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Original Research

At the end of 2021, the Pacific island country 
of Vanuatu was one of about 10 countries 
globally that had not yet experienced community 

transmission of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), the virus that causes 
coronavirus disease (COVID-19).1 Between 2020 
and 2021, Vanuatu (which comprises 83 islands and 
has a population of 302 000) implemented stringent 
and successful policies to prevent importation and 
community transmission of SARS-CoV-2, and only seven 
border cases were detected among over 8000 returning 
citizens until the end of 2021.2,3

The highly transmissible B.1.1.529 (Omicron) 
variant of SARS-CoV-2 was first identified globally in 

November 2021.4 Between December 2021 and January 
2022, Vanuatu paused all repatriation flights for returning 
citizens and residents. Repatriation flights resumed on 16 
February 2022; from 17 February to 4 March, 39 cases 
were detected among travellers (n = 27) and front-line 
border workers (n = 12).5

On 4 March 2022, the first locally acquired case 
of SARS-CoV-2 was detected in the capital city, Port 
Vila, in a person who had not undertaken international 
travel.5 This case was asymptomatic and detected 
through routine screening at Vila Central Hospital. An 
additional 13 community cases, all symptomatic, were 
subsequently identified after they presented to the 
hospital-based testing clinic on 5 March 2022, indicating 
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Objective: On 4 March 2022, the first community-acquired case of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was reported in Vanuatu, with community transmission occurring subsequently. It was expected that the number of 
notified SARS-CoV-2 cases would be an underestimate of the true infection rate of this outbreak; however, the magnitude of 
underreporting was unknown. The purpose of this study was to provide a population-based estimate of SARS-CoV-2 infection 
shortly after the first reports of community transmission, to understand the level of underdetection and undernotification in 
Vanuatu and thus to inform ongoing prevention and response activities.

Methods: We conducted a cross-sectional SARS-CoV-2 prevalence study in two geographical administrative areas in Port 
Vila, Vanuatu in April 2022. All residents in selected areas were eligible. Trained teams conducted demographic and 
behavioural interviews and collected nasal specimens. Specimens were tested by polymerase chain reaction. The primary 
outcomes were the rates of SARS-CoV-2 attack (point prevalence) and cumulative attack, underdetection, notification and 
household secondary attack.

Results: A total of 252 people from 84 households participated. Among 175 people who had a sample collected, 91 were 
SARS-CoV-2-positive (attack rate 52.0%). Most cases had not been detected before the study (underdetection rate 91.5%). 
More than half of previously detected cases were notified (notification rate 65.2%).

Discussion: Within the first few weeks of community transmission, more than half of participants in the selected areas had 
evidence of SARS-CoV-2 infection; however, most infections had been undetected. This study provides important information 
about the rapid spread of novel infectious diseases in Vanuatu.
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Study population

The eligible population included all residents (defined 
as those whose main dwelling was in one of the 
administrative areas) who were at home in the two 
selected administrative areas at the time of fieldwork. 
A stay-at-home order was in effect during the study 
period;7 therefore, it was expected that most residents 
would be at home. Where possible, residents who were 
not present during data collection were approached to 
participate by field research teams within 2–3 days of 
fieldwork. Unattended households were not included. 
Any nonresidents present during the study were not 
eligible to participate; nonresidents were identified 
by field teams asking, “Is this your usual place of 
residence?”

Recruitment and consent

A three-stage process was used to invite eligible 
people to participate. The first stage was liaison and 
approvals with key local stakeholders, known locally 
as the municipality secretary and area administrator of 
the selected communities, and the second was through 
the village chief and community leaders. Finally, once 
approval for the study had been granted by the village 
chief and community leaders, community engagement 
teams went door-to-door to all households listed on the 
administrative maps to explain the study, address any 
concerns and obtain informed consent. Data collection 
teams then visited households to interview residents and 
collect nasopharyngeal samples.

Data collection

Data were collected by trained interviewers, most of 
whom were health professionals or nursing students. 
The questionnaire collected demographic information, 
symptom history, health-care seeking behaviour and 
compliance with prevention measures. Demographic 
information included sex, age, country of nationality 
and household size. Symptoms experienced during the 
previous 2 weeks included cough, fever, headache, aches 
and pains, runny nose, sore throat, fatigue, loss of smell, 
nausea, shortness of breath, vomiting, diarrhoea or chest 
pain; a period of 2 weeks (rather than the 4 weeks since 

community transmission.5 The test positivity rate in 
Port Vila increased from 16% on 7 March to a peak of 
52% on 26 March (data not publicly available, personal 
communication with the authors from the National 
Surveillance, Research & Emergency Response Unit 
[NSRERU]).

The Vanuatu Ministry of Health implemented 
several surveillance-strengthening activities between 
2020 and 2021, including developing standard 
operating procedures (SOPs) for managing suspected 
and confirmed cases, training health-care workers on 
SOPs and implementing electronic notifications for new 
SARS-CoV-2 diagnoses.2,6 However, gaps remained; for 
example, there was limited awareness of notification 
requirements among health-care workers. Owing to 
limited access to SARS-CoV-2 tests (antigen and 
polymerase chain reaction [PCR]) and an expected high 
number of infections due to high-density housing, it was 
anticipated that the number of notified SARS-CoV-2 cases 
would underestimate the true infection rate in Vanuatu 
during a community outbreak. However, the magnitude 
of this underreporting was unknown. The purpose of 
this study was to provide a population-based estimate 
of SARS-CoV-2 infection shortly after community 
transmission was first reported, to understand the level 
of underdetection and undernotification in Port Vila to 
inform ongoing prevention and response activities.

METHODS

Study design

We conducted a cross-sectional SARS-CoV-2 prevalence 
study and triangulated data with notification data.

Study setting

Two geographically defined administrative units in Port 
Vila, Vanuatu were purposively selected based on a 
population size of about 300 people and at least one 
confirmed case notified to the NSRERU by 25 March 
2022. The administrative units were defined by the 
Vanuatu National Statistics Office, and the population 
of about 300 people was deemed to be a manageable 
sample size.
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the beginning of the outbreak) was used to increase the 
accuracy of participant recall.

Health-care seeking behaviour included SARS-
CoV-2 vaccination status and testing history. At the time 
of the study, public testing for SARS-CoV-2 was only 
available at a limited number of government-run testing 
clinics and at Vila Central Hospital. Some workplaces 
and individuals had privately procured point-of-care 
SARS-CoV-2 antigen tests; however, these tests were 
not widely available for purchase in Vanuatu. “Fully 
vaccinated” was defined as having received two doses 
of a COVID-19 vaccine that had received World Health 
Organization (WHO) emergency use listing as of 2 March 
2022.8 The two vaccines available in Vanuatu at this 
time were BBIBP-CorV (Sinopharm) and AstraZeneca, 
and 44% of the adult population was considered fully 
vaccinated on 23 January 2022.9 Compliance with 
prevention measures such as mask use, staying home 
except for essential movements and practising hand 
hygiene was assessed using a three-point Likert scale 
(always, sometimes or never).

Trained nursing students collected SARS-CoV-2 
nasopharyngeal swabs. Participants reporting a positive 
SARS-CoV-2 test within the previous 2 weeks chose 
whether to be retested; when a previous positive SARS-
CoV-2 test was reported, this test was searched for in the 
national surveillance dataset using a name, date of birth 
and address. Questionnaires were entered into a custom 
Google form and transferred to Microsoft Excel and Stata 
for analysis.

Laboratory testing

Specimens collected for this study were transported to 
Vila Central Hospital in a temperature-controlled vaccine 
carrier box for laboratory testing. Specimens were tested 
using the GeneXpert SARS-CoV-2 assay, a reverse 
transcription PCR (RT-PCR) based assay for the detection 
of SARS-CoV-2. Meta-analyses have consistently reported 
high pooled sensitivity (>98%) and pooled specificity 
(>95%) for this assay.10,11

Data analysis

The primary outcomes were rates of SARS-CoV-2 attack 
(point prevalence) and cumulative attack, underdetection, 
notification and household secondary attack, all of which 
were expressed as percentages.

The attack rate was calculated by dividing the 
number of SARS-CoV-2-positive participants identified 
through the study by the number of participants who 
had a specimen collected for SARS-CoV-2 testing. The 
cumulative attack rate was calculated by dividing the 
total number of all SARS-CoV-2-positive participants 
(including participants with verified positive test results 
from the previous 2 weeks who did not have a specimen 
collected in the study) by the total number of participants 
with known test results. The underdetection rate was 
defined as the proportion of SARS-CoV-2-positive 
participants who did not self-report having a recent 
positive SARS-CoV-2 test result or were not identified 
in the notification database. The undernotification rate 
was defined as the proportion of SARS-CoV-2-positive 
participants – both those detected during the study and 
those who self-reported testing positive in the previous 
2 weeks – who had a corresponding notification. The 
household secondary attack rate was defined as the 
number of secondary cases within a household with at 
least one case divided by the total number of participants 
within that household.

Secondary outcomes included symptoms reported 
during the previous 4 weeks, the number of participants 
who had a specimen tested for SARS-CoV-2 since 
the start of community transmission, the secondary 
household attack rate in households and associations 
with SARS-CoV-2 positivity. Univariate associations 
with SARS-CoV-2 positivity assessed included sex, age, 
vaccination status and prevention measures adhered 
to (coughing into elbow, handwashing, mask wearing, 
maintaining physical distance and staying home). Data 
were analysed using Microsoft Excel and Stata version 17 
(StataCorp 2021; Stata Statistical Software, Release 17; 
College Station, TX, USA).

Ethical considerations

Ethical approval was obtained from the Chair of the 
Vanuatu Ministry of Health Research and Ethics 
Committee. Written consent was obtained from all adults 
aged over 18 years. For those aged under 18 years, 
parental or caregiver written consent was obtained. 
Participants were informed of their results via a phone 
call and information on isolation was provided as 
per existing Ministry of Health protocols. Cases were 
advised of the symptoms of severe disease and to call 
an ambulance or travel to their closest health facility if 
they developed severe disease. Strict infection control 
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procedures were in place during the survey process, 
including routine testing of fieldwork staff, wearing of 
appropriate personal protective equipment, outdoor data 
collection and maintenance of optimal physical distance 
at all times while collecting specimens.

RESULTS

Participation rate

The cross-sectional survey was conducted over 3 days 
on 7, 8 and 14 April 2022; data collection was delayed 
because of the time required to ensure local authority 
and chief approvals and because of a funeral in one area. 
In total, 363 people were eligible across the two study 
sites and 252 people participated (69.4% participation 
rate). Sixteen empty houses were not included in the 
denominator.

Description of participants

Most participants were aged 18–34 years (range 0–81 
years, average 32 years), and 60% were female (Table 1). 
Over half (66.3%) of adult participants were fully or 
partially vaccinated. There was no statistical difference 
between study sites for age or sex, but self-reported 
receipt of a COVID-19 booster shot and having a previous 
positive SARS-CoV-2 test differed between the two 
groups (P < 0.05). A total of 84 households participated, 
with a mean of 7.1 people per house (range 1–13 people); 
household size did not differ significantly between study 
sites.

Primary outcomes

A total of 175 participants had a specimen collected in 
this study (69% of all participants), with 89 having a 
positive SARS-CoV-2 test result, giving an attack rate 
of 50.9% (95% confidence interval [CI]: 43.2–58.5%; 
Table 2). The cumulative attack rate was 55.3% (95% 
CI: 47.9–62.6%), because 104 participants were positive 
for SARS-CoV-2 infection, including 15 participants who 
had positive results notified to the NSRERU but who did 
not have a specimen collected in the study. Among the 
104 SARS-CoV-2-positive participants, 15 self-reported 
having a positive SARS-CoV-2 test before the study, giving 
an underdetection rate of 85.6% (95% CI: 77.3–91.7%).

An additional 10 participants who reported having 
received a previous positive SARS-CoV-2 test result did 

not have a specimen collected in this study. The 23 
participants who self-reported a positive SARS-CoV-2 
test result before the study had the test conducted at 
the hospital (n = 10), provincial health clinic (n = 4), 
private clinic (n = 4), workplace (n = 3) or home (n 
= 2, data not shown). Among these 23 participants, a 
corresponding notification was identified for 15, giving a 
notification rate of 65.2% (95% CI: 42.7–83.6%).

Over half of the 84 households (n = 50, 59.5%) 
had at least one SARS-CoV-2 case, giving a secondary 
household attack rate of 47.7% (95% CI: 33.2–62.2%) 
(Table 2).

Secondary outcomes

Most participants who were positive for SARS-CoV-2 
reported recent COVID-19 symptoms (n = 83, 80.6%, 
95% CI: 63.0–98.2%). Fig. 1 shows the epidemic 
curve of symptom onset in such participants. A total of 
31 participants (12.3%, 95% CI: 8.5–17.0%) reported 
having a specimen collected for SARS-CoV-2 testing 
within the previous month. Among participants positive 
for SARS-CoV-2, 22 (20.1%, 95% CI: 13.6–30.0%) 
reported having a specimen collected for SARS-CoV-2 
testing in the previous month (Table 2).

In univariate analysis, the odds of SARS-CoV-2 
infection were significantly higher for participants who 
reported wearing a mask sometimes or never compared 
to always (odds ratio [OR]: 5.21, 95% CI: 1.47–18.45), 
or maintaining physical distancing sometimes or never 
compared to always (OR: 1.83, 95% CI: 1.01–3.36) 
(Table 3).

DISCUSSION

This study is one of the first to publish evidence for the 
rapid community transmission of SARS-CoV-2 in a Pacific 
island country. It provides novel evidence that 52% of 
the study population were SARS-CoV-2-positive within a 
few weeks of the first community case being identified 
in Vanuatu. This, and a high secondary attack rate, 
reflected a short incubation period and serial interval. The 
underdetection rate of 91.5% suggests that, at the time 
of the study, about 9 in 10 cases of SARS-CoV-2 had 
not been diagnosed. Optimistically, the results suggest 
that over half of detected cases had been notified to the 
NSRERU.
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Table 1. Description of participants in two administrative areas of Port Vila, Vanuatu, April 2022

Bold P values are statistically significant.

to fully understand barriers to testing, because these 
are critical for pandemic preparedness and response 
activities.

The initial community cases in Port Vila were of 
the BA.1 and BA.2 sublineage of the Omicron variant. 
Compared with the Delta variant, the Omicron variant 
had higher transmissibility,13 a shorter incubation period 
and serial interval,21 a higher rate of asymptomatic 
infection22 and a lower rate of severe infection.23 These 
factors intrinsic to the Omicron variant are likely to have 
driven the high attack rate and high underdetection rate 
in Port Vila, in addition to sociocultural and housing 
factors. Relatively few studies have been conducted to 
investigate underdetection of the Omicron sublineage; 
studies conducted in France14 and South Africa15 
reported similar underdetection rates of 90–95%. The 
level of underdetection reported here demonstrates the 
importance of using a range of surveillance data when 
interpreting case-based surveillance data such as the 
case-fatality rate or hospitalization rate.

The high rates of underdetection suggest insufficient 
testing. WHO recommends minimizing the test positivity 
rate to less than 5% to indicate comprehensive surveillance 
of suspected cases;12 however, the test positivity for the 
study was high at 52%. The reasons for these low testing 
rates are multifaceted and involve structural, health 
system and psychosocial factors. Private car ownership 
is low in Vanuatu, with most of the population using an 
informal system of privately owned minibuses. Restricted 
bus services and road barriers prevented movement of 
people into and within Port Vila; also, loss of income 
during the COVID-19 pandemic reduced capacity to pay 
for bus fares. At the time of the study, the main location 
with free community-based testing was in the grounds 
of Vila Central Hospital. Government policy at the time 
was for people testing positive to be immediately taken in 
buses to a community isolation centre. Anecdotally, there 
was considerable fear of testing in Port Vila because 
of this requirement. There was also hesitancy towards 
testing owing to caregiver and family responsibilities. 
Further community-based research may be warranted 

Characteristic
Study site 1 Study site 2 Total

P
n % n % n %

Total 127 50.4 125 49.6 252 100

Age (years)

<5 years 6 4.7 10 8.0 16 6.3

>0.05

5–17 years 19 15.0 24 19.2 43 17.1

18–34 years 53 41.7 35 28.0 88 34.9

35–54 years 27 21.3 33 26.4 60 23.8

≥55 years 21 16.5 21 16.8 42 16.7

Unknown 1 0.8 2 1.6 3 1.2

Sex

Male 51 40.2 48 38.4 99 39.3

>0.05Female 75 59.1 77 61.6 152 60.3

Unknown 1 0.8 0 0.0 1 0.4

Vaccination status

Fully or partially vaccinated 84 66.1 83 66.4 167 66.3

0.001Not vaccinated 43 33.9 40 32.0 83 32.9

Missing 0 0.0 2 1.6 2 0.8

Description of households

Number of households 38 45 46 55 84 100

Average household size (range) 7.1 (3–13) 7.2 (1–12) 7.1 (1–13) >0.05
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CI: confidence interval; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.
a Denominator includes all 175 participants who had a specimen collected in the study.
b Numerator includes 89 participants detected in this study plus 15 participants with verified previous infection.
c Denominator includes 188 participants with known SARS-CoV-2 test result, excluding those with no testing history.
d Denominator includes all 104 SARS-CoV-2-positive participants.
e Denominator includes all 252 participants.
f Denominator includes all 84 households.
g Rate is only calculated for 50 households with at least one case.

Table 2. SARS-CoV-2 positivity, underdetection and undernotification among participants from two administrative 
areas of Port Vila, Vanuatu, April 2022

Fig. 1. Epidemic curve of symptom onset of SARS-CoV-2-positive participants in two administrative areas of 
Port Vila, Vanuatu, March–April 2022

Outcome n % 95% CI

SARS-CoV-2 positivity

Attack rate (point prevalence) 89 50.9a 43.2–58.5

Cumulative attack rate 104b 55.3c 47.9–62.6

SARS-CoV-2 underdetection

Number of positive participants that were not detected prior to the study  
(self-reported and verified)

89 85.6d 77.3–91.7

SARS-CoV-2 notification rate

Participants self-reporting previous positive test result 23 9.2e 3.2–15.1

Participants self-reporting previous positive test result with corresponding 
notification to surveillance unit

15 65.2f 49.4–81.0

SARS-CoV-2 testing

Participants reporting having had a specimen tested for SARS-CoV-2 during  
the previous month

31 12.3e 5.4–19.2

Positive participants reporting having had a specimen tested for SARS-CoV-2 
during the previous month

22 20.4d 11.5–29.2

Household attack rate

Number of households with at least one case 50 59.5f 44.4–74.6

Secondary household attack rate – 47.7g 34.2–61.2
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CI: confidence interval; SARS-CoV-2: severe acute respiratory syndrome 
coronavirus 2.

Bold P values are statistically significant.

Table 3. Associations with SARS-CoV-2 positivity 
in two administrative areas of Port Vila, 
Vanuatu, April 2022

Predictors of  
SARS-CoV-2 positivity

Odds 
ratio

P 95% CI

Demographics

Male (ref. female) 0.96 >0.05 0.53–1.72

Age (ref. each additional 
year of age)

0.99 >0.05 0.98–1.01

Not vaccinated  
(ref. any vaccination)

1.22 >0.05 0.67–2.27

Prevention measures

Coughed into elbow 
sometimes or never  
(ref. Always)

1.72 0.07 0.96–3.07

Handwashing sometimes  
or never (ref. Always)

1.77 0.101 0.89–3.53

Wore a mask sometimes  
or never (ref. Always)

5.21 <0.01 1.47–18.45

Maintained physical 
distancing sometimes  
or never (ref. Always)

1.83 <0.05 1.01–3.36

Stayed home except for 
essential movements  
(ref. Always)

1.08 0.45 0.46–2.55

Omicron variant.16 The secondary household attack rate 
reported is likely to underestimate the true household 
attack rate because some households may have been 
experiencing within-household transmission at the time 
of the study; therefore, some secondary cases may 
not yet have occurred. Household attack rates in other 
Pacific island countries are not known but are expected 
to be similarly high owing to a range of social, cultural 
and environmental factors (e.g. large household sizes 
due to extended families sharing housing, cooking, water 
and sanitation facilities across many families, low health 
literacy and higher density housing).17

Our analysis suggests that consistent mask wearing 
and physical distancing were protective against infection, 
and that mask wearing was the most protective public 
health and social measure (PHSM) identified. This is 
consistent with international evidence18,19 and is the 
first evidence for effectiveness of PHSMs in community 
settings based in a Pacific island country. The Ministry 
of Health messaging of wearing a mask and physical 
distancing was therefore warranted and successful in 
Vanuatu, and should be retained for future respiratory 
virus outbreaks.

The findings of this study may be considered 
generalizable across Port Vila and to Vanuatu’s second 
small urban centre of Luganville in the north of the 
country, which had similar housing, commercial and 
government hubs, transportation and road access and 
implementation of COVID-19 containment policies such 
as stay-at-home orders. The age and sex structure of the 
sample was broadly similar to that reported for Port Vila 
in the 2020 census, although the average household size 
reported here was higher (7.1 compared with 4.7 people 
per household).20 Similar definitions of a household were 
used in this study and the 2020 Vanuatu census, and 
thus the higher household size reported here may be due 
to households temporarily living together during the stay-
at-home order period. The results may also be considered 
generalizable to small urban centres in other Pacific island 
countries, but are less generalizable to rural areas and 
small islands that do not have government or commercial 
hubs or road access, and where communication on 
containment policies were not easily delivered owing to 
limited communication infrastructure. In these settings, 
transmission and secondary attack rates may have 
been greater; however, there are insufficient data to 
demonstrate this.

The findings suggest that health-care workers 
were diligent in notification requirements during the 
study period. Until 2022, Vanuatu had a paper-based 
notification system whereby medical officers submitted 
notifications to surveillance officers via phone, email 
or in person. An informal assessment among health-
care workers in 2021 revealed poor knowledge about 
notification requirements and processes for COVID-19. 
Therefore, the NSRERU conducted activities such 
as rapid development and roll-out of an electronic 
notification form and brief training of health-care workers 
on notification processes to undertake once a case was 
identified. The notification rate reported here is a positive 
reflection of these surveillance-strengthening activities; 
however, further work is required to ensure notification of 
all notifiable diseases beyond SARS-CoV-2, to facilitate 
case investigation and response.

The reported household secondary attack rate of 48% 
was high compared with similar reports internationally; 
an updated systematic review in March 2022 reported a 
pooled household secondary attack rate of 43% for the 
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Some limitations should be considered. 
Misclassification of true cases not detected due to 
insufficient viral load may have occurred due to older 
infection or new infection; however, RT-PCR has high 
sensitivity with a long period of detection (up to 90 
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may be underestimated owing to the common practice 
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of underdetection and undernotification may be expected 
and should be anticipated when planning for future 
outbreak detection and control activities.

Acknowledgements

The authors gratefully acknowledge the support of the 
Vanuatu Ministry of Health Executive Committee, Shefa 
Community Health Service, area administrators and the 
Vanuatu College of Nursing for approving and supporting 
this study. The authors gratefully acknowledge the 
contributions of volunteers with the Australian Volunteer 
Program (Jessica Seymour, Chris Brown, Mim Sharkie 
and Kelsie Herbert) and Vanuatu College of Nursing 
students in data collection and logistics.

https://covid19.who.int/region/wpro/country/vu
https://www.who.int/news/item/26-11-2021-classificationof-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://covid19.gov.vu/images/Situation-reports/Vanuatu_NHEOC_COVID-19_Situation_Report_61.pdf
https://moh.gov.vu/healthsymposium/docs/2022/3rd%20VHRS_Symposium%20Report.pdf
https://covid19.gov.vu/images/Situation-reports/Vanuatu_NHEOC_COVID-19_Situation_Report_85_.pdf


WPSAR Vol 15, No 1, 2024  | doi: 10.5365/wpsar.2024.15.1.1078https://ojs.wpro.who.int/ 9

Community transmission of SARS-CoV-2 in Vanuatu, April 2022Toa et al

16. Madewell ZJ, Yang Y, Longini IM, Halloran ME, Dean NE. 
Household secondary attack rates of SARS-CoV-2 by variant 
and vaccination status: an updated systematic review and meta-
analysis. JAMA Netw Open. 2022;5(4):e229317. doi:10.1001/
jamanetworkopen.2022.9317 pmid:35482308

17. Bell L, van Gemert C, Merilles OE Jr, Cash HL, Stoové M, Hellard M. 
The impact of COVID-19 on public health systems in the 
Pacific island countries and territories. Lancet Reg Health West 
Pac. 2022;25:100498. doi:10.1016/j.lanwpc.2022.100498 
pmid:35785109

18. Chu DK, Akl EA, Duda S, Solo K, Yaacoub S, Schünemann HJ, et al. 
Physical distancing, face masks, and eye protection to prevent person-
to-person transmission of SARS-CoV-2 and COVID-19: a systematic 
review and meta-analysis. Lancet. 2020;395(10242):1973–87. 
doi:10.1016/S0140-6736(20)31142-9 pmid:32497510

19. Ollila HM, Partinen M, Koskela J, Borghi J, Savolainen R, Rotkirch A, 
et al. Face masks to prevent transmission of respiratory infections: 
systematic review and meta-analysis of randomized controlled trials 
on face mask use. PLoS One. 2022;17(12):e0271517. doi:10.1371/
journal.pone.0271517 pmid:36454947

20. Vanuatu 2020 national population and housing census. Port Vila: 
Vanuatu National Statistics Office; 2021. Available from: https://vnso.
gov.vu/index.php/en/statistics-report/census-report/national-population-
and-housing-census/province, accessed 9 May 2023.

21. Zeng K, Santhya S, Soong A, Malhotra N, Pushparajah D, Thoon KC, 
et al. Serial intervals and incubation periods of SARS-CoV-2 Omicron 
and Delta variants, Singapore. Emerg Infect Dis. 2023;29(4):814–
7. doi:10.3201/eid2904.220854 pmid:36878009

22. Shang W, Kang L, Cao G, Wang Y, Gao P, Liu J, et al. Percentage 
of asymptomatic infections among SARS-CoV-2 Omicron variant-
positive individuals: a systematic review and meta-analysis. Vaccines 
(Basel). 2022;10(7):1049. doi:10.3390/vaccines10071049 
pmid:35891214

23. Menni C, Valdes AM, Polidori L, Antonelli M, Penamakuri S, Nogal A, 
et al. Symptom prevalence, duration, and risk of hospital admission 
in individuals infected with SARS-CoV-2 during periods of omicron 
and delta variant dominance: a prospective observational study 
from the ZOE COVID Study. Lancet. 2022;399(10335):1618–24. 
doi:10.1016/S0140-6736(22)00327-0 pmid:35397851

8. Status of COVID-19 vaccines within WHO EUL/PQ evaluation 
process. Geneva: World Health Organization; 2022. Available 
from: https://extranet.who.int/pqweb/sites/default/files/documents/
Status_COVID_VAX_02March2022.pdf, accessed 9 May 
2023.

9. Coronavirus disease 2019 (COVID-19) Vanuatu situation report 
#60 – 23 January 2022. Port Vila: Vanuatu Ministry of Health; 
2022. Available from: https://covid19.gov.vu/images/Situation-
reports/24012022_Vanuatu_COVID19_NHEOC_SitRep_60.pdf, 
accessed 7 September 2023.

10. Lee J, Song JU. Diagnostic accuracy of the Cepheid Xpert Xpress 
and the Abbott ID NOW assay for rapid detection of SARS-CoV-2: a 
systematic review and meta-analysis. J Med Virol. 2021;93(7):4523–
31. doi:10.1002/jmv.26994 pmid:33913533

11. Mustafa Hellou M, Górska A, Mazzaferri F, Cremonini E, Gentilotti E, 
De Nardo P, et al. Nucleic acid amplification tests on respiratory 
samples for the diagnosis of coronavirus infections: a systematic 
review and meta-analysis. Clin Microbiol Infect. 2021;27(3):341–
51. doi:10.1016/j.cmi.2020.11.002 pmid:33188933

12. Public health criteria to adjust public health and social measures 
in the context of COVID-19: annex to considerations in adjusting 
public health and social measures in the context of COVID-19, 12 
May 2020. Geneva: World Health Organization; 2020. Available 
from: https://apps.who.int/iris/handle/10665/332073, accessed 
24 February 2023.

13. Dong R, Hu T, Zhang Y, Li Y, Zhou XH. Assessing the transmissibility 
of the new SARS-CoV-2 variants: from Delta to Omicron. Vaccines 
(Basel). 2022;10(4):496. doi:10.3390/vaccines10040496 
pmid:35455246

14. Pullano G, Di Domenico L, Sabbatini CE, Valdano E, Turbelin C, 
Debin M, et al. Underdetection of cases of COVID-19 in France 
threatens epidemic control. Nature. 2021;590(7844):134–9. 
doi:10.1038/s41586-020-03095-6 pmid:33348340

15. Yang W, Shaman JL. COVID-19 pandemic dynamics in South Africa 
and epidemiological characteristics of three variants of concern 
(Beta, Delta, and Omicron). Elife. 2022;11:e78933. doi:10.7554/
eLife.78933 pmid:35943138

https://extranet.who.int/pqweb/sites/default/files/documents/Status_COVID_VAX_02March2022.pdf
https://vnso.gov.vu/index.php/en/statistics-report/census-report/national-populationand-housing-census/province

