
Invasive meningococcal disease (IMD) is caused by 
the gram-negative bacterium Neisseria meningitidis. 

Infection cause invasive and life-threatening infection 
including meningitis and meningococcaemia (1,2). 
IMD is caused by bloodstream invasion of 1 of 6 viru-
lent serogroups, A, B, C, X, Y, or W (1). Global dis-
tribution of IMD varies; however, the disease burden 
in Pacific Island countries is not well documented. 
Studies from Australia and New Zealand reported 
endemic and epidemic trends caused by meningococ-
cal serogroups B (MenB) and C (MenC) in the 1990s 
(3,4) but a major reduction in IMD cases after the in-
troduction of routine vaccination (5,6).

In 2018, an outbreak of IMD occurred in Fiji, which 
is a small island developing state with a population 
of 884,887 as of 2017 (7). Health services are adminis-
trated by the Ministry of Health and Medical Servic-
es (MoHMS), which is split into 4 divisions: Central, 
Western, Northern, and Eastern. Each division is fur-

ther separated into subdivisions, medical areas, and 
zones. There are 3 divisional hospitals (Colonial War 
Memorial, Lautoka, and Labasa) with microbiological 
culture capabilities. Primary healthcare is provided 
through 19 subdivisional hospitals and 189 peripheral 
facilities (8). A limited number of private facilities ex-
ist, largely in urban centers. Within the MoHMS is the 
Fiji Centre for Disease Control (Fiji CDC), which man-
ages national infectious disease surveillance and in-
cludes the National Public Health Laboratory (NPHL). 
National IMD surveillance is conducted through 3 
systems: the National Notifiable Disease Surveillance 
System, which reports clinical or culture confirmed 
cases (9); the Vaccine Preventable Disease surveillance 
(VPD), which collects information on laboratory con-
firmed cases (culture, antigen test, and PCR) of IMD 
with serogroup data (9); and the Early Warning, Alert 
and Response Surveillance system, which reports clin-
ically suspected meningitis cases (10).
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We describe an outbreak of invasive meningococcal dis-
ease (IMD) caused by Neisseria meningitidis serogroup C 
in Fiji. We created surveillance case definitions and col-
lected data by using standard investigation forms. Bac-
terial identification, antimicrobial susceptibility testing, 
and PCR were performed in Fiji. Molecular testing was 
conducted at the Microbiological Diagnostic Unit in Mel-
bourne, Victoria, Australia. During January 2016–Decem-
ber 2018, a total of 96 confirmed or probable IMD cases 
were reported. Of case-patients, 61.5% (59/96) were male 

and 38.5% (37) female, 84.4% (81) were indigenous peo-
ple of Fiji, and 70.8% (68) were children <15 years of age. 
Annual incidence increased from 1.8/100,000 population 
in 2016 to 5.2/100,000 population in 2018. Serogroup C 
multilocus serotype 4821 that is resistant to ciprofloxacin 
was prevalent (62.1%, 41/66). Public health measures, 
which included targeted mass vaccination with monova-
lent meningitis C vaccine, were effective in controlling the 
outbreak. We observed a rapid decline in meningitis C 
cases in subsequent years.
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IMD was previously uncommon in Fiji, which 
reported 5–10 cases annually during 2007–2015, ac-
cording to the MoHMS-Health Information Unit. 
Meningococcal vaccination is not in the national 
immunization schedule, and literature on the epi-
demiology of IMD is scarce. During 2004–2016, the 
effect of meningococcal meningitis was evaluated 
in 2 studies that were part of a larger study set on 
meningitis in pediatric and adult populations; of 
note, all strains were MenB (11,12). Similarly, se-
rogroup data from National VPD surveillance re-
corded the occurrence of MenB and serogroup W 
(MenW) in Fiji but no record of MenC before 2016. 
Beginning in October 2016, the number of IMD 
cases has increased steadily. By 2017, an institu-
tional outbreak had occurred, and by early 2018, 
a national outbreak was declared. The confirmed 
prevalent IMD was MenC and multilocus sequence 
type (MLST) 4821. In this article, we describe the 
epidemiology of IMD in Fiji during 2016–2018 with 
a focus on the 2017–2018 MenC outbreak, the in-
terventions used for outbreak control, and postout-
break surveillance.

Methods

Case Definition
Surveillance case definitions were adopted from 
the World Health Organization (13) and Centers 
for Disease Control and Prevention (14). We de-
fined a suspected case as illness in a patient with a 
sudden onset of fever and >1 of the following: se-
vere headache, nausea and vomiting, neck stiffness,  
altered consciousness, or skin rashes such as pete-
chiae or purpura. We defined a probable case as a 
suspected case with an epidemiologic link (living 
in the same house or dormitory, attending same 
school, class, or daycare, sharing food or drink, or 
direct exposure to the case’s oral secretions) to a 
confirmed case. We defined a confirmed case as a 
suspected or probable case with >1 of the follow-
ing: isolation of N. meningitidis from cerebral spinal 
fluid (CSF) or blood, positive PCR, or positive di-
rect antigen test.

We defined an outbreak as a substantial in-
crease in IMD within a defined population above 
what is expected for that place and time (13). We 
defined an institutional outbreak as >2 cases of 
IMD (probable or confirmed cases) within 4 weeks 
among persons with a common institution-based 
affiliation (such as attending the same school) but 
no close contact with each other in a grouping that 
makes epidemiologic sense (14).

Data Collection
We used a standard case investigation form to cap-
ture demographic (age, sex, ethnicity, and residential 
location), clinical (signs and symptoms, laboratory 
results, clinical outcome), and epidemiologic (date 
of onset, contacts, etc.) variables. We collected data 
through review of medical folders, laboratory reports, 
and interviews of patients and family members.

Laboratory Procedures
N. meningitidis was identified by using approved pro-
tocols at the 3 divisional laboratories in Fiji. N. menin-
gitidis serogroups (A, C, Y, and W) were determined 
by using Wellcogen Bacterial Antigen Rapid Latex 
Agglutination Test (Thermo Scientific, https://www.
thermofisher.com).

Antimicrobial susceptibility testing was conduct-
ed by using the disc diffusion method in accordance 
with the Clinical and Laboratory Standards Institute 
guidelines (15). We sent all confirmed isolates to 
NPHL and also referred all CSF samples from patients 
meeting case definitions to NPHL for real-time PCR 
analysis. We extracted N. meningitidis DNA by using 
QIAamp DNA mini kit (QIAGEN, https://www.qia-
gen.com) according to manufacturer instructions. We 
conducted sodC gene–based real-time PCR by using 
singleplex assays with primers and probes specific 
for N. meningitidis (Appendix 1 Table 1, https://ww-
wnc.cdc.gov/EID/article/31/1/24-0476-App1.pdf). 
We prepared the reaction mix to a final volume of 25 
μL that included 2 μL of each primer (forward and 
reverse) and probe, 4.5 μL nuclease free water, 12.5 
μL of iTaq mastermix (Bio-Rad Laboratories, https://
www.bio-rad.com), and 2 μl DNA template. We then 
loaded the final volume onto the CFX96 analyzer 
(Bio-Rad) with thermocycling conditions of 1 cycle of 
95°C for 3 minutes, followed by 39 cycles of 95°C for 
5 seconds and 60°C for 5 seconds. We sent 29 samples 
(5 from 2017 and 24 from 2018) to the World Health 
Organization regional reference laboratories for inva-
sive bacterial VPD at the Microbiological Diagnostic 
Unit public health laboratory (MDU) in Melbourne, 
Victoria, Australia, for serogrouping and whole-ge-
nome sequencing (16).

We used the Nextera XT DNA Library Prepara-
tion Kit (Illumina, https://www.illumina.com) to 
generate libraries that we then sequenced on the 
Nextseq 500 and NextSeq 550 (Illumina) platforms. 
We generated assemblies by using SPAdes v3.15.2 
(https://github.com/ablab/spades) (17) and identi-
fied antimicrobial resistance genes and mutations by 
using abritAMR v1.0.10 with the “–species Neisseria” 
flag (https://github.com/MDU-PHL/abritamr) (18). 
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We further examined the penA allele by a comparison 
of assemblies with penA alleles in PubMLST (https://
pubmlst.org). We identified the N. meningitidis sero-
group, Bexsero antigen sequence type, and the FetA 
protein type in silico by using meningotype (https://
github.com/MDU-PHL/meningotype). We identified 
the MLST by using in silico sequence typing (https://
github.com/tseemann/mlst). We considered how the 
sequences fit into the global context of N. meningitidis 
on the basis of raw read data availability and mem-
bership in the ST4821 clonal complex (CC). We gener-
ated a phylogenetic tree by using the bohra genom-
ics pipeline (https://github.com/MDU-PHL/bohra), 
which implements snippy version 4.4.5 (https://
github.com/tseemann/snippy) and IQtree version 2.0 
(http://www.iqtree.org) by using the NM_FAM18 
reference. We conducted recombination correction by 
using gubbins (https://github.com/nickjcroucher/
gubbins); however, there was no discernible effect on 
the genomic relationships in this dataset. 

To assess the relationships of the Fiji strains with-
in the global context of ST4821 CC, we downloaded 
all available N. meningitidis ST4821 CC assemblies 
from PubMLST on August 1, 2024. We generated a 
neighbor-joining tree of that data by using mashtree 
(19). We generated all tree figures by using R ver-
sion 4.3.1 (The R Project for Statistical Computing, 
https://www.R-project.org) and R Studio version 
2023.09.1+494 (Posit, http://www.rstudio.com) with 
the following library packages; ggtree version 3.10.0 
(20), ggplot2 version 3.4.4 (21), phytools version 2.0.3 
(22), and ggnewscale version 0.4.9 (https://CRAN.R-
project.org/package=ggnewscale).

Data Analysis
We conducted data analysis by using Excel (Micro-
soft, https://www.microsoft.com) and SPSS Statis-
tics 25 (IBM, https://www.ibm.com). We created an 
incidence map by using EpiInfo 7.2. (https://www.
cdc.gov/epiinfo). We characterized demographics, 
clinical profiles, N. meningitidis serogroup patterns, 
and patient outcomes by using descriptive analysis. 
We drew the epidemic curve from actual (n = 87) or 
estimated date of onset (n = 9) by subtracting the in-
cubation period from the date of first visit or date of 
hospital admission. We used census data from 2017 
for overall and age-sex–specific incidence calculation 
(7). We calculated incidence by medical division and 
subdivision by using the 2015 population estimates 
from MoHMS because census data cannot be disag-
gregated for medical subdivisions (23). We calculated 
overall and specific case-fatality rate (CFR) for age 
and gender groups.

Results

Demographic Characteristics
During January 2016–December 2018, a total of 96 cases 
of IMD were reported in Fiji. Of those, 82 cases (85.4%) 
were confirmed, and 14 cases (14.6%) were probable. 
Most reported case-patientss were male (61.5%, n = 
59), iTaukei (indigenous people of Fiji; 84.4%, n = 81), 
and children <15 years of age (71.8%, n = 68) (Table 
1). The median age was 9.5 years (interquartile range 
2–14 years). Approximately half of cases (53.1%, n = 
51) were reported from the Central division.

Annual incidence of IMD tripled from 1.8/100,000 
population (confirmed cases) in 2016 to 5.2/100,000 
population in 2018 (confirmed and probable cases). 
The cumulative incidence for the period was 10.8 
cases/100,000 population. The cumulative incidence 
was highest among children <5 years of age (35.9 
/100,000 population) and men (13.2/100,000 popu-
lation). The highest calculated cumulative incidence 
of 46.6/100,000 population was for male children <5 
years of age. The Eastern division had the highest 
cumulative incidence of 23/100,000 population, fol-
lowed by the Central division at 13/100,000 popula-
tion (Figure 1).

There were 15 deaths from IMD during the pe-
riod, for an overall CFR of 14.6%. The CFR was 2× 
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Table 1. Demographic characteristics of confirmed and probable 
cases in meningococcal C disease outbreak caused by multidrug 
resistant Neisseria meningitidis, Fiji, 2016–2018* 
Characteristic No./total no. (%) 
Sex 

 

 M 59/96 (61.5) 
 F 37/96 (38.5) 
Ethnicity 

 

 iTaukei, indigenous people of Fiji 81/96 (84.4) 
 Indian descent from Fiji 7/96 (7.3) 
 Other ethnicity from Fiji 5/96 (5.2) 
 Non-Fiji citizen 3/96 (3.1) 
Age group, y  
 <1 18/96 (18.8) 
 1–4 14596 (15.6) 
 5–9 15/96 (15.6) 
 10–14 20/96 (21.8) 
 15–19 17/96 (17.7) 
 >20 11/96 (11.5) 
Medical division 

 

 Central 51/96 (53.1) 
 Western 29/96 (30.2) 
 Eastern 9/96 (9.4) 
 Northern 7/96 (7.3) 
Method of confirmation  
 Blood or CSF culture 34/82 (41.5) 
 CSF PCR 24/82 (29.3) 
 Blood or CSF culture and CSF PCR 14/82 (17.1) 
 CSF positive antigen test 9/82 (11.0) 
 Postmortem PCR 1/82 (1.2) 
*CSF, cerebrospinal fluid. 
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higher in women (21.6%) than in men (10.2%) (Ap-
pendix 1 Figure).

Outbreak Detection and Spread
In the fourth quarter (October–December) of 2016, 
there was a progressive increase in reported cases 
of IMD (n = 7), and most (n = 5) had an unspeci-
fied serogroup. Initially, most cases were from the 
Central (n = 5) and Western divisions (n = 2). In the 
first quarter of 2017, there were 3 IMD cases report-
ed from a boarding school in the Eastern division. 
By May 2017, there were 2 additional cases reported 
from the same school, including 1 death. Of those 5 
cases, 4 samples were positive for MenC, MLST 4821, 
resistant to ciprofloxacin and penicillin. The occur-
rence of 3 confirmed cases in 3 consecutive weeks 
at the boarding school resulted in the declaration 
of an institutional MenC outbreak. By the second 
quarter of 2017, community cases of IMD continued 
to rise, and cases were reported from all 4 medical 
divisions. MenC activity increased and became the 
predominant strain (Figure 2).

Case numbers of IMD dropped in the third quar-
ter of 2017 but peaked in the first quarter of 2018, 
when 29 cases were reported (Figure 2). In February 
2018, a second institutional outbreak was reported in 
a boarding school in the Western Division. A total of 3 
confirmed and 8 probable cases of MenC were report-
ed from the boarding school. A national outbreak was 
declared on March 20, 2018, and widespread public 
health interventions were implemented in the coun-
try, including targeted mass vaccination (24). During 
2018, the number of cases progressively declined, and 

the outbreak was officially declared over in the first 
week of December 2018 (25).

Clinical Features
The median time from symptom onset to seeking care 
at a health facility was 1 day (interquartile range 1–2 
days). Common symptoms included fever (97.8%, n 
= 88), vomiting (61.1%, n = 55), headache (47.8%, n = 
43), and rashes (31.1%, n = 28) (Appendix 1 Table 2).

Laboratory Findings
A total of 73 CSF samples were available for culture 
and PCR testing. The positivity rate for CSF PCR was 
52.1% (n = 38) and for culture was 19.2% (n = 14). N. 
meningitidis grew in 51.9% (41/79) of blood cultures. 
We determined the serogroup of 66 isolates and found 
62.1% (n = 41) were MenC, 33.3% (n = 22) MenB, and 
1.5% (n = 1) MenW; 3.1% (n = 2) were inconclusive. 
The first case of IMD caused by MenC was reported 
in August 2016. All MenC strains identified in 2017 
and 2018 were MLST 4821.

According to the antimicrobial susceptibility test-
ing results from the laboratories in Fiji, 35% (n = 15) 
of the total and 46% (n = 11) of the MenC strains were 
susceptible to penicillin (Appendix 1 Tables 3, 4). Sus-
ceptibility to ciprofloxacin was 77% (n = 30) in total 
for all strains and 67% (n = 14) for the MenC strains. 
However, all the MenC isolates (n = 15) sent to MDU 
were reported as decreased susceptibility or resistant 
to ciprofloxacin.

Of the MLST4821 CC sequences available, most 
were serogroup C, MLST 6928 or MLST 5798, ex-
cept 1 strain from MLST 14963 that identified as 
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Figure 1. Cumulative incidence 
(cases/100,000 population) of 
confirmed and probable invasive 
meningococcal disease cases in 
Fiji, by medical subdivision and 
medical areas, 2016–2018. 

http://www.cdc.gov/eid


SYNOPSIS

MenB (26). We observed a high level of genomic 
relatedness among the MLST 4821 strains from Fiji, 
which appear to share a common ancestor (Figure 
3, panel A). Of interest, 1 strain within this clus-
ter typed as MLST 14195 and was isolated from 
New Zealand. When placed in a global context, the 
Fiji strains form a separate cluster from any other 
global isolates available on PubMLST and appear 
to have a common ancestor from strains isolated in 
China (Figure 3, panel B).

The sequences from MLST4821 (Fiji), 
MLST14195 (New Zealand), and MLST6928 (Tai-
wan) all carry the same gyrA mutation (T91I) that 
is not present in the other sequences. Of note, only 
1 Fiji isolate had an rpoB gene mutation (Figure 3, 
panel A). Of interest, the penA mutations (A510V, 
F504L, and N512Y) identified in 5 of the sequences 
from Fiji and 5 of the sequences from Taiwan are 
likely caused by a mosaic penA allele, which arises 
from homologous recombination between related 
species such as N. meningitidis, N. gonorrhoeae (27), 
and other commensal Neisseria species. Despite 
the presence of common mutations between the 5 
strains from Taiwan and the 5 strains from Fiji, the 
penA alleles from the strains from Fiji are in fact 
distinct. Of the strains from Fiji, 2 penA allele num-
bers were identified, 24 and ≈52 (Appendix 2 Table, 
http://wwwnc.cdc.gov/EID/article/31/1/24-
0476-App1.xlsx). Several strains that were isolated 
from Asia, New Zealand, Europe, and the United 
States have the penA allele number 24, along with 
18 of the 23 strains from Fiji.

Outbreak Response
A National Meningococcal Taskforce was established 
in Fiji in March 2018 to coordinate the outbreak re-
sponse and focused on multiple action items. The ac-
tion items were enhancing disease surveillance and 
case detection, early case management, contact trac-
ing, and prevention. 

Enhanced Disease Surveillance and Case Detection
National surveillance was coordinated by the Fiji 
CDC by using laboratory and active surveillance (case 
investigation for suspected cases and contacts). Stan-
dardized data case investigation forms were created 
to enhance clinical and laboratory surveillance. Risk 
communications focused on educating the public to 
enable early recognition of symptoms and encourage 
seeking care early. Health education materials were 
created, and mass media outlets were used to raise 
public awareness. Large gatherings such as sporting 
events and schools were targeted for intensive risk 
communication activities. Awareness for clinicians 
was raised by using alert circulars, interim guidance, 
and training to enable early recognition of cases.

Early Case Management
The existing Public Health Management of Menin-
gococcal Disease Guidelines were revised and made 
available to clinicians and public health teams during 
the week of outbreak declaration. Nationwide train-
ing on the new guidelines was conducted 2 weeks af-
ter outbreak declaration. Ceftriaxone was made avail-
able in all medical subdivisions because the MenC 
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Figure 2. Epidemic curve showing the number of confirmed and probable invasive meningococcal disease cases in Fiji reported monthly 
by serogroup, January 2016–August 2023. Surveillance was interrupted in 2021 because of the COVID-19 outbreak. MenB, Neisseria 
meningitidis serogroup B; MenC, N. meningitidis serogroup C; MenW, N. meningitidis serogroup W; MenY, N. meningitidis serogroup Y.
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strain was resistant to penicillin, which was previ-
ously the first line treatment for suspected cases of 
meningococcal disease. Previously, ceftriaxone was 
only available in the 3 divisional hospitals.

Contact Tracing
Early in the outbreak, household and close contacts of 
IMD cases were given ciprofloxacin (500 mg in a single 
dose) for secondary prophylaxis. Once the MenC strain 
was identified as resistant to ciprofloxacin, the guide-
lines were revised to include rifampin (600 mg 1×/d for 
2 days), and it was made available in all subdivisions.

Prevention
Risk communications focused on early recognition of 
symptoms and basic hygiene for prevention of trans-
mission. Infection prevention control measures were 
strengthened among healthcare workers (HCW).

To control the first institutional outbreak at a 
boarding school, a vaccination campaign was con-
ducted during July 25–27, 2017. A total of 587 stu-
dents, teaching staff, and HCW were vaccinated with 
a quadrivalent (serogroup A, C, W, and Y) vaccine. 
No further cases of meningococcal disease were re-
ported from the school following vaccination.

Subsequently, a nationwide targeted mass vac-
cination campaign among 1–19-year-old persons was 
conducted after the nationwide outbreak declaration. 
During May–October 2018, a total of 315,876 (91%) peo-
ple received monovalent MenC vaccine (Fiji MoHMS, 
unpub. data). The vaccines were funded by the gov-
ernment of Fiji with assistance from the governments 
of Australia and New Zealand, World Health Organi-
zation, and United Nations Children’s Fund.

Postoutbreak Surveillance
Public health surveillance of IMD continued under 
the VPD Unit in Fiji CDC. PCR was conducted on 
CSF samples at NPHL and in 2023 included sero-
group determination. Selected samples were sent to 
MDU for serogroup determination. During January 
1, 2019–August 30, 2023, a total of 23 confirmed cases 
of IMD were reported (Figure 2). In 2019, there were 
2 clusters (April–May and August) of MenC in the 
Western division with an epidemiologic link identi-
fied through outbreak investigation (Figure 2). Sero-
groups in the period after the outbreak included 10 
MenC (9 in 2019 and 1 in 2020), 8 MenB, and 1 MenY, 
whereas 4 IMD were confirmed by culture or direct 
antigen test with no serogroup information. Most 
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Figure 3. Genomic relatedness between Neisseria meningitidis strains identified from invasive meningococcal disease outbreak in 
Fiji, January 2016–August 2023, and publicly available gene sequences. A) Phylogenetic tree of Fiji MLST 4821 isolates and related 
sequences. Bar charts indicate location and presence or absence of antimicrobial resistance genes. A total of 18 MenC strains 
associated with the outbreak and 5 MenC strains from the post outbreak surveillance period were typed as MLST 4821 and included in 
analysis. All 23 strains were found to contain the gyrA point mutation T91I, and only 1 strain contained the rpoB point mutation H553Y. 
Of the 18 strains associated with the outbreak, 5 contained the penA point mutations; A510V, F504L, and N512Y. B) Mashtree generated 
neighbor-joining tree of publicly available PubMLST (https://pubmlst.org) data typed as MLST 4821 clonal complex and the MLST 4821 
Fiji strains. When placed in this global context, the strains from Fiji form a separate cluster and appear to have a common ancestor with 
strains that have been isolated in China. AMR, antimicrobial reistant; MenC, N. meningitidis serotype C; MLST, multilocus sequence 
type; NA, not available.
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(8/10) MenC cases were outside the mass vaccination  
age group (1 was in an 11-month-old baby and 7 were 
in adults, 22–67 years of age). The MenC strains de-
tected during the postoutbreak period were MLST 
4821. There were no MenC cases detected in 2021, 
2022, or as of August 2023.

Discussion
We have described an outbreak of IMD caused by 
a serogroup C MLST 4821 strain of N. meningitidis 
that is a novel occurrence of the disease in Fiji. IMD 
cases in Fiji were low and sporadic, and we could 
not obtain any report of serogroup C meningococ-
cal disease in Fiji before 2016. Routine vaccination 
for IMD was not available, and therefore it can be 
expected that there was no herd immunity in the 
population at the time.

The first case of MenC identified was from an in-
fant in the Western division in August 2016. Because of 
limited laboratory capacity at the subdivision level and 
low index of suspicion among HCW, MenC was likely 
underreported during the initial stages of the outbreak. 
The lack of capacity for serogrouping N. meningitidis 
in Fiji limited the ability to identify the presence of a 
vaccine amenable serogroup. The outbreak strain was 
resistant to ciprofloxacin and penicillin, which raised 
public health concerns because ciprofloxacin was the 
main antimicrobial drug for secondary prophylaxis 
and penicillin was the first-line treatment for suspect-
ed cases. Ciprofloxacin resistance was not identified 
until June 2017. Some disease transmission was likely 
because of the ineffective chemoprophylactic manage-
ment of contacts early in the outbreak.

It is likely the serogroup C strain was imported 
by a returned traveler to Fiji because N. meningitidis 
serogroup C had not been reported in Fiji or the Pa-
cific region before 2016. MenC MLST 4821 resistant to 
ciprofloxacin is an endemic strain in China (28–30), 
and imported cases have been reported in Canada 
(31) and Japan (32). When given global context, strains 
that were isolated from China within the MLST 4821 
CC appear to represent a common ancestor of the 
strains from Fiji, supporting the hypothesis of the in-
troduction of a single strain that was then transmit-
ted locally. Importation of a contagion leading to an 
outbreak had previously been reported in Fiji when a 
measles outbreak occurred in 2006, which was traced 
to a tourist who visited the country (33).

A likely factor contributing to the outbreak was 
the category 5 tropical cyclone Winston, which hit Fiji 
in early 2016 and caused extensive damage to infra-
structure, housing, and population displacement (34). 
The areas that suffered the greatest effects were the 

Western, Northern, and Eastern divisions (35). The 
2 boarding schools where institutional outbreaks oc-
curred sustained heavy damage to dormitories from 
the cyclone. That damage contributed to overcrowd-
ing, a well-described risk factor for spread of me-
ningococcal disease. The first institutional outbreak 
coincided with a school holiday period and the exo-
dus of students from school to surrounding areas for 
the holiday period that likely led to spread of MenC 
around the country in 2017.

The IMD outbreak affected the indigenous 
population to a much larger extent than other eth-
nic groups within the country. Disease transmission 
might have been affected by the social patterns of this 
ethnic group; living with extended families is com-
mon, large social gatherings are frequent, and popu-
lation mobility between communities and islands is 
high. Disproportionately higher incidence of IMD has 
also been described in the indigenous populations of 
Australia (36) and New Zealand (4).

This outbreak demonstrated the importance of 
molecular diagnostics. Most CSF negative cultures 
tested positive by using CSF PCR at NPHL, which 
was the only medical laboratory conducting real-time 
PCR in Fiji at the time. In 2023, the capacity to sero-
group samples was developed, which strengthened 
the surveillance capacity in Fiji. The early identifica-
tion of N. meningitidis cases, including vaccine pre-
ventable serogroups, because of serogrouping avail-
ability is critical for early control of IMD.

In conclusion, an epidemic of IMD occurred 
in Fiji during 2017–2018, caused by a serogroup C 
MLST 4821 strain of N. meningitidis that was most-
ly likely introduced into the country by travel. The 
young and indigenous populations were dispropor-
tionately affected. Public health measures such as 
rapid case identification and management, contact 
tracing, prophylaxis for close contacts, public risk 
communications, HCW training and awareness, and 
targeted mass vaccination were effective in control-
ling the outbreak.
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etymologia revisited
Trichinella spiralis 
[tri·kuh·neh′·luh spr·a′·luhs]

Trichinella is derived from the Greek words trichos (hair) and ella (di-
minutive); spiralis means spiral. In 1835, Richard Owen (1804–1892) and 

James Paget (1814–1899) described a spiral worm (Trichina spiralis)–lined 
sandy diaphragm of a cadaver. In 1895, Alcide Raillet (1852–1930) renamed 
it as Trichinella spiralis because Trichina was attributed to an insect in 1830. 
In 1859, Rudolf Virchow (1821–1902) described the life cycle. The genus in-
cludes many distinct species, several genotypes, and encapsulated and non-
encapsulated clades based on the presence/absence of a collagen capsule.
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Appendix 1 Table 1. Sequences and concentrations of the primers and probes used in Fiji Centre of Disease Control 

Target gene Forward primer (F) Reverse primer (R) Probe (P) 
Concentration of oligo 

(F/R/P) per reaction (nM) 
sodC GCACACTTAGGTGAT

TTACCTGCAT 
CCACCCGTGTGGAT

CATAATAGA 
FAM-

CATGATGGCACAGCAACAAATCCTG
TTT-BHQ1 

300/600/100 

sacB AAAATTCAATGGGTA
TATCACGAAGA 

ATATGGTGCAAGCT
GGTTTCAATAG 

FAM-CTA AAA G"T"A GGA AGG GCA 
CTT TGT GGC ATA AT-SpC6 

 

synD GCT ACC CCA TTT 
CAG ATG ATT TGT 

ACCAGCCGAGGGT
TTATTTCTAC 

FAM-AAG AGA TGG GYA ACA AC"T" 
ATG TAA TGT CTT TAT TT-SpC6 

 

synE CCC TGA GTA TGC 
GAA AAA AAT T 

TGCTAATCCCGCCT
GAATG 

FAM-TTT CAA TGC "T"AA TGA ATA 
CCA CCG TTT TTT TGC-SpC6 

 

synG TATTTATGGAAGGCA
TGGTGTATG 

TTGCCATTCCAGAA
ATATCACC 

FAM-AAA TAT GGA GCG AAT GAT 
TAC AGT AAC TAT AAT GAA-SpC6 

 

xcbB TGTCCCCAACCGTTT
ATTGG 

TGCTGCTATCATAG
CCGCC 

FAM-TGT TTG CCC ACA TGA ATG 
GCG G-BHQ1 

 

synF TCCGAGCAGGAAAT
TTATGAGAATAC 

TTGCTAAAATCATTC
GCTCCATAT 

FAM-TAT GGT G"T"A CGA TAT CCC 
TAT CCT TGC CTA TAA T-SpC6 

 

 
 
 
Appendix 1 Table 2. Clinical features and admission diagnoses of confirmed and probable cases of IMD in Fiji, 2016-2018 
Characteristics Total(n=90*) no. (%) <5 years(n=29) no. (%) > 5 years(n=61) no. (%) 
Symptoms    
 Fever 88(97.8) 28 (96.6) 60(98.4) 
 Vomiting 55(61.1) 12(41.4) 43(70.5) 
 Headache 43(47.8) 2(6.9) 41(67.2) 
 Skin rashes 28(31.1) 10(37.9) 17 (27.9) 
 Loss of appetite 25(27.8) 13(44.8) 12(19.7) 
 Neck stiffness 24(26.7) 5(17.2) 19(31.1) 
 Confusion 20(22.2) 3(10.3) 17(27.9) 
 Seizure 19 (21.1) 8(27.6) 11(18.0) 
 Nausea 17 (18.9) 3(10.3) 14 (23.0) 
 Ecchymosis 7(7.8) 3(10.3) 4(6.4) 
 Photophobia 4(4.4) 0 4(6.6) 
Admission diagnoses    
 Meningitis 52 (57.8) 16 (55.2) 36 (59.0) 
 Meningococcaemia 16 (17.8) 6 (20.7) 10 (16.4) 
 Pneumonia 2 (2.2) 1 (3.4) 1 (1.6) 
 Other† 11(12.2) 4 (13.8) 7 (11.5) 
 Unknown 9 (10.0) 2 (6.9) 7 (11.5) 
*Six patients with no clinical information were excluded 
†Includes acute confusional state (n=3), acute gastroenteritis (n=3), contacts of meningococcaemia case (n=2), acute febrile illness (n=2) and 
septicaemia (n=1) 
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Appendix 1 Table 3. Antimicrobial susceptibility testing results performed in Fijian laboratories, 2016–2018* 
Antimicrobials Total Resistant n Susceptible n Susceptible % 
All 
 Penicillin 42 27 15 36 
 Chloramphenicol 17 0 17 100 
 Ciprofloxacin 39 9 30 77 
 Erythromycin 19 1 18 95 
 Doxycycline 20 2 18 90 
 Rifampicin 15 0 15 100 
 Ceftriaxone 37 0 37 100 
Serogroup B 
 Penicillin 16 13 3 19 
 Chloramphenicol 6 0 6 100 
 Ciprofloxacin 16 1 15 94 
 Erythromycin 7 1 6 86 
 Doxycycline 8 2 6 75 
 Rifampicin 5 0 5 100 
 Ceftriaxone 15 0 15 100 
Serogroup C 
 Penicillin 24 13 11 46 
 Chloramphenicol 11 0 11 100 
 Ciprofloxacin 21 7 14 67 
 Erythromycin 11 0 11 100 
 Doxycycline 11 0 11 100 
 Rifampicin 10 0 10 100 
 Ceftriaxone 20 0 20 100 
*Include all isolates (N=42), serogroup B (n=16), serogroup C (n=24) serogroup W (n=1) and unknown serogroup (n=1). 

 
 
 
Appendix 1 Table 4. Antimicrobial susceptibility testing results performed in MDU laboratory on 15 serogroup C strains, 2016–
2018* 

Antimicrobials Total Resistant n† Susceptible n Susceptible % 
Penicillin 15 14 1 7 
Chloramphenicol Not done Not done Not done Not done 
Ciprofloxacin 15 15 0 0 
Erythromycin Not done Not done Not done Not done 
Doxycycline Not done Not done Not done Not done 
Rifampicin 14 1 13 93 
Ceftriaxone 15 0 15 100 
*MDU, Microbiological Diagnostic Unit 
†There were 5 discordant AST results for ciprofloxacin and one for rifampicin where resistant strains in MDU were reported as susceptible (sensitive) in 
Fijian laboratories. 

 
 
 
Appendix 1 Table 5. Characteristics of clonal cluster 4821 included in the whole genome sequencing analysis* 
Isolate ID Year of collection FetA PorA fHbp NHBA NadA BAST 
AUSMDU00008749 2017 F3-3 5,2 215 503 0 NA 
AUSMDU00008750 2017 F3-3 5,2 420 503 0 NA 
AUSMDU00009809 2017 F3-3 5,2 22 503 0 3041 
AUSMDU00009847 2017 F3-3 5,2 420 503 0 NA 
AUSMDU00009811 2017 F3-3 5,2 22 503 0 3041 
AUSMDU00013127 2017 F3-3 5,2 54 503 0 NA 
AUSMDU00013128 2017 F3-3 5,2 420 503 0 NA 
AUSMDU00013129 2017 NA 5,2 22 503 0 3041 
AUSMDU00013130 2017 NA 5,2 90 503 0 NA 
AUSMDU00013131 2017 F3-3 5,2 22 503 0 3041 
AUSMDU00013132 2018 NA 5,2 13 503 0 NA 
AUSMDU00013135 2018 F3-3 5,2 22 503 0 3041 
AUSMDU00015102 2017 F3-3 5,2 22 503 0 3041 
AUSMDU00015103 2017 F3-3 5,2 22 503 0 3041 
AUSMDU00015105 2018 F3-3 5,2 420 503 0 NA 
AUSMDU00016639 2018 NA 5,2 22 503 0 3041 
AUSMDU00018457 2018 F3-3 5,2 22 503 0 3041 
AUSMDU00018459 2018 F3-3 5,2 22 503 0 3041 
AUSMDU00036081 2019 F3-3 5,2 393 503 0 NA 
AUSMDU00036082 2019 F3-3 5,2 new 503 0 NA 
AUSMDU00036083 2019 F3-3 5,2 new 503 0 NA 
AUSMDU00036084 2019 F3-3 5,2 new 503 0 NA 
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Isolate ID Year of collection FetA PorA fHbp NHBA NadA BAST 
AUSMDU00036089 2019 F3-3 5,2 new 503 0 NA 
ERR3336532 2014 new 20,23-7 141 669 0 NA 
SRR10610911 2018 F3-3 5,2 22 503 0 3041 
SRR18091102 2014 F5-8 12-14,new 404 697 0 NA 
SRR18091103 2013 F5-8 12-14,13-20 404 697 0 3729 
SRR18091110 2012 F3-3 7-2,14 80 503 0 802 
SRR18091130 2020 F3-3 20,23 22 503 0 4460 
SRR18091183 2018 F3-3 20-3,23-6 420 503 0 4478 
SRR18091189 2011 F3-3 20,23-1 22 503 0 3703 
SRR18091213 2017 F3-3 20-3,23-6 420 503 0 4478 
SRR18091214 2017 F3-3 20-3,23-6 420 503 0 4478 
SRR18091215 2017 F3-3 20-3,23-6 420 503 0 4478 
SRR18091216 2017 F3-3 20-3,23-6 420 503 0 4478 
SRR18091223 2016 F3-3 20,23-7 22 503 0 4492 
SRR18091240 2008 F5-8 12-14,13-20 404 697 0 3729 
SRR18091246 2007 F3-36 20,23 488 669 0 4497 
SRR18091255 2007 F5-8 12-14,13-20 404 697 0 3729 
*BAS, Bexsero antigen sequence type; ID, identification. 
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