year-old man 
showing extensive changes in the left lung 
field, including small cavities

Fig. 2. Axial computed tomography of a 64-year-
old man showing (a) consolidation of 
the left upper lobe with volume loss and  
(b) the pulmonary tree-in-bud sign associated 
with tuberculosis affecting the peripheral 
pulmonary parenchyma (dotted oval)

the diagnosis of PTB and of melioidosis was 1 year. 
Whether pulmonary melioidosis was already present at 
the time of PTB diagnosis is unknown; the patient’s only 
risk factors were working as a welder and travelling to 
the Philippines, another country endemic for both TB 
and melioidosis.

One study from India reported on melioidosis dur-
ing an 8-year period (2007–2015): only two cases of 
coinfection occurred in 65 cases of pulmonary melioido-
sis, for a prevalence of 3.1%.11 Another study from India 
looked at 301 patients with pyrexia of unknown origin 
and identified three cases of coinfection, for a prevalence 
of 1%.9 A mathematical modelling study from Thailand, 
where TB and melioidosis are endemic, estimated a 
very low coinfection rate of 0.0085/100 000 popula-
tion compared with 4.96/100 000 for melioidosis and  
171/100 000 for TB.16

between 2013 and 2018, for a rate of 54/100 000 
population per year.15 The incidence of melioidosis has 
been increasing in Brunei Darussalam from 2.9/100 
000 in 1993 to 16.3/100 000 in 2018.4 Our case 
represents the second case of coinfection with TB and 
melioidosis reported in Brunei Darussalam. The first 
case, reported in 2020, was in a 39-year-old woman 
with poorly controlled DM and manifested in a neck 
abscess.13 In that case, melioidosis was initially diag-
nosed and only after surgical drainage and histological 
examination of the resected tissue was TB diagnosed. 
As in other countries, poorly controlled DM is the most 
important risk factor for melioidosis in Brunei Darus-
salam.4 Similarly, DM is an important risk factor for TB, 
and one third of our patients with TB already have DM or 
are diagnosed within 6 months of their TB diagnosis.15

A literature search identified 10 reports of 13 
cases of coinfection with TB and melioidosis (Table 
1).5–14 All but one occurred in males; their ages ranged 
from 39 to 64 years, and DM was the most common 
risk factor. Not all patients reported environmental or 
occupational exposure. Pulmonary coinfection was the 
most common manifestation, followed by neck abscess. 
All patients were successfully treated. The patient in 
the case reported by Kim et al.10 was initially treated 
for PTB, but symptoms and pulmonary changes per-
sisted. Pulmonary melioidosis was diagnosed only after 
surgical resection. In that case, the interval between 

a

b
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As with any infectious disease, awareness is im-
portant. Although melioidosis is increasingly reported 
in non-endemic regions, awareness is mainly limited to 
endemic regions.2 Despite the availability of treatment, 
the fulminant form of melioidosis is associated with 
40% mortality.2 In contrast, TB is well recognized and 
awareness is almost universal.1 Similar to melioidosis, 
manifestations of TB are varied and any organ can be 
affected. TB is still associated with significant morbidity 
and remains an important cause of mortality, especially 
if left untreated or if treatment is delayed.

Diagnosing PTB is often straightforward, but ex-
trapulmonary TB can be extremely difficult, especially 
if laboratory confirmation is needed because laboratory 
investigations may overlap for the two types of TB. Chest 
imaging such as CXR can aid in diagnosis because for 
PTB it may show upper lobe changes and manifestations 
such as fibrosis and bronchiectasis. CT imaging can also 
provide useful clues: active PTB is often associated with 
the tree-in-bud sign,17 as seen in our patient. However, 
this sign can also be seen in other pulmonary pathologies. 
Other changes include lobular consolidation, cavitation 

Fig. 3. Repeat chest X-ray of a 64-year-old man 
done almost 3 months after the first X-ray, 
showing improvement

Table 1. Summary of 14 reported cases of coinfection with tuberculosis and melioidosis

Author Year Country
No. of 
cases

Age/sex
Risk  

factors
Occupation

Manifestation
Outcome

TB Melioidosis

Azali et al.5 2007 Malaysia 1 49/M NA NA
Hepatic (histology 
showing acid-fast 
bacilli)

Liver abscess 
(pus)

Survived

Shenoy et al.6 2009 India 1 40/M Diabetes
Agriculture 
(paddy field)

Neck abscess Neck abscess Survived

Shetty et al.7 2010 India 1 40/M Diabetes Agriculture
Pulmonary (diagnosed 
by bronchoalveolar 
lavage)

Pulmonary 
(sputum)

Survived

Sulaiman et al.8 2013 Malaysia 1 54/M Diabetes
Palm oil 
plantation worker

Cervical abscess
Cervical 
abscess

Survived

Sankar et al.9 2014 India 3 NA NA NA NA NA NA

Kim et al.10 2015
Republic 
of Korea

1 60/M None Welder Pulmonary Pulmonary Survived

Patra et al.11 2017 India 2 NA NA NA Pulmonary Pulmonary NA

San Martin et al.12 2018 Philippines 1 59/M None NA Pulmonary
Pulmonary 
and cutaneous 
(soft tissue)

Survived

Yap et al.13 2020
Brunei 
Darussalam

1 39/F
Diabetes 
(newly 
diagnosed)

Clerk in agricul-
ture department

Neck Neck Survived

Tan14 2020 Singapore 1 64/M Alcohol Cable joiner
Disseminated: gastro-
intestinal, pulmonary, 
splenic

Splenic Survived

Current report 2022
Brunei 
Darussalam

1 64/M Diabetes
Retired office 
worker

Pulmonary Pulmonary Survived

F: female; M: male; NA: not available; TB: tuberculosis.
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Case Report

Nosocomial infection among immunocompromised 
patients is an emerging problem commonly 
encountered with multidrug-resistant Gram-

negative bacteria. Ralstonia spp. are waterborne Gram-
negative bacteria, ubiquitous opportunistic environmental 
pathogens characterized as strong biofilm producers that 
are resistant to most antimicrobials. Notable strains are 
R. pickettii, R. mannitolilytica and R. insidiosa.1

R. insidiosa has recently had increasing clinical rel-
evance,2 especially in hospitals, because it can survive in 
different ultra- or high-purification water systems used for 
industrial and laboratory methods.3,4 It can contaminate 
purified or distilled water used for medicinal procedures 
or products, and can survive in low-nutrient states and 
be resistant to commonly used antimicrobial agents such 
as chlorhexidine.5 The emergence of R. insidiosa as a 
causative agent of nosocomial infections was reported 
among immunocompromised individuals in the Czech 
Republic, where it led to bacteraemia among eight 
haemodialysis patients owing to contaminated haemodi-

alysis solutions.6,7 A recent report from a Chinese tertiary 
hospital has noted the emergence of multidrug-resistant  
R. insidiosa in clinical isolates.8

In January 2021, the Department of Internal Medi-
cine – Infectious Disease and Infection Prevention and 
Control Committee (IPCC) in the Philippines declared an 
outbreak in a haemodialysis unit in Baguio City when 
three patients were identified with Ralstonia bacterae-
mia. Haemodialysis sessions were suspended until the 
investigation was completed. The objectives of this study 
were to describe the three cases of Ralstonia bacterae-
mia and to report the identification process and control 
measures implemented for this outbreak of R. insidiosa 
in a haemodialysis unit in Baguio City.

CASE SERIES

In this study, a confirmed case was defined as a patient 
who underwent haemodialysis and experienced a tem-
perature of more than 38.5 °C or chills during or after 
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Ralstonia insidiosa is an opportunistic pathogen considered an emerging problem among clinically vulnerable populations 
such as those with chronic kidney disease. This study presents three cases of Ralstonia bacteraemia among chronic kidney 
disease patients in a haemodialysis unit in Baguio City, the Philippines. Case 1 was an elderly male who experienced chills 
during two concurrent dialysis sessions. Case 2 was a young female who also experienced chills and dizziness during a 
dialysis session; as this was thought to be related to hypotension, she was admitted. Case 3 was an elderly female with 
known hypertension and diabetes who had been newly diagnosed with chronic kidney disease; she was brought to the 
emergency room hypotensive, dyspnoeic and disoriented with deranged laboratory parameters and was admitted to the 
intensive care unit. All three cases had blood cultures positive for R. insidiosa with an attack rate of 1.67%. Drug and device 
tracing were conducted and environmental samples collected to identify the source of infection. A sample from the faucet 
of the reprocessing machine in the haemodialysis unit that was positive for Ralstonia spp. was the source of the outbreak. 
Control measures were implemented and the haemodialysis unit was thoroughly cleaned. No further cases were reported, 
with active surveillance continuing until January 2022. Taken with previously published outbreaks, these findings suggest 
that medical products and devices can be contaminated with Ralstonia spp. and cause illness. Early identification of cases 
and the source of infection is required to prevent large outbreaks in this vulnerable population.

Outbreak of Ralstonia bacteraemia among 
chronic kidney disease patients in a 
haemodialysis unit in the Philippines
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ward. Her chest tube was removed and the tip sent for 
culture. Blood samples from two sites were submitted for 
culture and antibody sensitivity testing. The chest tube 
tip culture was positive for Enterococcus faecalis and the 
blood culture was positive for bacteraemia with R. insidi-
osa. Cefepime 500 mg intravenous once daily for 7 days 
was given for the Ralstonia bacteraemia. The patient 
recovered from the bacteraemia and was discharged.

Case 3

Case 3 was a 69-year-old female with known hyperten-
sion and diabetes mellitus. She had a 1-month history 
of bipedal oedema with decreasing urine output. She 
reported shortness of breath and progressive bipedal 
oedema in November 2020. She attended a different 
hospital where initial tests detected elevated creatinine, 
after which she was admitted and managed as a newly 
diagnosed chronic kidney disease patient secondary to hy-
pertensive nephrosclerosis versus diabetic nephropathy. 
On 20 December 2020, the patient had bradycardia and 
hypotension at 80/50 mmHg and was given a dopamine 
drip. She was referred to our institution for haemodialysis 
the next day.

The patient arrived at the emergency room with 
symptoms of drowsiness, disorientation and episodes 
of desaturation at 79% when on room air, and was 
afebrile. She had anicteric sclera, slightly pale palpe-
bral conjunctiva and positive neck vein engorgement. 
Her chest findings had crackles in the middle and 
basal lobes. The patient had bradycardia with irregular 
rhythm and no murmurs. Extremities had pitting bipedal 
oedema, grade 3.

The patient was assessed as having acute respira-
tory failure secondary to encephalopathy, which had re-
sulted from chronic kidney disease, newly diagnosed, and 
itself the result of hypertensive nephrosclerosis versus 
diabetic nephropathy, complicated urinary tract infec-
tion, pulmonary congestion, metabolic acidosis, multiple 
electrolyte imbalance and anaemia; uncontrolled stage 
2 hypertension; diabetes mellitus type 2, non-obese, 
non-insulin requiring; and suspected coronavirus disease 
(COVID-19). The patient was admitted to the intensive 
care unit for close monitoring and further management, 
and was then initiated on haemodialysis. A complete 
blood count revealed increased white blood cells with 
neutrophilic predominance. Blood culture detected the 

the session with a positive blood culture for R. insidiosa 
from December 2020. Clinical histories and laboratory 
examinations were reviewed for all reported patients. 
Active surveillance, whereby symptomatic patients from 
the haemodialysis unit had specimens collected for 
blood culture and sensitivity testing, was initiated, and 
continued until January 2022. All specimens underwent 
sensitivity testing for a range of antibiotics.

Three patients from the haemodialysis unit fit the 
case definition (Table 1). The haemodialysis centre has 
30 units catering to 180 dialysis patients; thus, the at-
tack rate was 1.67%.

Case 1

Case 1 was a 70-year-old male with known stage 5 
chronic kidney disease secondary to hypertensive nephro-
sclerosis. He was on maintenance haemodialysis twice a 
week at the haemodialysis unit. During a haemodialysis 
session on 9 December 2020, the patient experienced 
chills with no associated chest pain or fever. A specimen 
was collected for blood culture and sensitivity testing 
before discharge from the haemodialysis unit. Three days 
later, the patient underwent his next regular haemodi-
alysis with recurrence of chills. After haemodialysis, the 
patient was sent to the emergency room. He was awake, 
comfortable, not in distress and had stable vital signs. 
The patient has an intact right internal jugular catheter. 
He was sent home and advised to continue maintenance 
medications and haemodialysis. The blood culture 
revealed growth of R. insidiosa. He was prescribed co-
trimoxazole 800/160 one tablet daily for 7 days for the 
bacteraemia. The patient recovered from the bacteraemia 
and was discharged.

Case 2

Case 2 was a 32-year-old female with known stage 5 
chronic kidney disease secondary to chronic glomeru-
lonephritis. She was on haemodialysis twice a week. A 
few hours before admission to the haemodialysis unit on  
17 December 2020, she experienced chills, dizziness and 
body weakness, with hypotension at 80/60 mmHg. A 
500 mL fast drip of normal saline solution was given and 
haemodialysis continued. As the chills and body weak-
ness persisted, the haemodialysis was terminated and 
the patient was transferred to the emergency room. She 
was diagnosed with sepsis and admitted to the isolation 
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radiobacter, Bacillus spp., Sphingomonas paucimobilis, 
Pseudomonas putida, Pseudomonas stutzeri, Acineto-
bacter baumannii, Delftia acidovorans, Serratia plym-
uthica, Aeromonas hydrophila, Aeromonas punctata, 
Klebsiella oxytoca, coagulase-negative staphylococci, 
Staphylococcus epidermidis, Staphylococcus haemo-
lyticus and Leclercia adecarboxylata (Table 3). The 
faucet of the reprocessing machine was the only site 
that was positive for Ralstonia species.

Standard and contact infection, prevention and 
control precautions and disinfection of equipment and 
the environment were implemented in the haemodi-
alysis unit. The unit was monitored for effectiveness 
of these preventive measures with follow-up environ-
mental swabs taken to ensure elimination of the source 
of infection. The wide range of organisms found in the 
haemodialysis unit indicates the need for maintaining 
a thorough general cleaning and regular disinfection 
protocol to prevent opportunistic infections. Upon the 
results of the environmental testing, thorough disinfec-
tion and general cleaning of the haemodialysis unit was 
conducted.

DISCUSSION

Three cases of Ralstonia insidiosa infection were de-
tected within the haemodialysis unit and were linked to 
a contaminated faucet in the haemodialysis reprocessing 
machine. Upon detection of these cases, haemodialysis 
sessions were suspended and an investigation com-
menced. Environmental evidence determined the source 
of infection, after which the faucet of the haemodialysis 

growth of R. insidiosa. Co-trimoxazole 800/160 one 
tablet daily for 7 days was given for the bacteraemia. 
The patient recovered from the bacteraemia and was 
discharged.

Antibiotic susceptibility testing

Antibiograms of cases 1 and 2 were both resistant to 
amikacin and gentamicin with sensitivity to most of 
the other antibiotics tested. Case 2 was also resistant 
to piperacillin-tazobactam. Case 3 was sensitive or had 
intermediate results for all antibiotics (Table 2).

INVESTIGATION AND CONTROL MEASURES

A review of all drugs and devices used for each case 
from 15 days before the onset of symptoms until the 
confirmation of Ralstonia bacteraemia was conducted. 
On 10–15 January 2021, environmental samples were 
collected from 44 sites throughout the haemodialysis 
unit, including reprocessing tubing, faucets, suction 
tubing, suction containers, water sources, venous or 
arterial site coupling machines and bleach source 
machines. Samples were also collected from supplies, 
disinfectants, working areas and devices. All samples 
were cultured by the hospital’s Department of Pathol-
ogy for identification to the genus level only. Sensitivity 
testing was not conducted as per the hospital protocol 
for environmental samples.

Of the 44 collected samples, 25 were positive 
for a range of organisms, including: Ralstonia spp., 
Aeromonas spp., Pseudomonas aeruginosa, Rhizobium 

Table 1. Clinical characteristics of three cases of Ralstonia bacteraemia detected among chronic kidney disease 
patients at a single institution in Baguio City, the Philippines, 2020

Characteristics Case 1 Case 2 Case 3

Onset date 9 December 17 December 20 December

Age/Sex 70/Male 32/Female 62/Female

Comorbidities
Chronic kidney disease, 

hypertension
Chronic kidney disease,  

hypertension
Chronic kidney disease,  

hypertension, diabetes mellitus

Haemodialysis access Right internal jugular catheter Right internal jugular catheter Right internal jugular catheter

Time on haemodialysis 1 year 1 year 2 months

Presenting symptoms Chills Chills, hypotension Disoriented, hypotension, fever

Treatment received for 
bacteraemia

Co-trimoxazole 800/160  
1 tablet once daily for 7 days

Cefepime 500 mg 
intravenous 

once daily for 7 days

Co-trimoxazole 800/160  
1 tablet once daily for 7 days

Outcome Discharged Discharged Discharged
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Table 2. Antibiogram of R. insidiosa isolates in blood cultures in the three clinical cases of Ralstonia bacteraemia 
detected among chronic kidney disease patients at a single institution in Baguio City, the Philippines, 2020

Table 3. Environmental samples from a haemodialysis unit where Ralstonia bacteraemia was detected  
among chronic kidney disease patients by site and results at a single institution in Baguio City, the 
Philippines, 10–15 January 2021

Antimicrobial
Case 1 Case 2 Case 3

MIC 
(μg/mL)

Interpretation
MIC 

(μg/mL)
Interpretation

MIC 
(μg/mL)

Interpretation

Amikacin ≥64 R ≥64 R 8 S

Cefepime 2 S 4 S ≤1 S

Ceftazidime 16 I 16 I ≤1 S

Ciprofloxacin ≤0.25 S ≤0.25 S ≤0.25 S

Gentamicin ≥16 R ≥16 R 8 I

Imipenem 2 S 2 S 2 S

Meropenem 4 S 4 S 2 S

Piperacillin/Tazobactam 64 I ≥128 R 64 I

Trimethoprim/Sulfamethoxazole ≤20 S ≤20 S ≤20 S

I: intermediate; MIC: minimum inhibitory concentration; R: resistant; S: sensitive.

Sites Growth

1. Faucet, reprocessing machine Ralstonia spp.

2. Reprocessing tubing, station 2 Aeromonas spp.

3. Reprocessing tubing, hep c Pseudomonas aeruginosa

4. Reprocessing tubing, hep b No growth after 48 hours of incubation

5. Water processing machine knobs Rhizobium radiobacter

6. Point of use No growth after 48 hours of incubation

7. Product tank No growth after 48 hours of incubation

8. Acid mixer faucet No growth after 48 hours of incubation

9. Bubbler, station 3 Bacillus spp.

10. Oxygen port, station 20 Sphingomonas paucimobilis

11. Oxygen port, station 18 No growth after 48 hours of incubation

12. Panasonic refrigerator Bacillus spp.

13. Suction tubing 1 No growth after 48 hours of incubation

14. Suction tubing 2 No growth after 48 hours of incubation

15. Suction container 1 Pseudomonas putida

16. Suction container 2 No growth after 48 hours of incubation

17. Suction container 3 No growth after 48 hours of incubation

18. Venous site coupling, machine 30 Pseudomonas stutzeri

19. Arterial site coupling, machine 30 Acinetobacter baumannii

20. Water source, machine 30 No growth after 48 hours of incubation

21. Citro clean, machine 30 No growth after 48 hours of incubation

22. Bleach source, machine 30 No growth after 48 hours of incubation

23. Chair, machine 30 Staphylococcus haemolyticus

24. Venous site coupling, machine 13 No growth after 48 hours of incubation

25. Arterial site coupling, machine 13 No growth after 48 hours of incubation
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the Czech Republic, eight cases of central venous cath-
eter infections by Ralstonia insidiosa were observed; all 
isolates from cases had antibiotic sensitivities to beta-
lactams and fluoroquinolones and were resistant to ami-
noglycosides.9 Two isolates from this study had similar 
antibiotic sensitivities to fluoroquinolones, sulfonamide 
and carbapenems and resistance to aminoglycosides. 
One case’s isolate had antibiotic sensitivity to almost all 
drug classes with no resistance.

In conclusion, three patients with chronic kidney 
disease who required haemodialysis developed bac-
teraemia with R. insidiosa. All three cases had good 
clinical outcomes after identification of the organism 
and specific antibiotic treatment. The source of the con-
tamination was identified through environmental testing 
of possible sites within the haemodialysis unit and 
was determined to be the faucet of the haemodialysis 
reprocessing machine. Taken with previously published 
outbreaks of Ralstonia spp., these findings suggest that 
medical products and devices can be contaminated 
with these species and should be suspected when cases 
are detected. Early identification of these cases and the 
source of infection is required to prevent large outbreaks 
and to ensure protection of vulnerable populations such 
as immunosuppressed patients with end-stage renal 
disease on haemodialysis.

reprocessing machine was appropriately disinfected and 
cleaning of the haemodialysis unit was initiated. No fur-
ther cases have been reported, with active surveillance 
continuing until January 2022. Several other outbreaks 
have been reported involving contaminated haemodialy-
sis water as the source of infection.10,11

The low attack rate of 1.67% suggests that the 
three cases were more vulnerable to infection; however, 
most patients who require dialysis have similar disease 
profiles with additional comorbidities and are of older 
age. The finding that cases had the same access site of 
the internal jugular haemodialysis catheter does not con-
tribute to increased vulnerability. Right-sided catheters 
do not relate to increased catheter-related dysfunction 
and infection. It is therefore possible that they had a 
greater chance of exposure to the source of infection.12

Treatment for the three cases in this study was 
7 days of cefepime and co-trimoxazole only, given ac-
cording to the sensitivity of the isolates. In other pub-
lished outbreaks, most Ralstonia infections are treated 
with ciprofloxacin, amikacin piperacillin-tazobactam, 
meropenem or a combination of aminoglycosides and 
cephalosporins with a good response.8–10 There are no 
current standard recommendations for drugs or duration 
of treatment of Ralstonia bacteraemia. In a report from 

Sites Growth

26. Water source, machine 13 Delftia acidovorans

27. Bleach source, machine 13 No growth after 48 hours of incubation

28. Citro clean, machine 13 No growth after 48 hours of incubation

29. Oxygen tank, station 4 No growth after 48 hours of incubation

30. E-cart supply box No growth after 48 hours of incubation

31. Oxygen port, station 20 No growth after 48 hours of incubation

32. Water source, pantry Serratia plymuthica

33. Pantry sink, faucet Aeromonas, hydrophila; Aeromonas punctata; Klebsiella oxytoca

34. Water dispenser Bacillus spp.

35. Locker handles Staphylococcus condimenti

36. Telephone Pseudomonas stutzeri

37. Keyboard and mouse, station 2 Coagulase-negative staphylococci

38. Keyboard and mouse, station 1 Coagulase-negative staphylococci

39. Medicine table drawer handle Staphylococcus epidermidis

40. Medicine preparation table Bacillus spp.

41. Main door handle Staphylococcus haemolyticus

42. Dialysis stretcher Pseudomonas stutzeri

43. Weight log Leclercia adecarboxylata

44. Working area Pseudomonas stutzeri
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COVID-19: Original Research

The coronavirus disease 2019 (COVID-19) 
pandemic, caused by infection with severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), 

continues, bringing significant morbidity and mortality. 
As of 15 September 2022, there were more than 607 
million confirmed cases and nearly 6.5 million deaths 
worldwide.1 Since the pandemic began, there has been 
a rapid increase in understanding of the disease and its 
management, with swift development and approval of 
vaccines and therapeutics. In Brunei Darussalam, the 
first wave of the COVID-19 pandemic started on 9 March 
2020 with the detection of the first case, a patient who 
had attended a religious gathering in a neighbouring 
country. The last community case was detected on 6 
May 2020, with a total of 141 cases reported at that 
point. Only imported cases were detected until the 
second wave started on 7 August 2021, during which 
the predominant SARS-CoV-2 strain was confirmed to be 

Delta (B.1.617.2).2 The third wave, caused by the more 
infectious Omicron strain, started on 5 February 2022.3

COVID-19 is predominantly a respiratory illness. 
Common symptoms include fever, cough, fatigue, body 
aches, sore throat, anosmia and ageusia/dysgeusia.4 
Severe symptoms include shortness of breath and chest 
pain. Symptoms may appear 2–14 days after exposure 
and usually last 5–7 days, but they can be prolonged, re-
sulting in more severe illness. Clinically, COVID-19 ranges 
from an asymptomatic presentation to severe pneumo-
nia requiring ventilatory support and causing death. 
Nonrespiratory symptoms may also occur, including 
cardiovascular, gastrointestinal, neurological and cutane-
ous symptoms.5 In earlier reports from China, anosmia 
and ageusia were not recognized as typical COVID-19 
symptoms, but they are currently acknowledged as 
distinctive symptoms.6–8 Differences in symptoms and 
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b Department of Medicine, Raja Isteri Pengiran Anak Saleha Hospital, Bandar Seri Begawan, Brunei Darussalam. 
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Objective: This retrospective, cross-sectional, observational study assessed the duration of coronavirus disease 2019 
(COVID-19) symptoms during the second wave in Brunei Darussalam.

Methods: Data from COVID-19 cases admitted to the National Isolation Centre during 7–30 August 2021 were included in 
the study. Symptom onset and daily symptom assessments were entered into a database during hospitalization and disease 
was categorized by severity. The time between symptom onset and hospital admission, the duration of symptoms and length 
of hospitalization were assessed separately by age group, disease severity and vaccination status using one-way analysis of 
variance with Bonferroni post hoc corrections.

Results: Data from 548 cases were included in the study: 55.7% (305) of cases were male, and cases had a mean age of 
33.7 years. Overall, 81.3% (446) reported symptoms at admission (mean number of symptoms and standard deviation: 2.8 
± 1.6), with cough (59.1%; 324), fever (38.9%; 213) and sore throat (18.4%; 101) being the most common. Being older, 
having more severe disease and being unvaccinated were significantly associated with the time between symptom onset and 
hospital admission, symptom duration and length of hospitalization.

Discussion: Knowing which factors predict the duration of COVID-19 symptoms can help in planning management strategies, 
such as the duration of isolation, predict the length of hospitalization and treatment, and provide more accurate counselling 
to patients regarding their illness.

COVID-19 symptom duration: associations 
with age, severity and vaccination status in 
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without other organ failure. Category 2 is divided into two 
subcategories: C2a – milder symptoms (i.e. cough, nau-
sea, vomiting, rhinorrhoea, anosmia or dysosmia, ageusia 
or dysgeusia, diarrhoea <2 times in 24 hours, myalgia 
and lethargy); and C2b – worsening C2a symptoms (i.e. 
new onset fever, fever persistence >2 days, chest pain, 
dyspnoea, unable to ambulate independently, reduced 
oral intake and reduced urine output). These categories 
were introduced and implemented on 13 August 2021.9

Symptom categories

Cases were categorized based on their reported symp-
toms at admission: asymptomatic (no symptoms), 
presymptomatic (asymptomatic at admission but subse-
quently developed symptoms during hospitalization; these 
cases were reassigned at hospital discharge), recovered 
(symptoms had resolved by admission) and symptomatic 
(symptomatic at admission). 

Data collection

Details of cases and the relevant investigations were 
collected and prospectively entered into a database. 
This database was used to track patients’ movements 
between the NIC, community isolation centres and home; 
track clinical progress; assist in the overall management 
of COVID-19 cases; and report daily to the Ministry of 
Health. Data collected included age, sex, vaccination sta-
tus, symptoms reported, disease severity, and prevalence 
and duration of oxygen use.

Symptom duration was calculated based on the re-
ported date of symptom onset, with symptom resolution 
considered to be the first day the case achieved disease 
category C1.

Vaccination status

The Brunei Darussalam national vaccination programme 
for COVID-19 was implemented in phases beginning 
3 April 2021; the first to be vaccinated were frontline staff 
and older people, followed by people with comorbidi-
ties.10 The COVID-19 vaccines used were BBIBP-CorV 
(Sinopharm), Comirnaty (Pfizer–BioNTech), Spikevax 
(Moderna) and Vaxzevria (Oxford–AstraZeneca). Vaccina-
tion status was categorized as complete (received two 
doses), partial (received one dose), unvaccinated and 
ineligible (age <18 years or had any contraindication 
based on recommendations at the time, such as receiving 

their duration may be due to viral variants, underlying 
comorbidities or race, or a combination of these.

While the symptoms of COVID-19 are well known, 
the duration of symptoms is less well studied. This study 
aimed to assess the duration of symptoms of COVID-19 
by age, disease severity and vaccination status in Brunei 
Darussalam during the start of the second wave of the 
pandemic. 

METHODS

Study design and population

This was a retrospective, cross-sectional, observational 
study conducted using data from cases diagnosed with 
SARS-CoV-2 infection by reverse transcription–polymer-
ase chain reaction (RT-PCR) who were admitted to the 
National Isolation Centre (NIC) in Brunei Darussalam, 
between 7 August 2021 (the start of the second wave) 
and 30 August 2021. Individuals with incomplete records 
were excluded from the study.

Setting and management

In Brunei Darussalam, all cases diagnosed with COVID-19 
were admitted to the NIC for isolation and treatment. 
This arrangement continued until the second week of 
the second wave (18 August 2021), when community 
isolation centres were opened to cope with the increasing 
number of cases. During admission to the NIC, patients 
provided a detailed history of symptoms and underwent 
clinical examination and relevant investigations, such 
as laboratory testing and chest imaging. During hos-
pitalization, cases had their symptoms assessed and 
documented daily. Cases underwent an RT-PCR test on 
day 8 to determine if they could be discharged, and they 
were considered recovered if this test was negative. If 
the day 8 test was positive, RT-PCR was repeated at 
48-hour intervals. A case was considered recovered if 
the day 10 or subsequent test was negative or a cycle 
threshold value >30.0 was obtained.

Disease severity categories

Cases were categorized based on disease severity as 
follows: category 1 (C1) – asymptomatic; C2 – symp-
tomatic but without pneumonia (clinical or radiological); 
C3 – pneumonia; C4 – needing oxygen therapy; and 
C5 – needing intubation and ventilatory support, with or 



WPSAR Vol 13, No 4, 2022  | doi: 10.5365/wpsar.2022.13.4.941https://ojs.wpro.who.int/ 57

Duration of symptoms and illness for Delta variant COVID-19Tan et al

symptoms reported by disease category (given with the 
standard deviation [SD]) as classified during hospitaliza-
tion: C2 = 2.8 ± 1.6; C3 = 2.8 ± 1.6; C4 = 3.1 ± 1.6; 
and C5 = 3.0 ± 0.9 (P = 0.065 by ANOVA).

The mean (SD) number of days between symptom 
onset and admission was 4.9 (± 3.4). The mean (SD) 
symptom duration was 10.4 (± 5.1) days. The mean (SD) 
length of hospitalization was 10.8 (± 4.3) days. There 
was a positive correlation between age and symptom 
duration, with a predicted increase in symptom dura-
tion of 0.1 day for each additional year increase in age  
(y = 6.94 + 0.1x) (Fig. 1). Each of these categories 
was also significantly different by age group (P = 0.034 
for symptom onset to admission, P < 0.001 for symp-
tom duration, P = 0.004 for length of hospitalization;  
Table 3).

When comparing each of these by age group, for 
time of symptom onset to admission, the youngest age 
group (≤12 years) had a significantly shorter interval 
compared with those in the 50–59 year group. There 
were no differences in this category between any of the 
other age groups. Symptom duration was significantly 
shorter for each of the three youngest age groups (≤12, 
13–19 and 20–29 years) when compared with each 
of the two oldest age groups (50–59 and ≥60 years). 
Length of hospitalization was significantly shorter in 
adolescents (13–19 years) compared with those in the 
40–49 year group, with all other comparisons being non-
significant (Table 3).

There was a statistically significant difference 
between each of these categories and the disease cat-
egory (P < 0.001 each for time from symptom onset to 
admission, symptom duration and length of hospitaliza-
tion). When comparing each of these categories with the 
disease category groups, C2 cases had a significantly 
shorter interval from symptom onset to admission when 
compared with C3 cases; symptom duration was signifi-
cantly shorter in C2 cases when compared with C3 and 
C4 cases; and length of hospitalization was significantly 
shorter for the less severe category for most comparisons 
between C1, C2, C3 and C4 cases (Table 3).

Altogether, 6.0% (33) of cases were categorized as 
C4 at admission and 11.5% (63) were assessed as C4 
at any time during their hospitalization. For the 63 cases 
assessed as C4 at any time during their illness, the mean 

chemotherapy or on immunosuppressive medications). A 
vaccine dose was considered complete if the case had 
received it at least 14 days prior to COVID-19 infection. 
At the time of the study, COVID-19 vaccine booster doses 
(third doses) had not yet been introduced.

Statistical analysis

Anonymized data were entered into the database and 
analysed using IBM SPSS version 26.0 (IBM, New York, 
United States of America). Descriptive statistics were 
used to describe case characteristics. Age was divided 
into several categories: ≤12 years (children), 13–19 
years, 20–29 years, 30–39 years, 40–49 years, 50–59 
years and ≥60 years. One-way analysis of variance 
(ANOVA) testing was used to assess the time between 
symptom onset and hospital admission, symptom dura-
tion and length of hospitalization separately by age group, 
disease severity and vaccination status. This provided P 
values for trends. Post hoc Bonferroni analysis was used 
to assess the differences between the age groups, again 
providing P values for each comparison. A scatterplot was 
used to assess correlations between age and symptom 
duration. Two-sided tests were used and P < 0.05 was 
considered statistically significant.

RESULTS

Of the 751 COVID-19 cases admitted to the NIC during 
the study period, 548 (73%) were included in the analy-
sis and 203 cases were excluded. Reasons for exclusion 
were being admitted prior to use of the disease severity 
score (163 cases), death (20) and incomplete data (20). 

The mean age of COVID-19 cases included in the 
analysis was 33.7 years; there was a higher proportion 
of males (55.7%; 305). The most common comorbidities 
were hypertension (18.1%; 99), dyslipidaemia (10.4%; 
57) and diabetes mellitus (9.5%; 52). Most cases were 
either unvaccinated (59.1%; 324) or ineligible for vac-
cination because of age (20.8%; 114), with only 13.0% 
(71) having had at least one dose of vaccine (Table 1).

Symptoms were reported at admission by 81.3% 
(446) of cases, with the most common being cough 
(59.1%; 324), fever (38.9%; 213) and sore throat (18.4%; 
101) (Table 2). Among these symptomatic cases, the 
mean number of symptoms reported on admission was 
2.8. There was no significant difference in the number of 
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symptoms compared with older cases; cases with less 
severe disease (C1 and C2) had a shorter duration of 
symptoms than those with more severe disease (C3 and 
C4); and those who were fully vaccinated had a shorter 
duration of symptoms than those who were unvac-
cinated. Knowing about symptoms, including their likely 
duration, can help in planning management strategies, 
such as the duration of isolation or quarantine, predict-
ing the length of hospitalization and treatment, as well 
as providing better and more accurate counselling to 

(SD) interval from symptom onset to admission was 4.6 
(± 3.9) days, and the mean (SD) interval from admission 
to needing oxygen therapy was 2.1 (± 2.5) days. For all 
cases, the mean (SD) interval from symptom onset to 
needing oxygen was 6.8 (± 3.9) days. For all cases, the 
mean (SD) duration of oxygen therapy was 6.4 (± 5.4) 
days.

Cases who had received two doses of COVID-19 
vaccine had a significantly shorter symptom duration 
than cases who had received one dose of vaccine or 
were unvaccinated. Those ineligible for vaccination had 
a significantly shorter symptom duration compared with 
unvaccinated cases (Table 4).

DISCUSSION

This study showed that the duration of COVID-19 
symptoms was associated in separate analyses with 
being older, having more severe disease and being 
unvaccinated. Younger cases had a shorter duration of 

Table 1. Characteristics of 548 COVID-19 cases 
admitted to the National Isolation Centre, 
7–30 August 2021, Brunei Darussalam

Table 2. Reported symptoms in 548 COVID-19 cases 
admitted to the National Isolation Centre, 
7–30 August 2021, Brunei Darussalam 

Characteristic No. (%)

Age group (years)

  ≤12 64 (11.7)

  13–19 55 (10.0)

  20–29 118 (21.5)

  30–39 101 (18.4)

  40–49 111 (20.3)

  50–59 59 (10.8)

  ≥60 40 (7.3)

Sex

  Male 305 (55.7)

  Female 243 (44.3)

Comorbidities

  Diabetes mellitus 52 (9.5)

  Dyslipidaemia 57 (10.4)

  Hypertension 99 (18.1)

Vaccination status

  Ineligible 114 (20.8)

  Unvaccinated 324 (59.1)

  Partial (1 dose) 71 (13.0)

  Complete (2 doses) 39 (7.1)

Symptom No. (%)

Symptoms reported at admission 446 (81.3) 

  Cough 324 (59.1)

  Fever 213 (38.9)

  Sore throat 101 (18.4)

  Rhinorrhoea 97 (17.7)

  Anosmia 86 (15.7)

  Dyspnoea 74 (13.5)

  Ageusia or dysgeusia 70 (12.8)

  Loose stool or diarrhoea 54 (9.9)

  Myalgia 48 (8.8)

  Headache 41 (7.5)

  Nausea or vomiting 19 (3.5)

Symptom category

  Asymptomatic 73 (13.3)

  Recovered 40 (7.3)

  Presymptomatic 29 (5.3)

  Symptomatic 406 (74.1)

Disease category at admission

  C1 187 (34.1)

  C2 315 (57.5)

  C3 13 (2.4)

  C4 33 (6.0)

  C5 0

Most severe disease category during hospitalization

  C1 113 (20.6)

  C2 267 (48.7)

  C3 95 (17.3)

  C4 63 (11.5)

  C5 10 (1.8)

C1: asymptomatic; C2: symptomatic but without pneumonia (clinical or radiological); 
C3: pneumonia; C4: needing oxygen therapy; C5: needing intubation and ventilatory 
support with or without other organ failure.
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Fig. 1. Scatterplot of age and duration of COVID-19 symptoms for 548 cases admitted to the National Isolation 
Centre, 7–30 August 2021, Brunei Darussalam 

during the first 2 weeks of symptoms.15,16 Knowledge of 
symptom duration may be useful as a proxy measure for 
infectivity in patients, removing the need for laboratory 
testing. This is important for advising patients about the 
required period of isolation or quarantine, and it also 
applies to asymptomatic cases, as studies have shown 
no differences in clinical features and virological course 
in cases with asymptomatic or symptomatic non-severe 
COVID-19.17

Apart from the correlation with age, this study 
also showed that symptom duration was associated 
with disease severity. Cases in the C2 symptomatic 
category had a mean (SD) duration of symptoms of 
8.7 (± 3.9) days. This was significantly shorter than in 
those who had pneumonia on imaging (C3: 11.4 ± 4.8 
days) and those needing oxygen therapy (C4: 16.1 ± 
5.1 days). This is expected: the more severe the illness, 
the longer it would take to recover. To date, no studies 
have assessed symptom duration based on the severity 
of disease. Viral shedding has been shown to correlate 
with symptom duration and severity of illness.18

This study also showed that vaccination status was 
associated with symptom duration: fully vaccinated cases 
had a significantly shorter duration of symptoms than 
unvaccinated and partially vaccinated cases. Vaccination 
reduces the risk of COVID-19,19–22 as well as the dura-

patients regarding COVID-19, depending on the severity 
of their disease at the time of presentation. This infor-
mation may also encourage cases to present in a timely 
manner if their illness does not improve as expected, 
particularly those who have not been admitted or are 
isolating at home.

The mean (SD) duration of symptoms of COVID-19 
in this study was 10.4 (± 5.1) days, with the duration 
of symptoms increasing approximately linearly with age. 
Symptom duration was associated with age group, with 
younger cases having shorter duration. Generally, symp-
tomatic children have mild disease and a short duration 
of illness,11,12 with one study from the United Kingdom 
of Great Britain and Northern Ireland reporting that 
the median duration of illness was shorter for younger 
children (duration: 5 days, interquartile range [IQR] = 
2–9) compared with older children (duration: 7 days, 
IQR = 3–12).12 A study from Italy reported that 4.4% 
of children had prolonged illness lasting up to 28 days, 
and this was more common in older children (5.1%) 
than in younger children (3.1%) (P = 0.046).13 A study 
from the United States of America reported that at least 
one in five young, healthy adults aged 18–34 years had 
unresolved symptoms up to 3 weeks after diagnosis.14

Symptom duration has also been correlated with 
the duration of viral shedding and infectivity, especially 

R2 Linear = 0.066
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showed that cases who had received a two-dose vaccina-
tion regimen had shorter duration of symptoms compared 
with unvaccinated and partially vaccinated cases.

Among cases who required oxygen therapy (C4), the 
requirement for oxygen occurred a mean (SD) of 6.8 (± 
3.9) days after symptom onset. The mean (SD) duration 
of oxygen therapy was 6.4 (± 5.4) days, similar to cases 
in Ethiopia (6.0 days),26 but shorter than patients in 
Germany (8.0 days).27 This may be due to the relatively 

tion and severity of illness.23 In the United Kingdom, vac-
cinated cases were more likely to be asymptomatic, had 
fewer symptomatic days and less severe illness, and had 
lower hospitalization rates, with the analysis including 
patients aged ≥60 years.24 The impact of vaccination on 
symptom duration should reinforce the drive to vaccinate 
as many people as possible during the current pandemic. 
While the first vaccine dose provides some protection, 
completing the two-dose primary vaccination series 
provides better protection against infection.25 This study 

Table 3. Time from symptom onset to admission, and duration of symptoms and hospitalization, by age group 
and disease category for 548 COVID-19 cases admitted to the National Isolation Centre, 7–30 August 
2021, Brunei Darussalam 

Values are mean ± SD.

C1: asymptomatic; C2: symptomatic but without pneumonia (clinical or radiological); C3: pneumonia; C4: needing oxygen therapy; C5: needing intubation and ventilatory 
support with or without other organ failure; NA: not applicable; SD: standard deviation.
a Significant compared with 50–59 year age group (P = 0.045).
b Significant compared with 50–59 year age group (P = 0.002) and ≥60 year age group (P = 0.002).
c Significant compared with 50–59 year age group (P = 0.019) and ≥60 year age group (P = 0.022).
d Significant compared with 50–59 year age group (P = 0.004) and ≥60 year age group (P = 0.012).
e Significant compared with 40–49 year age group (P = 0.019) and ≥60 year age group (P = 0.006).
f Comparison between C2 and C3 categories (P = 0.017).
g Significant compared with C3 and C4 categories (both P < 0.001).
h Significant compared with C2 and C4 categories (both P < 0.001).
i Significant compared with C2 and C3 categories (both P < 0.001).
j Significant compared with C3 and C4 categories (both P < 0.001).
k Significant compared with C3 category (P = 0.005) and C4 (P < 0.001).
l Significant compared with C1 category (P < 0.001), C2 (P = 0.005) and C4 (P < 0.001).
m Significant compared with C1, C2 and C3 categories (all P < 0.001).

Characteristic
Time from symptom 
onset to admission 

(days)
P

Duration of 
symptoms 

(days) 
P

Duration of 
hospitalization 

(days)
P

Age group (years)

  ≤12 3.5 ± 2.5a 0.034 6.9 ± 3.3b <0.001 10.9 ± 3.3 0.004

  13–19 4.1 ± 2.3 8.8 ± 2.8c 9.1 ± 3.3e

  20–29 4.8 ± 3.3 9.2 ± 4.2d 10.4 ± 3.6

  30–39 5.0 ± 3.3 10.7 ± 4.9 10.5 ± 4.0

  40–49 4.9 ± 3.1 10.9 ± 5.6 11.5 ± 5.3

  50–59 6.2 ± 4.7 12.6 ± 6.3 11.5 ± 4.4

  ≥60 4.4 ± 2.9 13.3 ± 5.9 12.5 ± 5.6

Disease category

  C1 NA 0.018 NA <0.001 9.2 ± 4.2j <0.001

  C2 4.4 ± 3.0f 8.7 ± 3.9g 10.1 ± 3.5k

  C3 5.7 ± 3.5 11.4 ± 4.8h 11.7 ± 4.1l

  C4 4.6 ± 3.9 16.1 ± 6.0i 14.9 ± 4.9m

  C5 5.8 ± 3.3 NA NA

  Overall 4.8 ± 3.3 10.4 ± 5.1 10.8 ± 4.3
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Table 4. Duration of COVID-19 symptoms by 
vaccination status for 548 cases admitted to 
the National Isolation Centre, 7–30 August 
2021, Brunei Darussalam

SD: standard deviation.
a Significant compared with partial (P = 0.024) and unvaccinated (P < 0.001).
b Significant compared with unvaccinated (P < 0.001).

Vaccination status
Duration of symptoms 
(days, mean ± SD)

P

Overall 10.4 ± 5.1

<0.001

Complete 6.8 ± 3.5a

Partial 10.1 ± 5.2

Unvaccinated 11.3 ± 5.3

Ineligible 8.2 ± 3.1b

high proportion of young cases in this study. Older cases 
required a longer time to be weaned off oxygen therapy 
due to their comorbidities and reduced immunity.26 With 
the Delta variant of COVID-19, there is a rapid transi-
tion from becoming symptomatic to having dyspnoea 
and needing oxygen therapy, perhaps exacerbated by 
the phenomenon of happy (or silent) hypoxia.28,29 For 
cases admitted to hospital, pneumonia can be identified 
early by the deterioration in their condition and with 
chest imaging so that the need for oxygen therapy can 
be anticipated. However, knowing the average time from 
symptom onset to oxygen requirement can be useful to 
gauge when to closely monitor cases at risk of further 
deterioration.

There are several limitations to this study. First, 
while it was a retrospective study, it used prospectively 
collected data from a real-time database used for patient 
management. Retrospective studies are associated with 
missing or incomplete data. Even though the data used 
in this study were captured prospectively, some data 
were missing due to the number of cases; thus, a small 
number had to be excluded. Second, this study included 
cases from the first few weeks of the second wave of 
the pandemic, when all cases were admitted to the NIC. 
This enabled the whole spectrum of COVID-19 disease 
severity to be studied, but it meant that cases occurring 
after this time were excluded. In addition, cases admitted 
during the first 6 days of the second wave were excluded 
from the study, as disease was categorized differently.9 

Third, symptoms were closely followed only during hospi-

talization; thus, cases with mild to moderate disease (C1 
or C2) or symptoms persisting after discharge were not 
evaluated. However, using the length of hospitalization 
was deemed to be adequate to cover the duration of ill-
ness, taking into account the interval from symptom onset 
to admission. Additionally, management protocols permit 
patients to be discharged only after clinical improvement, 
with most being fully recovered on discharge.

The main strength of this study is its link to the 
patient management system that required all cases to 
be assessed daily and included information about their 
symptoms, and this daily assessment was continued for 
the duration of hospitalization. This allowed accurate data 
to be collected systematically, which was possible due 
to the local management protocol requiring cases to be 
asymptomatic or minimally symptomatic before repeating 
SARS-CoV-2 testing to document recovery. Furthermore, 
this study also assessed the association between symp-
tom duration and vaccination status, information that has 
not been published previously.

In conclusion, this study showed that symptom 
duration was associated separately with age, disease 
severity and vaccination status, with longer duration of 
symptoms associated with being older and having more 
severe disease. Receiving two doses of COVID-19 vac-
cine was significantly associated with a shorter duration 
of symptoms, highlighting the importance of vaccina-
tion. These findings are relevant as they illustrate that 
the duration of symptoms varied and was affected by 
several factors. Recommendations about the duration of 
isolation for patients who do not require hospitalization, 
discharge planning and counselling of patients diagnosed 
with COVID-19 can be guided by this information. This is 
mostly relevant for cases infected with the Delta strain of 
SARS-CoV-2, but it may also provide a reference for other 
variants that may emerge during the pandemic.
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Coronavirus disease 2019 (COVID-19) was first 
reported as clusters of unexplained pneumonia 
in late December 2019 in Wuhan, China, and 

was found to be caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). The World 
Health Organization (WHO) declared COVID-19 a public 
health emergency of international concern on 30 January 
2020.1

Fiji’s first COVID-19 case was imported on  
15 March 2020 and resulted in a small local outbreak of 
18 cases. Over the next year, 50 additional imported cas-
es were reported without any community transmission. 
By 14 November 2020, 70 cases of confirmed COVID-19 
had been reported, including two deaths.2 There were no 
other cases until 15 April 2021, 364 days after the last 
reported, locally acquired case, when travellers tested 

positive for COVID-19 in government quarantine in a 
hotel. A subsequent locally acquired case of COVID-19 
occurred when a hotel worker at the quarantine facility 
inadvertently had close contact with the infected travel-
lers, and this marked the start of the second wave of the 
COVID-19 outbreak in Fiji. The sequencing of the local 
case’s specimen confirmed a SARS-CoV-2 Pango lineage 
B.1.617.2 variant – that is, the Delta variant – which at 
that time was classified as a variant of concern by WHO.1

During the same period in WHO’s Western Pacific 
Region, 10 of the 21 Pacific Island countries and territo-
ries reported cases of COVID-19: some had only imported 
cases contained in quarantine facilities (i.e. the Republic 
of the Marshall Islands, Samoa, the Solomon Islands 
and Vanuatu) and others had large-scale outbreaks (i.e. 
French Polynesia, Guam, New Caledonia, the Common-

a Ministry of Health and Medical Services, Suva, Fiji.
b Ministry of Lands and Mineral Resources, Suva, Fiji.
c World Health Organization Representative Office for the South Pacific, Suva, Fiji.
Published: 23 November 2022
doi: 10.5365/wpsar.2022.13.4.964

Objective: There is limited published information about deaths due to coronavirus disease 2019 (COVID-19) in Fiji, the 
World Health Organization’s Western Pacific Region and low- and middle-income countries. This report descriptively analyses 
deaths directly associated with COVID-19 in Fiji by age group, sex, ethnicity, geographical location, vaccination status and 
place of death for the first 7 months of the 2021 community outbreak.

Methods: A retrospective analysis was conducted of deaths directly associated with COVID-19 that occurred from 15 April to 
14 November 2021 in Fiji. Death rates per 100 000 population were calculated by utilizing divisional population estimates 
obtained from medical zone nurses in 2021.

Results: A total of 1298 deaths relating to COVID-19 were reported, with 696 directly associated with COVID-19 and 
therefore included in the analysis. Of these, 71.1% (495) were reported from the Central Division, 54.6% (380) occurred 
among males, 75.6% (526) occurred among people of indigenous (iTaukei) ethnicity and 79.5% (553) occurred among 
people who were unvaccinated. Four deaths were classified as maternal deaths. The highest percentage of deaths occurred 
in those aged ≥70 years (44.3%, 308), and the majority of deaths (56.6%, 394) occurred at home.

Discussion: At-risk populations for COVID-19 mortality in Fiji include males, iTaukei peoples, and older (≥70 years) and 
unvaccinated individuals. A high proportion of deaths occurred either at home or during the first 2 days of hospital admission, 
potentially indicating both a reluctance to seek medical care and a health-care system that was stressed during the peak of 
the outbreak.

Descriptive analysis of deaths associated 
with COVID-19 in Fiji, 15 April to  
14 November 2021
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testing for COVID-19 was implemented for all deaths 
occurring during the study period.

A descriptive analysis was conducted for deaths 
directly associated with COVID-19. Death rates per  
100 000 population were calculated by age group, 
sex, ethnicity and geographical location using division 
population estimates obtained from medical zone nurses 
in 2021. Note that the administrative boundaries (e.g. 
provincial boundaries) differ slightly from the medical 
division boundaries, hence medical zone demographic 
data were used.

RESULTS

A total of 1298 deaths relating to COVID-19 were re-
ported during the study period. Of these, 696 were cat-
egorized as being due to COVID-19 and were included 
in the analysis. For the first 4 months of the outbreak, 
deaths directly associated with COVID-19 primarily 
occurred in the Central Division; they later spread to 
the Western Division and then to the Eastern Division  
(Fig. 1).

Most deaths (71.1%, 495/696) were reported from 
the Central Division, and 54.6% (380/696) occurred 
among males, 75.6% (526/696) occurred among people 
of iTaukei ethnicity and 79.5% (553/696) occurred 
among unvaccinated people (Table 1). Although deaths 
were reported across all age groups, the median age of 
deaths due to COVID-19 was 67 years, and the highest 
percentage of deaths occurred in those aged ≥70 years 
(44.3%, 308/696). The death rate per age group–spe-
cific population increased with age (Table 1).

Four deaths were classified as maternal deaths, 
all of which occurred during the postpartum period at 
divisional hospitals between 4 and 6 days from the date 
of admission (data not shown). Three maternal deaths 
occurred in the Central Division, while one death oc-
curred in the Western Division. The mean age of those 
categorized as a maternal death was 36.5 years (median, 
35 years), and all women in this group were reported to 
be unvaccinated.

The majority of deaths directly associated with 
COVID-19 occurred at home (56.6%, 394/696), and 
of these 53.8% (212/394) were among males, 86.3% 
(340/394) were among iTaukei people and 50% 

wealth of the Northern Mariana Islands, and Wallis and 
Futuna). The remaining 11 Pacific Island countries and 
territories remained COVID-free by closing their interna-
tional borders and accepting only citizens and emergency 
support workers into their country or territory.1

There is limited published information regarding 
deaths due to COVID-19 in Fiji, the Western Pacific 
Region and low- and middle-income countries.3–5 This 
report provides a descriptive analysis of the first 7 
months of the 2021 outbreak for deaths directly associ-
ated with COVID-19 in Fiji by age group, sex, ethnicity, 
geographical location, vaccination status and place of 
death.

METHODS

We conducted a retrospective study of deaths directly as-
sociated with COVID-19 that occurred during the second 
wave of community transmission in Fiji between 15 April 
and 14 November 2021.

SARS-CoV-2 infection was identified using reverse 
transcription polymerase chain reaction (RT-PCR) test-
ing. During this period, all RT-PCR samples were sent to 
the Fiji Centre for Communicable Disease Control, also 
known as Mataika House, which is Fiji’s national public 
health laboratory for analysis and reporting. Deaths were 
classified as either directly associated with COVID-19 
(i.e. due to COVID-19) or indirectly associated with 
COVID-19 (i.e. people with COVID-19 infection at the 
time of death).6 Classification was determined by the at-
tending physician at the medical facility or by a mortality 
review panel, with COVID-19 categorized as a primary or 
secondary cause of death based on the case definition 
used by the Fiji Ministry of Health and Medical Services,7 
clinical records, medical history from relatives and results 
of COVID-19 investigations.

For each death directly associated with COVID-19, 
the Ministry of Health and Medical Services obtained 
the following information: age, sex, ethnicity, residential 
address, place of death, COVID-19 test type, date the 
specimen was collected for laboratory testing, date the 
specimen was tested, date of death, hospitalization 
status, date of hospital admission, COVID-19 vaccination 
status and dates of vaccination doses. In the analyses, 
deaths were classified as occurring at home or at a health 
facility (i.e. a health centre or hospital). Postmortem 
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95/200) and 0.5% (1/200) occurring at a health centre. 
In the Eastern Division, one death occurred at home; no 
deaths were reported in the Northern Division during the 
study period.

DISCUSSION

Our study describes deaths directly associated with 
COVID-19 occurring in Fiji during its second wave of com-
munity transmission in 2021. Most of these deaths occurred 
among males, people aged ≥70 years and those living in 
the Central Division (the most populous division in Fiji).

Geographically, the deaths directly associated with 
COVID-19 followed a similar pattern to that of the cases, 
occurring first in the Central Division, then the Western 
Division and later in the Eastern Division.8 The delayed 
spread of cases through the country can be attributed to 
the restriction of movement across the major divisional 
borders and from areas with localized outbreaks. With 
cases initially concentrated in the Central Division, the 
remaining divisions had the opportunity to prepare their 
health systems for an influx of cases and also rapidly 
increase vaccination coverage to prevent widespread dis-
ease transmission.

(197/394) were among people aged ≥70 years. Of the 
43.4% (302/696) of deaths that occurred in a hospital 
or health-care setting, 56.3% (170/302) were among 
males, 61.6% (186/302) were among iTaukei people and 
36.8% (111/302) were among people aged ≥70 years 
(Table 2). Of the deaths that occurred in the hospital or 
health-care setting, 44.0% (133/302) occurred within 1 
day of admission, 9.3% (28/302) occurred 2 days after 
admission and 46.7% (141/302) occurred ≥3 days after 
admission. Early in the outbreak when there were fewer 
cases, less than half of deaths occurred at home; how-
ever, during the peak of the outbreak (15 July–12 August) 
more than 60% of deaths occured at home rather than in 
a health facility (Fig. 2). From September onwards, this 
proportion decreased as the number of cases and deaths 
decreased.

The place of deaths directly associated with 
COVID-19 (i.e. at home or at a health centre or hospital) 
varied by division. In the Central Division, most deaths 
occurred at home (60.2%, 298/495), with the remaining 
occurring in hospitals (35.2%, 174/495) and at health 
centres (4.6%, 23/495). Conversely, in the Western 
Division, most deaths occurred in hospitals (52.0%, 
104/200), with slightly fewer occurring at home (47.5%, 

Fig. 1. Deaths directly associated with COVID-19 by geographical division, Fiji, 15 April to 14 November 2021 
(N = 696)
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Table 1. Characteristics of 696 people whose death 
was directly associated with COVID-19, Fiji, 
15 April to 14 November 2021

Table 2. Characteristics of 696 people whose death 
was directly associated with COVID-19 by 
place of death, Fiji, 15 April to 14 November 
2021

a higher rate of respiratory intubation and a longer length 
of hospital stay.9 Although there is limited information 
about the relationship between sex and COVID-19, the 
literature has highlighted the importance of understand-
ing the role of comorbidities, immune system responses 
and sex hormones as drivers of COVID-19 mortality.9,10

During our study period, deaths directly associated 
with COVID-19 were reported in all age groups. However, 
the number and rate of COVID-19 deaths were highest 
in those aged ≥70 years, highlighting that COVID-19 
mortality increases with age.11–13 A paper by Jergović 
et al. emphasized that the loss of immune function and 
reduced protection from infectious agents that occur with 
age are factors associated with increased disease severity 
and mortality from COVID-19.12

The deaths directly associated with COVID-19 in our 
study population occurred predominantly among unvac-
cinated people, who accounted for 79.5% of deaths, 
whereas 18.7% of those who died had received one dose 
of vaccine and 1.9% had received two doses. This is 
similar to other studies, highlighting that mortality from 

In this study, more than half of the deaths directly 
associated with COVID-19 were among males, which is 
consistent with other studies, demonstrating that male 
sex is associated with higher mortality.9,10 A paper by 
Nguyen et al. additionally reported that male sex is not 
only associated with a higher rate of mortality but also with 

Characteristic

Deaths directly associated 
with COVID-19 (N = 696)

No. (%)
Rate/100 000 

population

Sex

Male 380 (54.6) 42.9

Female 316 (45.4) 35.7

Age (years)

Median (IQR) 67.0 (21.0) NA

Mean (SD) 65.6 (15.9) NA

Age group

<20 9 (1.3) 2.7

20–29 9 (1.3) 6.3

30–39 22 (3.2) 16.4

40–49 58 (8.3) 56.3

50–59 120 (17.2) 132.4

60–69 170 (24.4) 327.3

≥70 308 (44.3) 1079.2

Ethnicity

iTaukei 526 (75.6) NA

Fijian of Indian 
descent

139 (20.0) NA

Other 31 (4.5) NA

Place of death

Hospital or  
health-care setting

302 (43.4) NA

Home 394 (56.6) NA

Vaccination status

Unvaccinated 553 (79.5) NA

One dose 130 (18.7) NA

Two doses 13 (1.9) NA

Geographical division

Central 495 (71.1) 123.4

Western 200 (28.7) 56.3

Eastern 1 (0.1) 2.6

Northern 0 (0.0) 0

IQR: interquartile range; NA: not applicable; SD: standard deviation.

Characteristic

No. (%) of deaths

At home 
(n = 394)

In hospital or  
health-care 

setting 
(n = 302)

Sex

Male 212 (53.8) 170 (56.3)

Female 182 (46.2) 132 (43.7)

Age group (years)

<20 3 (0.8) 6 (2.0)

20–29 3 (0.8) 6 (2.0)

30–39 10 (2.5) 12 (4.0)

40–49 22 (5.6) 36 (11.9)

50–59 61 (15.4) 59 (19.5)

60–69 98 (24.9) 72 (23.8)

≥70 197 (50.0) 111 (36.8)

Ethnicity

iTaukei 340 (86.3) 186 (61.6)

Fijian of Indian descent 39 (9.9) 100 (33.1)

Other 15 (3.8) 16 (5.3)
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Fig. 2. Deaths directly associated with COVID-19 by place and date of death, Fiji, 15 April to 14 November 
2021 (N = 696)

outcomes.18–22 Three separate studies conducted in the 
United States of America and Scotland found that severe 
complications known to be associated with COVID-19 
in pregnancy (such as admission to a critical care unit, 
perinatal mortality and developing severe or critical 
COVID-19 infection) were more common in pregnant 
women who were unvaccinated at the time they were 
diagnosed with COVID-19 than in vaccinated pregnant 
women.23–25 Therefore, this highlights the importance 
of vaccinating pregnant women to reduce the severe 
maternal and neonatal health outcomes associated with 
COVID-19.

We found that although all ethnicities in Fiji were at 
risk of contracting and dying from COVID-19, indigenous 
populations (i.e. iTaukei) had a disproportionately higher 
rate of death from the disease. A review of the literature 
shows that globally indigenous populations seem to have 
higher rates of infection, more severe disease, higher 
rates of hospitalization, and poorer health and health 
outcomes from COVID-19.26–28 Although there is limited 
knowledge about the relationship between ethnicity and 
COVID-19 morbidity and mortality, research suggests 
that pre-existing social, economic, political and cultural 

COVID-19 is higher in the unvaccinated population than 
the vaccinated population.14–17 COVID-19 vaccinations 
have successfully reduced the incidence and severity 
of, and hospitalization and deaths from, COVID-19.14–17 

Although many countries are utilizing different vaccines 
and booster regimens, it is evident that COVID-19 vac-
cinations have the potential to reduce morbidity and 
mortality.15–17 The Fiji national COVID-19 vaccination 
programme commenced on 6 April 2021, with 61 667 
individuals aged >18 (approximately 10% of the eligible 
population) receiving their first dose of vaccine by the end 
of April 2021; by 14 November 2021, 599 423 (97% of 
the eligible population) had received their first dose and 
553 943 (89.6%) had received their second dose.

During the study period, four maternal deaths were 
reported. We have limited antenatal, intrapartum and 
postpartum information about these maternal deaths, so 
it is difficult to draw meaningful associations with other 
studies conducted around the world; however, a review 
of the literature highlights that pregnant women are at 
higher risk of severe COVID-19 infection; of needing 
caesarean delivery, intensive care admission and invasive 
ventilation; and of having adverse maternal and neonatal 
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There were some limitations to this study. The clas-
sification of deaths depended on the assessment of the 
attending physician and, therefore, there was potential 
for misclassification. If the death occurred outside a 
health-care facility (e.g. at home), there may have been 
a delay in receiving the death certificate; therefore, there 
is potential for delayed reporting or underreporting of 
deaths during our study period. We were also unable 
to calculate mortality rates by ethnicity due to a lack 
of recent population data. In this study, deaths directly 
associated with COVID-19 were reported by geographi-
cal divisions; however, it would be valuable to analyse 
deaths by urban, periurban and rural settings because 
some communities have poorer access to health-care 
services, water, hygiene and sanitation and, as a result, 
are reported to have poorer health and health outcomes. 
It would also be interesting to assess the common signs 
and symptoms, and severity of COVID-19 disease, as 
well as underlying comorbidities, especially since about 
80% of all deaths that occur in Fiji are due to noncom-
municable diseases.32 However, this information is not 
reported in the Medical Cause of Death Certificates, 
and a detailed review of inpatient data and clinical notes 
would be required. Occasionally, the clinical severity of 
disease was classified on the death certificate, but the 
investigative team was unsure how physicians classified 
the severity and whether all physicians in Fiji utilized 
standard definitions. Therefore, this information was 
not analysed. Understanding the common comorbidities 
among those who died from COVID-19 would help to 
highlight populations that are at risk for severe outcomes 
in Fiji, and understanding the severity of disease would 
provide a way to assess the required levels of health-care 
preparedness, health-care delivery and future clinical 
and public health forecasting in a developing country like 
Fiji. Information on the common signs and symptoms 
of COVID-19 experienced within our population can be 
utilized to increase knowledge and awareness among our 
frontline and allied health-care workers and can also be 
used to develop risk communication material to increase 
knowledge of and awareness about COVID-19 among our 
population. 

In addition, understanding the patterns of disease 
among other at-risk populations would be useful, such as 
individuals with underlying mental health disorders or ill-
nesses, those who are immunocompromised, those who 
have a disability, and residents of aged-care facilities, as 
well as low-income or unemployed individuals, unhoused 

determinants of health are important factors in the health 
and health outcomes of indigenous populations.26 

Therefore, it is important to collect timely, relevant, high-
quality and disaggregated data to better understand the 
needs of vulnerable and at-risk populations and to ensure 
that COVID-19 response and mitigation measures are 
delivered in a way that ensures health equity and health 
equality.29

We found that the majority of deaths directly associ-
ated with COVID-19 occurred at home (56.6%). While the 
reason for this is not clear, it is important to understand 
a population’s health-seeking behaviours and the factors 
that drive these behaviours. Two studies conducted in 
Pakistan and Viet Nam examined health-seeking behav-
iours and factors that altered these during the COVID-19 
pandemic.30,31 They found that individuals increased 
self-medication with unprescribed drugs, decreased 
their hospital visits and had an increased preference for 
visiting private general practitioners, traditional healers 
and unregistered clinics rather than visiting govern-
ment facilities. The main factors that limited or altered 
health-seeking behaviours, or both, during the pandemic 
included fears of being stigmatized, of whole families 
being transferred to quarantine facilities and of disclosing 
past activities to contact tracing teams, and these fears 
were enhanced by misinformation, panic and uncertain-
ties that spread over social media platforms.30,31 The 
two countries in these studies are developing countries, 
and these findings may be applicable to the context in 
Fiji. It is also important to consider the immense and 
unprecedented stress placed on the health-care system 
in Fiji during the peak of the outbreak, and its impact 
on the system’s ability to provide adequate and timely 
services to people with COVID-19. Indeed, we found that 
a high proportion of deaths occurred at home or soon 
after hospital admission, but this may be due to multiple 
factors, such as a limited ability to identify people with 
deteriorating health, limited availability of transportation 
to hospital and limited bed capacity to treat patients 
within the hospital, rather than a lack of health-seeking 
behaviour. As the outbreak progressed, strategies were 
implemented to increase the ability of the health system 
to identify those most at risk of severe disease and place 
them into an appropriate care pathway. More research on 
health-seeking behaviours and the factors that drive these 
behaviours within the context of Pacific Island countries 
and territories is pivotal for informing future pandemic 
response and mitigation measures.30,31
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Singer BH, et al. The impact of vaccination on coronavirus 
disease 2019 (COVID-19) outbreaks in the United States. 
Clin Infect Dis. 2021;73:2257–64. doi:10.1093/cid/ciab079 
pmid:33515252

individuals, and members of the lesbian, gay, bisexual, 
transgender and queer communities; however, this 
information was not available. Having these data would 
allow health promotion activities to be targeted to reduce 
morbidity and mortality in these groups.

This retrospective analysis of deaths directly as-
sociated with COVID-19 that occurred in Fiji during the 
second wave of the pandemic (15 April to 14 November 
2021) found that at-risk groups included male, indigenous 
(iTaukei), older (≥70 years) and unvaccinated individu-
als. Therefore, we conclude that individuals belonging to 
these risk groups in Fiji  should adhere to the recom-
mended COVID-19 precautions and preventive measures 
to avoid becoming infected with SARS-CoV-2, and we 
recommend that future public health prevention strate-
gies, health promotion activities, risk communication 
materials and public health policies for COVID-19 in Fiji 
are tailored to these at-risk populations. Strategies should 
include providing education about the signs and symp-
toms of severe and progressing COVID-19, and increasing 
the capacity of health systems to identify and respond to 
a rapid influx of deteriorating patients.
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PROBLEM

The International Health Regulations (2005) require 
Member States to be prepared to detect and respond to 
public health threats and emergencies.1 Core to fulfilling 
this requirement are public health rapid response teams 
(RRTs), groups of trained professionals from different 
disciplines with the capacity to rapidly deploy to such 
events.2 According to the World Health Organization’s 
(WHO’s) Asia Pacific strategy for emerging diseases 
and public health emergencies (APSED III): advancing 
implementation of the International Health Regulations 

(2005),3 RRTs are integral to systems designed to rapidly 
detect and contain public health threats. Under APSED 
III, the key focus areas of surveillance, risk assessment 
and response, and therefore public health systems over-
all, are strengthened through the establishment of RRTs 
and field epidemiology training programmes (FETPs).4

There is limited published evidence on the effective-
ness of well-functioning RRTs during the early investiga-
tion and containment of infectious disease outbreaks 
and clusters. RRTs established at the local, national and 
international levels for West Africa during the Ebola virus 
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c World Health Organization Regional Office for the Western Pacific, Manila, Philippines.
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Problem: Rapid response teams (RRTs) are critical for effective responses to acute public health events. While validated 
training packages and guidance on rolling out training for RRTs are available, they lack country-specific adaptations. 
Documentation is limited on RRT programming experiences in various contexts.

Context: In Papua New Guinea, there remain gaps in implementing standardized, rapid mobilization of multidisciplinary 
RRTs at the national, provincial and district levels to investigate public health alerts.

Action: The human resources needed to respond to the coronavirus disease (COVID-19) pandemic forced a review of the 
RRT training programme and its delivery. The training model was contextualized and adapted for implementation using a 
staged approach, with the initiation training phase designed to ensure RRT readiness to deploy immediately in response to 
COVID-19 and other public health events.

Lessons learned: Selecting appropriate trainees and using a phased training approach, incorporating after-training reviews, 
and between-phase support from the national programme team were found to be important for programme design in Papua 
New Guinea. Using participatory training methods based on principles of adult learning, in which trainees draw on their own 
experiences, was integral to building confidence among team members in conducting outbreak investigations.

Discussion: The RRT training experience in Papua New Guinea has highlighted the importance of codeveloping and 
delivering a context-specific training programme to meet a country’s unique needs. A staged training approach that builds 
on knowledge and skills over time, used together with ongoing follow-up and support in the provinces, has been critical in 
operationalizing ready-to-respond RRTs.

Ready to respond: adapting rapid response 
team training in Papua New Guinea during 
the COVID-19 pandemic
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country.12 FETP Papua New Guinea (FETPNG) graduates 
often take lead roles in outbreak responses and surveil-
lance initiatives. However, there remain gaps at the 
national, provincial and district levels in the standardized, 
rapid mobilization of multidisciplinary teams to investi-
gate public health alerts. In recognition of these gaps, 
the RRT training programme for multidisciplinary RRTs 
within Provincial Health Authorities was conceived and 
initiated by national leaders in field epidemiology. The vi-
sion was for RRTs to be operationalized through national 
and provincial emergency operation centres (EOCs) under 
the leadership of an appointed incident manager (Fig. 1). 
EOCs were first established to support the response to 
the polio outbreak in three provinces (the Eastern High-
lands, Madang and Morobe), and they were subsequently 
set up in other provinces.

ACTION

In November 2019, on request from the National De-
partment of Health, the WHO Regional Office for the 
Western Pacific led an RRT training for the National 
Capital District Provincial Health Authority using the 
WHO all-hazards approach package.9 With the arrival 
of the COVID-19 pandemic in March 2020, the need 
to establish functional RRTs in other provinces became 
urgent. An RRT programme team – composed of repre-
sentatives from the National Department of Health; FET-
PNG; Field Epidemiology in Action, from the University 
of Newcastle, Australia, and Hunter New England Health, 
Australia; and the WHO Representative Office for Papua 
New Guinea – collaborated to accelerate the roll out of 
training across the country. This began with an after-
training review with the National Capital District RRT in 
May 2020 that highlighted key limitations of the initial 
training and the need to codevelop a training package 
tailored to the Papua New Guinea context.

Human resources limitations in the context of the 
pandemic meant that it was not feasible to remove teams 
from ongoing response operations for 5 days of training. 
Therefore, the training was converted to a 2-day initiation 
training that covered the basic principles and structure of 
an RRT to assist provinces in quickly mobilizing teams 
to respond to both COVID-19 and other public health 
events. Initiation training was aimed at incident manag-
ers, disease control officers, clinicians, surveillance offic-
ers, laboratory scientists, environmental health officers, 
logisticians, finance administrators, risk communication 
specialists and health promotion officers. Graduates of 

disease epidemic in 2014–2016 have been credited with 
containing an outbreak of Neisseria meningitidis in Libe-
ria in 20175 and another Ebola virus disease outbreak in 
the Democratic Republic of the Congo in 2017.6,7

Across the WHO Western Pacific Region – where 
infectious disease outbreaks, emerging infectious disease 
threats and environmental challenges such as unsafe 
water and natural disasters frequently occur3 – national 
RRTs exist in various forms and at different stages of de-
velopment. A 2015 evaluation of progress towards goals 
under APSED III reported that substantial gains had been 
made in the effectiveness of the Region’s RRTs. However, 
countries also ranked RRTs high on their priority lists for 
improvement.8

To assist countries in building a trained RRT work-
force, WHO’s Health Emergencies Programme produced a 
validated and standardized all-hazards approach training 
package in 2015.9 In 2021, a condensed version, aimed 
at those working on the coronavirus disease (COVID-19) 
response, was developed in conjunction with the Govern-
ment of India and the U.S. Centers for Disease Control 
and Prevention.10 Although these are valuable resources, 
it is essential that such packages, including their mode of 
delivery, are adapted to local contexts within the Region. 
To support the establishment and capability of RRTs, ex-
periences with training and the lessons identified should 
be documented. We present a model of RRT training and 
capacity strengthening being piloted in provinces across 
Papua New Guinea.

CONTEXT

In Papua New Guinea, public health threats are com-
pounded by a population of 8.8 million that is widely 
spread across extremely diverse terrain, with 80–85% 
of people living in rural or geographically isolated set-
tings.11 In recent years, Papua New Guinea has faced 
many major public health events, including outbreaks of 
measles (2017) and cholera (2019), the re-emergence 
of vaccine-derived poliovirus (2018) and the current 
COVID-19 pandemic. These outbreaks occur in addition 
to a high baseline burden of endemic diseases and natu-
ral disasters that have public health impacts.

Papua New Guinea has an established FETP that 
has trained 96 field epidemiologists between 2013 and 
June 2022. The programme has strengthened preven-
tion, detection and response capabilities throughout the 
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and refine RRT operationalization in different emergency 
contexts. Additionally, during Phase 5, neighbouring 
provincial teams come together to strengthen people-to-
people links, collaboration and the regional community 
of practice.

In April 2021, to facilitate the development of a na-
tional RRT community of practice, the National Depart-
ment of Health’s RRT coordinator set up a group channel 
on the encrypted messaging service WhatsApp. This 
platform has enabled members to seek out information 
and share ideas about potential clusters or outbreaks. In 
June 2022, the platform was used to discuss a possible 
multiprovincial pertussis outbreak.

RRT e-learning modules are being designed to com-
plement the various phases of the training programme. 
These provide an introduction for RRT members who are 
unable to attend in-person trainings and act as refreshers 
for those who have attended. Although these e-learning 

FETPNG filled one or more of these roles and were the 
primary provincial contact points for coordinating the 
training. Graduates working at the National Department 
of Health served as trainers.

Building on the initiation training, the RRT pro-
gramme team codeveloped a phased delivery approach 
that provided an iterative and sequential pathway to 
establishing and strengthening RRTs over five phases 
(Fig. 2). Initiation training (Phase 1) facilitates the es-
tablishment of an RRT and is the first phase towards 
RRT accreditation. After-training reviews (Phases 2 and 
4) support reflections by RRTs on their prior training 
and post-training implementation, and the development 
of action plans for improving operationalization of the 
teams. Competency-based training (Phase 3) focuses on 
extending multidisciplinary skills and knowledge. Ongoing 
scenario-based training (Phase 5) provides the opportu-
nities for RRTs to keep current their early detection and 
response skills, continue to practice after-action reviews 

Fig. 1. Infographic of the Rapid Response Team training process distributed to Provincial Health Authorities 
across Papua New Guinea, February 202
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Fig. 2. Infographic of the Rapid Response Team training process distributed to Provincial Health Authorities 
across Papua New Guinea, February 2022

tion training in all 22 provinces by the end of 2022, 
with content and delivery continuing to be adapted 
based on ongoing monitoring and evaluation activities. 
Where initiation training conducted in 2020–2021 
took a just-in-time training approach in response to 
the pandemic and included specific material related 
to COVID-19, training in 2022 has pivoted to focus on 
roles and responsibilities within RRTs.

Initiation training has been well received. Evalu-
ations from training in the first six provinces showed 
most participants agreed that the RRT outbreak 
manual was useful (94%, 49/52), the content was rel-
evant to their work (84%, 59/70) and the training was 
interactive (81%, 55/68). The most common reaction 
to training by participants – particularly the provincial 
surveillance and disease control officers, who often felt 
they carried the rapid response burden alone – was 
relief that a multidisciplinary team was being formal-
ized and trained.

modules reflect the context in Papua New Guinea, the 
training has been made available globally to support 
RRTs in similar contexts (e.g. on the Field Epidemiology 
in Action website at https://www.fieldepiinaction.com 
and the Global Outbreak Alert and Response Network 
training site at https://extranet.who.int/goarn).

RRT programme activities are led and coordinated 
by national FETPNG faculty with the support of Field Epi-
demiology in Action, the WHO Global Outbreak Alert and 
Response Network and the WHO Representative Office 
for Papua New Guinea. The programme is funded by the 
Indo-Pacific Centre for Health Security, Department of 
Foreign Affairs and Trade, Australia, and WHO.

LESSONS LEARNED

As of June 2022, RRT initiation training (Phase 1) had 
been conducted in 11 provinces, training 190 RRT 
members. The programme aims to complete initia-

https://www.fieldepiinaction.com 
https://extranet.who.int/goarn
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DISCUSSION

Provincial public health RRTs are a critical component of 
Papua New Guinea’s public health emergency response 
architecture and are key to strengthening health secu-
rity in a context where epidemic and endemic diseases 
continually challenge the country’s fragile public health 
system. While validated training packages9 and guidance 
on rolling out training and managing RRTs2 are available, 
experiences in RRT programming in various contexts 
should be documented. The experience in Papua New 
Guinea has highlighted the importance of developing a 
training programme that meets the needs of a country 
and its provinces and shifts away from a tick-the-box 
training model towards a comprehensive, staged training 
approach that builds knowledge and skills over time.

The staged training approach, which includes mul-
tiple after-training reviews and ongoing scenario-based 
training, reflects the U.S. Centers for Disease Control and 
Prevention’s recommendation that individuals involved in 
RRT undergo “regular, continual training throughout their 
membership on the RRT”.14 The planned, intermittent, 
scenario-based training aligns with one of the priorities 
set for the Western Pacific Region in APSED III that ad-
vises Member States to “conduct after-action reviews or 
simulation exercises that test the readiness of the national 
surveillance and response system as a whole to respond 
to outbreaks and other acute public health events”.3

The application of adult learning principles to the 
design and delivery of training allows RRT members to 
share their lived experience of the principles being taught 
and ensures the training is relevant to the local context in 
which it is delivered. In Papua New Guinea, the training 
programme continues to evolve based on findings from 
the after-training reviews, which have been essential to 
understanding the contextual challenges in establishing 
and implementing functional RRTs.

An evaluation of RRTs conducted across 21 coun-
tries between 2016 and 2018 found that they faced com-
mon challenges in establishing and managing the teams, 
including developing rosters for RRTs, ensuring that RRT 
members are trained, and that adequate standard oper-
ating procedures are lacking.14 That these factors were 

Five after-training reviews were conducted prior 
to June 2022. Factors that had reportedly worked well 
since initiation training included applying knowledge in 
the field: the steps of an outbreak investigation, pre-
deployment preparation, the use of checklists and, in 
one province, the use of psychological first aid in a 
response to a landslide. Reported challenges included 
developing the RRT manual for the province, ensuring 
the most appropriate people were selected for training, 
assigning RRT roles and responsibilities, and accessing 
timely financial and logistical support for deployment. 
Through root cause analysis, RRTs found that progress 
had been hindered by factors such as team diversion 
to the COVID-19 response, lack of engagement by 
management, and human resources constraints, which 
led to many members straddling multiple roles. After-
training reviews have identified critical challenges and 
best practices to help RRTs develop their own action 
plans.

The commitment of senior leadership to the opera-
tionalization of provincial RRTs was found to be essential 
to establish functional teams. Senior provincial leaders 
were invited to the trainings, but their presence varied 
across provinces. Greater effort is needed to communi-
cate early with provincial leaders about the purpose and 
significance of their presence at the training.

The importance of equipping RRT trainers with 
skills and knowledge about teaching adults was recog-
nized early in the roll out of initiation training. In May 
2022, RRT trainers and FETPNG faculty attended a 
train-the-trainers workshop focused on revising training 
materials and methods of delivery to facilitate adult 
learning based on Kolb’s learning theory.13 Lessons 
learned from this training have been applied to amend 
the 2-day initiation training and will be applied to the 
development of Phases 3–5.

In May 2022, a new position within FETPNG 
was created for a national RRT coordinator, and this 
has been of significant value to the programme. The 
role includes conducting ongoing post-training follow-up 
with provincial RRTs; coordinating training activities, 
monitoring and evaluation; and following up on alerts 
received through RRT social networks.
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also common challenges in the provinces of Papua New 
Guinea, where after-training reviews were conducted, 
emphasizes the importance of ensuring ongoing support 
from the national programme team throughout the pro-
gramme cycle and beyond.

CONCLUSIONS

Papua New Guinea has one of the world’s most rural 
and remote populations, so it is challenging to rapidly 
mobilize response teams. The development of a highly 
contextualized training programme built on adult learning 
theory and delivered in a phased approach is an impor-
tant part of strengthening Papua New Guinea’s health 
security. Important lessons have been and will continue 
to be learned as the roll out of the RRT programme 
progresses. We hope the approach taken in Papua New 
Guinea and the lessons learned will be of benefit to RRT 
training programmes in similar contexts.
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In response to Singapore’s first coronavirus disease  
(COVID-19) hospital outbreak from late April to early 
May 2021, we conducted a mass testing exercise on 

3–7 May 2021. This cluster in a single hospital marked 
the arrival of the Delta (B.1.617.2) variant of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
in Singapore, and was characterized by breakthrough 
infections in vaccinated health-care workers (HCWs) and 
some patients.1 By late May, 47 cases of COVID-19 had 
been linked to this hospital cluster.

At the time of the hospital outbreak, close contacts 
of positive cases were identified and quarantined at gov-
ernment isolation facilities for 14 days. However, in light 
of concerns that contact tracing of positive cases alone 
may not prevent further transmission of SARS-CoV-2, 
especially by asymptomatic or very mildly symptomatic 
HCWs, all public hospitals were encouraged to conduct 
mass testing exercises as part of a strategy to minimise 
the risk of further spread to other hospitals.

This report describes the results of the national 
mass testing exercise in one public hospital, in an ef-
fort to assess the effectiveness of the mass testing of 
asymptomatic HCWs as a strategy to track and prevent 
viral spread through casual exposure to the Delta variant 
of SARS-CoV-2.

METHODS

Staff at our tertiary care hospital who had any contact with 
the source hospital at which the Delta variant outbreak 
occurred within 14 days of the mass testing exercise (3–7 

May 2021) were invited to take a COVID-19 test and to 
complete a short online questionnaire. Participation was 
voluntary; staff who had already been identified as direct 
contacts through the Ministry of Health’s and the source 
hospital’s own extensive contact tracing programme were 
exempted. Staff were informed about the testing exercise 
by department heads and reporting officers, and invita-
tions to participate were sent out via email. Out of a total 
of approximately 7000 hospital staff, 427 indicated that 
they had had recent contact with the source hospital and 
attended for testing. Of the 427 tested, 165 presented 
to the staff clinic, while the remaining 262 attended 
the testing stations that were set up specifically for the 
purposes of the exercise. Nasopharyngeal swab samples 
were collected for polymerase chain reaction (PCR) test-
ing for SARS-CoV-2. 

The online questionnaire was designed to capture basic 
demographic data for each participant. Participants were 
also asked to provide information relating to their recent 
exposure history by selecting from a list of five possible 
exposure routes (multiple selections were allowed):

• “I live in the same household as someone who 

works at the source hospital”

• “I met with someone working on the source hos-

pital campus for more than 30 minutes”

• “I attended a meeting or training at the source 

hospital”

• “I visited someone in the source hospital’s inpa-

tient wards”

a Department of Medicine, National University Hospital, Singapore.
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might be considered to be at greater risk of infection; 
however, all known contacts of positive cases at the 
source hospital also tested negative for COVID-19 on 
PCR swab tests. 

Our testing exercise suggests that mass screening 
of asymptomatic HCWs is an ineffective strategy for 
preventing the spread of the Delta variant of SARS-
CoV-2 in a hospital setting when there is a rapid and 
thorough contact tracing programme already in place. 
Any potential benefits would need to be weighed against 
any potential harms; for instance, a high proportion of 
negative tests may inadvertently result in complacency 
among hospital staff, leading to reduced compliance with 
infection control measures. Furthermore, implementing 
a mass testing exercise at any scale can be costly and 
may further exacerbate strained staffing and laboratory 
resources.5 In many countries, increased infection rates 
among HCWs are typically proportional to increased 
infection rates within the community, suggesting that 
tracking community incidence to focus efforts on tar-
geted screening may be more effective than conducting 
mass testing exercises.6

Limitations of this study include the possibility of 
incomplete capture of demographic and exposure his-
tory information; we mitigated against this by requiring 
staff to register and complete the online questionnaire 
before attending for their PCR test. In relying on self-
reports to determine exposure through casual contact, 
our study will inevitably be subject to a degree of recall 
bias, especially in terms of the duration and level of 
exposure. Additionally, we acknowledge that some staff 
may have avoided the mass testing exercise despite 
known possible exposure. This was addressed by dis-
seminating reminders through various communication 
channels to all staff about their obligation to public 
health safety and responsibility to participate in the 
mass testing if they had had any contact with the source 
hospital. Moreover, given the status of the pandemic at 
the time of our exercise (May 2021), motivation to be 
tested among staff was fairly high, prompted mainly by 
a desire to protect household members.

CONCLUSION

Our mass testing exercise failed to uncover any instances 
of asymptomatic inter-hospital transmission. Within the 
limitations of this study, the results suggest that mass 

• “I attended to patients or worked on the source 

hospital campus”

The data were anonymized by an independent third 
party and were retrospectively aggregated by the study 
team.

RESULTS

None of the 427 asymptomatic HCWs who participated 
in the testing exercise conducted at the tertiary hospital 
during 3–7 May 2021 tested positive for COVID-19. Of 
those tested, 163 (38.2%) reported living in the same 
household as a member of staff from the source hospital, 
108 (25.3%) met with someone working on the source 
hospital campus for >30 minutes, 59 (13.8%) attended 
a meeting or training at the source hospital, 18 (4.2%) 
visited someone in the source hospital’s inpatient wards 
and 16 (3.7%) attended to patients or worked on the 
source hospital campus during the time period of interest  
(Table 1). Twenty-two (5.2%) reported more than one 
reason for exposure at the source hospital, while 41 
(9.6%) went for testing without indication of any expo-
sure. 

DISCUSSION

Previous studies have suggested that mass testing of 
asymptomatic HCWs may help to reduce nosocomial 
transmission of COVID-19 by allowing early identification 
and isolation of positive cases, and contact tracing and 
quarantining of close contacts.2 Additionally, the pre-
symptomatic and early symptomatic periods have been 
identified as times of considerable transmission risk, 
with one study suggesting that more than 40% of cases 
may be infectious in the pre-symptomatic period.3 The 
increased transmissibility of emerging variant strains of 
SARS-CoV-2 with shorter incubation periods adds further 
weight to the arguments in favour of employing HCW 
screening as a strategy to limit hospital transmission of 
COVID-19.4

In this relatively small, single-centre study, we did 
not detect a single case of COVID-19 in a group of 427 
HCWs who submitted for PCR testing, despite the fact 
that 90.4% of participants reported possible exposure 
to someone from the source hospital. Our study sample 
excluded those HCWs who had a known exposure to a 
confirmed case at the source hospital and for this reason 
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Table 1. Self-reported sources of possible exposure to COVID-19 cases among staff at a tertiary care hospital 
who participated in a voluntary mass testing exercise (3–7 May 2021), as part of the response to an 
outbreak at another hospital, Singapore (N = 427)

testing of asymptomatic HCWs may be an impractical 
infection control strategy to track and prevent COVID-19 
transmission from one hospital to another. We suggest 
that an institutional testing strategy which mirrors local 
community incidence rates – whereby hospitals increase 
the frequency of asymptomatic testing when there is a 
surge in community cases but relax testing during periods 
of lower case rates – would be a more effective option, 
especially when combined with continued strict adher-
ence to infection control measures and internal contact 
tracing and a recommendation that staff stay home when 
they feel unwell and report any cold/flu-like symptoms or 
close household exposures.
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Sources of possible exposure “Yes” answers, n (%)

Lives in the same household as someone who works at the source hospital 163 (38.2)

Met with someone working on the source hospital campus for more than 30 minutes 108 (25.3)

Attended a meeting or training at the source hospital 59 (13.8)

Visited someone in the source hospital’s inpatient wards 18 (4.2)

Attended to patients or worked on the source hospital campus 16 (3.7)

More than one of the above 22 (5.2)

None of the above 41 (9.6)
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Genomic surveillance has become a critical tool for 
monitoring variants of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), the 

virus that causes coronavirus disease (COVID-19).1 
Recognizing this, capacity building for genomic 
surveillance towards a National Sequencing Network 
has become a principal goal in Viet Nam. The aim of 
the network is to standardize sequencing to empower 
the Ministry of Health (MoH) to detect and respond 
to emerging public health threats, determine outbreak 
etiologies and enhance overall surveillance capacities in 
the country. The Pasteur Institute of Nha Trang (PI Nha 
Trang) is the agency within the MoH responsible for public 
health surveillance and response in 11 central coastal 
provinces in Viet Nam, including key population centres 
such as Da Nang as well as major tourist destinations 
such as Hoi An and Nha Trang. In May 2021, motivated 
by the desire to participate in the development of the 
National Sequencing Network, PI Nha Trang acquired its 
first next-generation sequencer and developed a protocol 
to identify and monitor the relative prevalence of SARS-

CoV-2 variants among COVID-19 cases identified in the 
central region. 

In early 2020, all passengers arriving on inbound 
flights to Viet Nam underwent testing using real-time 
reverse transcription polymerase chain reaction (RT-PCR) 
(requirement expired 15 May 2022) and mandatory 
14-day quarantine in centralized facilities (requirement 
expired 1 January 2022).2 These provisions allowed for 
quick detection and isolation of cases, as well as targeted 
genomic surveillance for imported cases.

The B.1.1.529 (Omicron) variant of SARS-CoV-2 
was first reported to the World Health Organization by 
South Africa and was designated a variant of concern 
on 26 November 2021.3 It has since been closely 
monitored by countries worldwide. Through heightened 
genomic surveillance measures, the first imported case 
of the Omicron variant in Viet Nam was detected on  
19 December 2021 in a traveller entering the northern 
part of the country. This brief report characterizes 32 of 

a Pasteur Institute in Nha Trang, Nha Trang, Viet Nam.
b U.S. Centers for Disease Control and Prevention, Hanoi, Viet Nam.
c Quang Nam Department of Health, Quang Nam, Viet Nam.
d Quang Nam Center for Disease Control, Quang Nam, Viet Nam.
e Da Nang Center for Disease Control, Da Nang, Viet Nam.
f Khanh Hoa Center for Disease Control, Viet Nam.
Published: 23 November 2022
doi: 10.5365/wpsar.2022.13.4.977

As authorities braced for the arrival of the Omicron variant of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
infrastructure investments and government directives prompted action in central Viet Nam to establish capacity for genomic 
surveillance sequencing. From 17 November 2021 to 7 January 2022, the Pasteur Institute in Nha Trang sequenced 162 
specimens from 98 150 confirmed SARS-CoV-2 cases in the region collected from 8 November to 31 December 2021. Of 
these, all 127 domestic cases were identified as the B.1.617.2 (Delta) variant, whereas 92% (32/35) of imported cases 
were identified as the B.1.1.529 (Omicron) variant, all among international flight passengers. Patients were successfully 
isolated, enabling health-care workers to prepare for additional cases. Most (78%) of the 32 Omicron cases were fully 
vaccinated, suggesting continued importance of public health and social measures to control the spread of new variants.

Systematic sequencing of imported cases 
leads to detection of SARS-CoV-2 B.1.1.529 
(Omicron) variant in central Viet Nam
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Among all cases, 162 patient specimens collected 
between 8 November and 31 December 2021 were se-
quenced. The majority (78%; 127/162) were domestic 
cases while 22% (35/162) were imported cases. All 
domestic cases were identified as the B.1.617.2 (Delta) 
variant while 92% (32/35) of imported cases were 
the Omicron variant. Phylogenetic relationships among 
sequenced cases demonstrate close relationships with 
sequences from multiple continents (Supplementary 
Fig. 1). No community cases of Omicron were detected 
in the 11 provinces in central Viet Nam from November 
2021 to early February 2022.

Descriptive epidemiology revealed that 66% 
(21/32) of Omicron cases were under 40 years old, 
53% (25/32) were fully vaccinated and 25% (8/32) 
had received booster doses (Table 1). Most of the cases 
(24/32; 75%) were asymptomatic at detection. None 
were hospitalized or died. A total of 13 individuals ar-
rived on direct flights from the United States of America 
to Viet Nam and 13 additional passengers departed  
from various countries with stopover points in the Re-
public of Korea, where layover time ranged from 4 to 
30 hours.

Sequencing results were reported promptly to the 
originating province and the MoH, which shared them 
publicly via Internet news outlets. All sequences were 
also uploaded to GISAID within 2 weeks; GISAID acces-
sion numbers are listed in Supplementary Fig. 2.

DISCUSSION

Viet Nam’s practice of universal testing and mandatory 
quarantine for international visitors, combined with pref-
erential selection of imported cases for whole genome 
sequencing, enabled the early detection of imported 
Omicron cases. Prompt identification and isolation of 
these cases gave the government additional time to 
communicate with the public and prepare for eventual 
community transmission. This supports previous studies 
demonstrating that public health and social measures 
such as systematic targeted testing programmes remain 
important, even among highly vaccinated populations 
such as travellers.5 Multiple flight origins further high-
light the need for cooperation between countries to 
detect and respond to emerging variants. Testing and 
sequencing strategies should be revisited and updated 
as outbreak situations continue to evolve.

Viet Nam’s first imported Omicron cases in the central 
region and highlights the importance of public health and 
social measures to detect and contain the spread of new 
variants.

METHODS

Specimens were collected from domestic and imported 
laboratory-confirmed cases of COVID-19 from 8 No-
vember to 31 December 2021. Not all COVID-19 cases 
were sequenced; each province was required to submit 
2–3 specimens per week, while areas with international 
airports (Khanh Hoa and Da Nang provinces), border 
controls (Quang Binh and Quang Tri provinces) or a 
high case burden submitted 4–6 specimens per week. 
The selection of samples for sequencing was prioritized 
to imported cases or special cases (e.g. index cases of 
large clusters, patients infected after two vaccine doses, 
reinfected, or with severe symptoms or death).  

Sequencing was performed on specimens with a 
cycle threshold value of ≤28 and volume of at least 800 
μL, and with accompanying epidemiological data such as 
patient characteristics and clinical presentation. Speci-
mens were stored at 2–8°C for ≤72 hours from the time 
of collection. PI Nha Trang has the capacity to sequence 
24–46 specimens per week using a MiSeq platform (Il-
lumina, San Diego, CA, United States of America). The 
Dragen Covid Lineage software (Illumina) was used for 
genomic analysis and phylogenetic trees were generated 
using Nextclade (https://clades.nextstrain.org/). Outputs 
included quality metrics, lineage determination, amino 
acid substitutions for novel strain detection, and Fasta 
format files for epidemiological analysis using accompa-
nying epidemiological data. 

Sequences were posted to the GISAID Initiative data-
base as per the protocol developed jointly by PI Nha Trang 
and the U.S. Centers for Disease Control and Prevention in  
Viet Nam (unpublished). To improve understanding of the 
effects of systematic testing and quarantine, sequence 
data for community cases were reported from November 
2021 to February 2022.

RESULTS

There were 98 150 confirmed cases of COVID-19 
detected in central Viet Nam (97 985 domestic and  
165 imported) from 1 November to 31 December 2021. 

https://clades.nextstrain.org/
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Table 1. Characteristics of confirmed B.1.1.529 
(Omicron) SARS-CoV-2 cases (N = 32), 
central Viet Nam, 8 November–31 December 
2021

Characteristic No. %

Age group (years)

0–19 3 9

20–29 12 38

30–39 6 19

40–64 11 34

≥65 0 0

Sex

Male 12 38

Female 20 63

COVID-19 vaccination statusa

Fully vaccinated 17 53

Fully vaccinated plus booster dose 8 25

Unvaccinated (ineligible) 1 3

Unknown 6 19

Symptom profileb

Asymptomatic 16 50

Symptomatic 8 25

Unknown 8 25

Initial signs or symptomsc

Cough 4 13

Sore throat 3 9

Fever 2 6

Congestion or runny nose 1 3

Headache 1 3

Nausea or vomiting 1 3

Outcome

Hospitalization 0 0

Death 0 0

Flight origin

Republic of Koread 16 50

United States of America 13 41

Malaysia 3 9

a Fully vaccinated is defined as having received the complete immunization series 
according to the vaccine manufacturer.
b Self-reported symptoms.
c Cases may exhibit multiple symptoms.
d Includes passengers with flights originating in the Republic of Korea (n = 3) 
as well as passengers with layovers in the Republic of Korea (n = 13) whose 
flights originated in the United States of America (n = 9), Canada (n = 3) or the  
Netherlands (n = 1).

Government policies prioritizing whole-genome 
sequencing may improve the speed of variant detection, 
and collecting epidemiological data provides important 
context for sequenced cases. For example, the observa-
tion that most cases in this series were fully vaccinated 
supports previous data demonstrating that vaccination 
does not prevent transmission of the Omicron variant.6 
Similarly, the lack of hospitalization or death supports 
data that Omicron causes severe illness less frequently 
than Delta.7 The integration of laboratory and epide-
miological data is critical in ensuring the most useful 
information is available as quickly as possible, although 
the low proportion of specimens sequenced compared to 
total cases limits interpretation.

As of 14 August 2022, Viet Nam reached 84.1% 
population coverage with two vaccine doses, allowing 
the country to slowly re-open to international travel and 
commerce.8 Genomic surveillance for SARS-CoV-2 has 
become the international standard of surveillance.9 In ad-
dition to contributing to the understanding of clinical and 
epidemiological trends of COVID-19, genomic surveillance 
provides critical data necessary for rapidly developing 
newer, more effective vaccines against SARS-CoV-2.

Early investment in infrastructure for genomic 
sequencing made it possible for authorities in central 
Viet Nam to respond quickly to the detection of a newly 
imported SARS-CoV-2 variant of concern. However, 
implementing new programmes always comes with chal-
lenges. For example, current limitations include over-
representation of specimens from certain provinces and 
underrepresentation from others, as well as resource 
constraints at the local level for specimen collection and 
transfer. Despite these issues, the data described here 
provide valuable evidence for further investment to over-
come current limitations and scale up towards the greater 
goal of developing a National Sequencing Network in  
Viet Nam.

Disclaimer

The findings and conclusions are those of the authors and 
do not necessarily represent the official position of the 
U.S. Centers for Disease Control and Prevention, Depart-
ment of Health and Human Services.
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The range of public health emergencies that 
occurred in Australia during 2020 illustrates the 
complexity of contemporary acute public health 

issues. In 2020 alone, Australia mounted responses 
to bush-fires, storms, drought, floods and rodent 
plagues, as well as the coronavirus disease (COVID-19) 
pandemic. Such events have highlighted not just the 
vital role played by the field epidemiology workforce in 
rapidly and effectively managing a wide range of public 
health emergencies but also the need to continually 
train and invest in this workforce to ensure high levels 
of public health emergency preparedness.1–5

Health workforce strengthening is essential to 
achieving the International Health Regulations (IHR 2005) 
core capacities.6 The Asia Pacific Strategy for Emerging 
Diseases and Public Health Emergencies (APSED III) also 
makes specific reference to the need for a skilled and 
experienced local public health workforce for preventing 
the escalation of public health emergencies.7

The Australian Field Epidemiology Training Pro-
gramme (FETP), commonly known as the Master of 
Philosophy in Applied Epidemiology (MAE), is one of 
several public health training programmes in Australia. 
Established in 1991 to address a recognized gap in the 
public health workforce, the programme is Australia’s 
accredited FETP.8,9 Utilizing the approach of “learning 
through doing”, students spend most of the 22-month-
long programme working within a field placement. This 
approach ensures alumni are appropriately trained to 
contribute to the detection, investigation, response and 
control of acute public health events.8 As of June 2021, 
there were 58 students and 255 alumni in the network.

Australian FETP alumni work in senior roles in health 
departments at local, state, national and international 
levels, in Aboriginal and Torres Strait Islander health ser-
vices and organizations, in United Nations agencies, as 
well as in research institutions and academia. Alumni 
and students have been consistently involved in national 
and international epidemic responses, including severe 
acute respiratory syndrome (SARS) (2002–2003), H1N1 
influenza (2009), Middle East respiratory syndrome coro-
navirus (MERS-CoV) (2012–) and Ebola virus disease in 
West Africa (2014–2016). The experiences of alumni and 
students have been used to modify the programme to 
make it more relevant, adaptive and “pandemic ready”. 

The aim of this study was to describe the level 
and scope of Australian FETP alumni and student con-
tributions to the COVID-19 response during the first 10 
months of the pandemic so that these experiences could 
inform programme learning priorities going forward.

METHODS

In 2020, the Training Programs in Epidemiology and 
Public Health Interventions Network (TEPHINET) devel-
oped a survey to document the contribution of FETP 
trainees and alumni to COVID-19 preparedness and 
response internationally.10 We adapted this instrument 
to conduct a cross-sectional survey of Australian FETP 
network members (survey available upon request to the 
corresponding author). Our survey collected participants’ 
demographic data and information about their employ-
ment and role in the COVID-19 response. Invitations to 
participate, with a link to the survey, were emailed to 
alumni and students in July 2020. Participants were 
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Commonly reported activities in the “reporting of 
data” category included developing internal situation 
reports (62%, 41/66), preparing articles for publication 
in peer-reviewed journals (26/66, 39%) and sharing 
information on dashboards (27%, 18/66). Within the 
“incident command” category, the most frequently 
reported activity was involvement in emergency opera-
tions centres (33%, 22/66), followed by involvement in 
incident command systems (24%, 16/66). Six (9%) 
respondents were engaged in incident command activi-
ties within Aboriginal and Torres Strait Islander health 
services and organizations (Table 1).

Sixty-eight per cent (45/66) of participants re-
ported involvement in “operational research” and 56% 
(37/66) participated in one or more activities related to 
“risk communication and community engagement”. Over 
a quarter (29%, 19/66) were involved in the preparation 
of communication for health-care providers; an equal 
number (29%, 19/66) interacted with or provided infor-
mation to media (Table 1). All seven (11%) respondents 
working in international COVID-19 response reported 
participating in activities related to the development of 
risk communication briefings and messages.

Around a third of participants reported involvement 
in “infection prevention and control” (36%, 24/66), 
“operational support” (32%, 21/66) and “laboratory” 
(30%, 20/66) activities. Fewer respondents reported 
being involved in activities relating to “point of entry” 
(27%, 18/66) and “case management” (21%, 14/66) 
(Table 1).

DISCUSSION

Our survey revealed that Australian FETP alumni and 

students were involved in a wide range of pandemic 
response activities during the early months of the 
COVID-19 pandemic, suggesting that the programme 
provides a relevant and important contribution to the 
health response workforce in Australia and interna-
tionally. Alumni and students have been providing 
support during the COVID-19 pandemic in a variety 
of settings, including the public sector, academia and 
nongovernmental agencies, with many seconded into 
surge capacity roles.

also recruited using convenience and snowball sampling 
methods, with recipients asked to share the invitation 
with other Australian FETP alumni.

Roles were categorized into 10 main areas; each 
main area was assigned a list of associated activities. 
Multiple answers within each category were allowed. 
Open-ended questions were included to obtain addi-
tional details about participants’ roles and responsibili-
ties. Data were stratified and descriptively analysed by 
category using Stata 15 (StataCorp LLC, College Station, 
TX, United States of America).

RESULTS

We received 66 responses, 57 from alumni (86%) and 
nine (14%) from current students. The majority (89%, 
59/66) were involved in COVID-19 response activities 
in Australia; within this group, 61% (36/59) reported 
working for state or territory government departments, 
10% (6/59) for a federal government department and 
3% (2/59) for a local government department. Other 
workplaces included nongovernmental agencies (5%, 
3/66), universities (21%, 14/66) and Aboriginal and 
Torres Strait Islander health services and organizations 
(3%, 2/66), with some respondents reporting multiple 
workplaces. Seven respondents reported working inter-
nationally (11%, 7/66).

Information on participant involvement in 43 COV-
ID-19-related response activities is summarized in Table 
1. Of the 66 respondents, 65 (98%) were involved in at 
least one listed activity and 36 (55%) in more than five 
activities. Over two fifths of respondents reported being 
involved in “surveillance” (82%, 54/66); 80% (53/66) 
were engaged in “reporting of data” and 71% (47/66) in 
activities related to “‘incident command”.

Within the “surveillance” category, the most 
frequently reported activities included active disease 
surveillance (50%, 33/66), case-based reporting (44%, 
29/66) and contact tracing (39%, 26/66) (Table 1). 
Other activities mentioned by participants included es-
tablishing customized COVID-19 surveillance systems, 
developing dashboards, responding to outbreaks on 
cruise ships and providing expert advice within a variety 
of settings.
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Table 1. Australian FETP survey respondents’ involvement in COVID-19 response activities, July–December 
2020 (N = 66)

Category Associated activities  n (% of total)

Surveillance NOT involved in surveillance activities 12 (18%)

Active disease surveillance 33 (50%)

Case-based reporting 29 (44%)

Contact tracing 26 (39%)

Dissemination of case definitions 16 (24%)

Other 33 (50%)

Reporting of data NOT involved in reporting of data 13 (20%)

Development of internal situation reports 41 (62%)

Writing short reports or papers for publication in peer-reviewed journals 26 (39%)

Sharing information on dashboards 18 (27%)

Other 6 (9%)

Incident command NOT involved in incident command activities 19 (29%)

Emergency operations centre 22 (33%)

Incident command system 16 (24%)

Emergency management 9 (14%)

Aboriginal and Torres Strait Islander health services and organizations 6 (9%)

Other 12 (18%)

Operational research NOT involved in operational research 21 (32%)

Surveillance research 19 (29%)

State, province, country-level coordination, regional or national planning 
and monitoring research

8 (12%)

Risk assessment research 6 (9%)

Community engagement research 2 (3%)

Other 20 (30%)

Risk communication & 
community engagement 

NOT involved in risk communication and community engagement activi-
ties

29 (44%)

Development of communication for health-care providers 19 (29%)

Media briefs and/or interviews 19 (29%)

Construction of information sheets for the public 15 (23%)

Construction of material for open access web pages for communication to 
the public

14 (22%)

Communication for Aboriginal and Torres Strait Islander health workers or 
communities

11 (17%)

On call for community queries 13 (20%)

Hotline 5 (8%)

Other 3 (5%)

Infection prevention and 
control (IPC)

NOT involved in IPC activities 42 (64%)

Reporting and investigating cases of health-care-associated infections 11 (17%)

Training staff in IPC 6 (9%)

IPC risk assessment in facilities 6 (9%)

Development of guidelines for IPC in facilities 5 (8%)

Implementation of triage and control measures 2 (3%)

Other IPC activities 5 (8%)
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Respondents were allowed to give multiple answers within each main topic area. Percentages do not therefore sum to 100%.

maining unknown. Therefore, the results presented are 
not generalizable to the Australian FETP population, 
though they do provide insight into some of the roles 
alumni and students played in the early phases of the 
response.

The Australian FETP has trained public health 
professionals who have contributed to different aspects 
of the COVID-19 response. The programme needs to 
continually adapt to ensure the training it provides 
remains relevant and addresses the breadth of skills 
required of field epidemiologists. It is important that 
support for the programme is maintained so that it can 
continue to play its critical role in building Australia’s 
public health capacity.

The ability to redeploy the skilled field epidemiology 
workforce has been essential to the COVID-19 response 
at state, national and international levels.2 Public health 
training programmes, such as the Australian FETP, need 
to remain responsive to workforce needs and continue 
to align with national, regional and international IHR 
workforce priorities.4 That the programme is practical 
has been advantageous to the overarching Australian re-
sponse by building a skilled and adaptive epidemiological 
workforce that is able to rapidly respond to acute public 
health emergencies.

Due to the sampling method used, it was not 
possible to accurately estimate the number of alumni 
the survey reached, with reasons for non-response re-

Category Associated activities  n (% of total)

Operational support NOT involved in operational support or logistics activities 45 (68%)

Preparation of staff surge capacity and deployment mechanisms 15 (23%)

Review of supply chain control and management system for medical and 
other essential supplies

2 (3%)

Other 8 (12%)

Laboratory NOT involved in laboratory activities 46 (70%)

Standard operating procedures adopted for specimen collection and 
transportation for diagnostics

3 (5%)

Access to designated COVID-19 reference laboratories 3 (5%)

Development of surge plans to manage increased demand for testing 3 (5%)

Conducting whole genome sequencing 2 (3%)

Vaccine development for COVID-19 0 (0%)

Development of rapid tests 0 (0%)

Development or trial of point-of-care tests 0 (0%)

Clinical trials for medications or vaccines 0 (0%)

Other 11 (17%)

Point of entry NOT involved in point-of-entry activities 48 (73%)

Preparation of isolation facilities or quarantine measures 4 (6%)

Communication of information about COVID-19 to travellers 2 (3%)

Establishing standard operating procedures equipping staff to manage ill 
passengers

2 (3%)

Other 12 (18%)

Case management NOT involved in case management activities 52 (79%)

Guidance made available for self-care of patients with mild symptoms 4 (6%)

Health-care facilities prepared for high volume of cases 3 (5%)

Dedicated teams to transport and treat suspected and confirmed cases 3 (5%)

Other 6 (9%)
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