
Invasive meningococcal disease (IMD) remains a 
major cause of death and permanent disability 

worldwide (1). IMD is caused by Neisseria meningitidis, 
a gram-negative diplococcus bacterium, which fre-
quently colonizes the human nasopharynx and might 
spread from person-to-person by respiratory droplets 
or direct contact with respiratory secretions. However, 
only a small proportion of persons will show develop-
ment of invasive infection, typically with serogroups 
A, B, C, W or Y (2). IMD is most common in the dry 
winter and spring, in overcrowded households, and 
in persons who have preceding upper respiratory 
tract infections, splenectomy, and in the presence of 
terminal complement deficiencies (3,4).

Untreated, IMD can rapidly progress to death or 
major disability because of sepsis and the sequelae 
of meningitis. Early disease identification and treat-
ment with parenteral antimicrobial drugs are vital in 
reducing illness and death. Initial signs and symp-
toms of the disease can be nonspecific and difficult 
to distinguish from those of less severe illnesses (5). 
In addition to the typical manifestations of sepsis or 
meningitis, atypical manifestations are well described 
and include septic arthritis, pneumonia, pericarditis, 
gastroenteritis, and epiglottitis (5–9). Conjunctivitis 
is also recognized, although is not usually associated 
with systemic illness (10,11).

Since early outbreaks were described during 
the Hajj pilgrimages of 2000 and 2001 (12,13), IMD 
caused by N. meningitidis serogroup W (MenW) has 
been increasingly responsible for epidemics globally 
(1,14–16). MenW has also emerged as a cause for en-
demic disease in South Africa, the United Kingdom, 
and Chile (17–19).

In Australia, IMD has historically been caused by 
endemic cases of serogroup B and C infection (3,6). 
Since 2013, there has been an increase in the incidence 
and proportion of IMD caused by MenW; in 2016, it 
was the predominant meningococcal serogroup in 
Australia (3,6). During 2003–2015, the case-fatality 
rate for infection with MenW in Australia was 10.7%, 
which was more than twice the case-fatality rate for 
all IMD serogroups combined (6). Until 2017, the 
Northern Territory was the only state in Australia 
that had not experienced an increase in IMD caused 
by MenW (20).

A conjugate meningococcal C vaccine has been 
funded and provided by the Australian National Im-
munisation Program since 2003 for all children at the 
age of 12 months, which reflects the previous pre-
dominance of IMD caused by this serogroup (6,21). 
A meningococcal B vaccine, and several quadrivalent 
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Neisseria meningitidis serogroup W has emerged as an 
increasingly common cause of invasive meningococcal 
disease worldwide; the average case-fatality rate is 10%. 
In 2017, an unprecedented outbreak of serogroup W in-
fection occurred among the Indigenous pediatric popu-
lation of Central Australia; there were 24 cases over a 
5-month period. Among these cases were atypical mani-
festations, including meningococcal pneumonia, septic 
arthritis, and conjunctivitis. The outbreak juxtaposed a 
well-resourced healthcare system against unique chal-
lenges related to covering vast distances, a socially 
disadvantaged population, and a disease process that 
was rapid and unpredictable. A coordinated clinical and 
public health response included investigation of and em-
piric treatment for 649 febrile children, provision of pro-
phylactic antimicrobial drugs for 465 close contacts, and 
implementation of a quadrivalent meningococcal ACWY 
conjugate vaccine immunization program. The response 
contained the outbreak within 6 months; no deaths and 
only 1 case of major illness were recorded.

SYNOPSIS



SYNOPSIS

meningococcal A, C, W, Y (MenACWY) conjugate 
vaccines, are registered for use in Australia but were 
not part of the funded program during 2017 (6,21).

During July–December 2017, an outbreak of IMD 
caused by MenW occurred in Central Australia. We 
report case manifestations and the clinical and public 
health response.

Methods

Ethics and Setting
This study was approved by the Central Australian 
Human Research Ethics Committee (CA-18-3032). 
Alice Springs Hospital is the regional referral center 
for Central Australia and has a catchment area that 
covers ≈1.6 million km2 (Figure 1). This area encom-
passes the city of Alice Springs, Northern Territory, 
and the surrounding remote communities and has a 
total population of ≈60,000 persons, many of whom 
are Indigenous Australians, identifying as Aboriginal 
or Torres Strait Islander (ATSI). The hospital has a 40-
bed pediatric ward with ≈1,800 pediatric admissions/
year. The closest tertiary pediatric service with a pe-
diatric intensive care unit (ICU) is ≈1,600 km away, in 
Adelaide, South Australia.

Of the 58 communities within the catchment 
area, 20 are within South Australia and Western 
Australia state jurisdictions. Pediatric patients 
from these communities are treated at Alice Springs 
Hospital because of cultural links and the relative 
proximity of the pediatric unit in comparison to 
those within state borders. The communities are lo-
cated 80–1,000 km from the hospital. Most remote 
communities are serviced by a local medical clinic 
staffed by remote area nurses or general practitio-
ners. The clinics are equipped with common anti-
microbial drugs, including ceftriaxone, and are able 
to administer these drugs by intravenous cannula-
tion or intramuscular injection. The clinic staff do 
not routinely perform more complex investigative 
procedures such as lumbar punctures and difficult 
venipuncture.

Case Definitions and Laboratory Methods
After the outbreak period, we conducted a retro-
spective review of MenW cases treated by the Alice 
Springs Hospital pediatric service during July–De-
cember 2017. We used a standardized questionnaire 
to gather information from medical records at the 
hospital and, where necessary, at the community clin-
ics. We defined cases as detection of N. meningitidis 
by culture or PCR from a usually sterile site (blood, 
cerebrospinal fluid [CSF], or synovial fluid) or from 

purulent eye discharge, with serogrouping demon-
strating serogroup W.

Culture samples were initially incubated in the 
Bact/Alert 3D Microbial Detection System (bioMéri-
eux, https://www.biomerieux.com). Positive blood 
cultures were then inoculated onto chocolate agar 
and further incubated in an atmosphere of 5% CO2 at 
35°C. Colonies were identified N. meningitidis by us-
ing API NH (bioMérieux). Susceptibility testing was 
performed by using Etest (bioMérieux) and the Aus-
tralian Meningococcal Surveillance Programme in-
terpretive criteria (20) and serogroup determined by 
using Pastorex Meningitis test kits (Bio-Rad, https://
www.bio-rad.com) and Remel Meningococcus Ag-
glutinating Sera (ThermoFisher Scientific, https://
www.thermofisher.com). Meningococcal PCR was 
used for the sodC, porA, and ctrA genes by using 
reported methods (22,23). Cultured isolates were 
subsequently characterized by using multilocus se-
quence typing (24).

Clinical and Public Health Response
In September 2017, after 9 case-patients with MenW 
(4.1 cases/100,000 persons in the ATSI population 
<15 years of age) had been admitted to the pediat-
ric ward at Alice Springs Hospital, the Centre for 
Disease Control (CDC) in the Northern Territory 
declared an outbreak (25). A clinical and public 
health response was coordinated by CDC and Alice 
Springs Hospital.

The team developed a clinical case definition 
to denote any child <16 years of age who had a fe-
ver (temperature >38°C) as a suspected case-patient 
with IMD. A management protocol, referred to as 
the fever protocol, was instituted in which all pa-
tients from the Alice Springs Hospital catchment 
area who fit the case definition were investigated 
by using a blood culture and meningococcal PCR, 
and treated empirically with intravenous or intra-
muscular ceftriaxone (100 mg/kg/d) until their 
results were available. Additional investigations 
(e.g., lumbar puncture) were performed as clini-
cally indicated. All primary and secondary health 
services in the Alice Springs Hospital catchment 
area across the Northern Territory, South Austra-
lia, and Western Australia followed this protocol. 
Patients from remote communities were retrieved 
by the Royal Flying Doctor Service (RFDS) and 
admitted to Alice Springs Hospital for observa-
tion until their results were available. For patients 
from urban Alice Springs, access to transport and 
social circumstances were considered in determin-
ing admission to the pediatric ward or discharge 
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home with outpatient review within 24 hours by a 
dedicated, daily, pediatric fever clinic. Cases were  
classified on the basis of clinical signs and symptoms 
at presentation and  investigation results (Table 1) 
and based on case definitions used in previous out-
breaks (7,10,11,26–29).

Concurrent to the clinical response, CDC launched 
a widespread public health response that included pro-
viding prophylactic antimicrobial drugs (ceftriaxone 
or ciprofloxacin) to close contacts and implementing  

of an MenACWY immunization campaign. A total of 
530 close contacts (30) were identified, of whom 465 
(87.7%) received prophylactic antimicrobial drugs.

The immunization campaign began in early Oc-
tober 2017. Initially, the vaccine was provided for all 
persons 1–19 years of age who were living in remote 
communities in the Central Australia, Barkly, and 
Katherine West regions. In urban Alice Springs, Ten-
nant Creek, and Katherine, the vaccine was initially 
provided to ATSI persons (1–19 years of age), but on 
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Figure 1. Alice Springs Hospital 
catchment area, Central Australia. 
Red dot indicates Alice Springs 
township; orange dots indicate 
Northern Territory communities; 
purple dots indicate Western 
Australia communities;  
gray dots indicate South  
Australia communities.
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November 1, 2017, this campaign was expanded to 
also include non-Indigenous persons. On  December 
1, 2017, the MenACWY vaccine replaced the menin-
gococcal C vaccine in the Northern Territory vacci-
nation schedule for all babies 12 months of age. As 
March 21, 2018, the MenACWY vaccine had been ad-
ministered to 81% of the estimated eligible ATSI pop-
ulation and to 49% of the estimated eligible non-In-
digenous population living in the outbreak area (31).

As the immunization campaign was implement-
ed, the protocol for managing febrile patients was ad-
justed to reflect immunization status. Management of 
immunized patients was based on their clinical signs 
and symptoms, rather than on the presumption of 
IMD. The outbreak was declared over on March 23, 
2018, 3 months after the last case was identified.

Results

Outbreak Description
During the 5 months starting in July 2017, a total of 
24 patients with MenW were admitted to the Alice 
Springs Hospital pediatric ward. We found an attack 
rate of 10.9 cases/100,000 persons for the ATSI popu-
lation <15 years of age (Figure 2). In comparison, in 
Australia during 2011–2015, there were 0–2 cases/
year in the ATSI population (0–0.9 cases/100,000 per-
sons/year) and 9 cases during 2016 (4.1 cases/100,000 
persons) (20,25,32).

During the 9-month outbreak period, ≈649 pa-
tients were managed under the fever protocol. In 
addition to the 24 cases of MenW, 1 case was caused 
by meningococcal serogroup Y and 1 by nongroup-
able meningococci. One additional case-patient had 
MenW during March 2017 (isolated meningococce-
mia) but the isolate was a different sequence type (ST) 
and was not classified as part of the outbreak. Two 
additional cases of MenW occurred in adult patients 
during this time but were not managed according to 
the pediatric fever protocol.

The 24 cases of MenW during the outbreak 
comprised 23 cases of IMD and 1 case of MenW 

conjunctivitis. Only 1 patient had had possible con-
tact with an index case-patient; this contact was 4 
days before development of MenW infection. For 
all other patients, there was no identified contact 
with an index case-patient.

We compiled demographic and clinical details for 
the 24 outbreak patients (Table 2). The patients came 
from 18 of the 58 communities in the Alice Springs Hos-
pital catchment area (Figure 1). All cases were among 
ATSI children. Fifteen (63%) patients were transferred 
to Alice Springs Hospital from remote communities by 
the RFDS. There were more male (71%) patients than 
female (29%) patients. Patients ranged in age from 3 
months to 14 years; 54% were <4 years of age.

The MenACWY immunization campaign started 
in early October 2017. After mid-October, 6 addition-
al cases of IMD were reported; the final case-patient 
came to the hospital on December 23, 2017 (Figure 
2). All cases of MenW occurred in unimmunized pa-
tients. One patient with suspected MenW infection 
had received the MenACWY vaccine 12 days before 
being identified. For this case-patient, the blood PCR 
result was equivocal; the patient was given intrave-
nous antimicrobial drugs for 5 days, but results for 
this patient are not included in this report.

Seventeen (71%) cases were confirmed by culture 
(blood, synovial fluid, or eye swab specimen) and 7 
by PCR (blood or CSF). Of the cases that were culture 
positive, susceptibility to penicillin was intermediate 
(MIC 0.064 to <0.5 µg/mL) for 15 cases (88%) and re-
sistant (MIC >0.5 to 1 µg/mL) for 2 cases (12%). No 
isolates were penicillin susceptible, and all were sus-
ceptible to ceftriaxone. Multilocus sequence typing of 
isolates indicated that all belonged to clonal complex 
11 (MenW:cc11), ST 1287 (33).

All but 1 case-patient (96%) had samples that 
were tested by PCR. For 7 case-patients, this testing 
was necessary to obtain a diagnosis because ceftri-
axone had been administered before blood or CSF 
collection. For the remaining 16 case-patients, PCR 
testing was used to obtain a more rapid diagnosis 
because PCR results were available in a shorter time 

1358	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 7, July 2020

 
Table 1. Diagnostic categories of patients with meningococcal serogroup W infection, Central Australia, 2017* 

Diagnostic category (reference) Clinical signs/symptoms 
Site of MenW isolation by 

culture or PCR Additional investigations 
Meningococcemia (28,29) Fever (temperature >38°C) without a focus Blood None 
Meningitis  Fever; any signs of meningism (e.g., 

headache, neck stiffness, photophobia) 
CSF None 

Bacteremic pneumonia (7,26,27) Fever; cough Blood Radiologic consolidation 
by chest radiograph 

Septic arthritis (7) Fever; joint pain and swelling Synovial fluid None 
Conjunctivitis (10,11) Conjunctival inflammation with purulent 

discharge 
Eye discharge None 

*CSF, cerebrospinal fluid; MenW, serogroup W of Neisseria meningitidis. 
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frame than culture results, thereby enabling prompt 
allocation of appropriate resources.

All case-patients with invasive disease had a fe-
ver (temperature >38°C) (Table 2). The time interval 
between first arrival at a clinic and commencement 
of appropriate antimicrobial drug treatment (ceftriax-
one) varied between 36 minutes and almost 55 hours 
(median 4.7 hours) (Table 2). For the patient who re-
ceived ceftriaxone 55 hours after first arrival, the pa-
tient received daily examinations at the local clinic for 
respiratory symptoms. The first documented fever 
was on day 3 of illness, at which point ceftriaxone was 
administered and the patient was transferred to Alice 
Springs Hospital by RFDS. The patient was given a 
diagnosis of isolated meningococcemia, given ceftri-
axone for 5 days, and showed a full recovery.

Seven patients received penicillin (amoxicillin 
or benzathine penicillin) before ceftriaxone. Of those 
patients, 5 had positive cultures, 4 had intermediate 
penicillin sensitivity, and 1 had penicillin resistance. 
For 6 case-patients, penicillin was administered be-
fore specimen collection (≈8–24 hours before for each 
case-patient). The mean time from initial clinic arrival 
to first dose of ceftriaxone was significantly longer for 
these patients compared with patients who received 
ceftriaxone as first-line treatment (26.1 hours vs. 6.0 
hours; p = 0.0011). The mean length of stay was also 
significantly longer for patients who initially received 
penicillin compared with patients who received cef-
triaxone as first-line therapy (25.6 days vs. 6.4 days, p 
= 0.06). These patients include 1 patient who required 
transfer to a tertiary center because of meningococ-
cemia, purpura fulminans, and a below-knee ampu-
tation and who had a prolonged hospital admission 
(128 days). The time interval from initial clinic arrival 
to the first dose of ceftriaxone for this patient was 16.8 
hours. Benzathine penicillin had been administered 
previously, and the isolate from this case-patient 
showed intermediate susceptibility to penicillin.

There were no deaths during the outbreak. Four 
(17%) patients (2 with meningitis, 1 with isolated me-
ningococcemia, and 1 with purpura fulminans) were 
initially admitted to the ICU; the remainder were 
admitted directly to the pediatric ward. When we 
excluded the patient who had major illness and re-
quired transfer to a tertiary center, we found that the 
median length of stay for the remaining 23 patients 
was 5 days (range 4–15 days) (Table 2).

The most common diagnosis was isolated me-
ningococcemia (50%), followed by meningitis (25%), 
bacteremic pneumonia (17%), septic arthritis (4%), 
and conjunctivitis (4%) (Table 2). Typical manifesta-
tions occurred across all age groups, whereas atypical 

manifestations occurred only in younger patients (<7 
years of age). Of the 12 patients with isolated menin-
gococcemia, 7 (58%) were suspected by the admitting 
clinician of having alternative dignoses: pneumoni-
tis/bronchiolitis (2), gastroenteritis (2), meningitis (1), 
acute rheumatic fever (1), and viral illness (1). Three 
patients had a purpuric rash (purpura fulminans de-
veloped in 1 of these patients). There was no signifi-
cant difference in age (mean 9.3 years vs. 3.8 years; 
p = 0.08) or the time interval to receiving ceftriaxone 
(mean 11.5 hours vs. 11.5 hours; p = 0.30) between 
patients with isolated meningococcemia who had a 
purpuric rash compared with patients who did not 
have this rash.

Six (25%) patients had meningitis, all confirmed 
by PCR for CSF. One patient who had meningitis also 
had meningococcemia (positive blood culture and 
PCR). Four patients with meningitis (80%) had per-
sistent bradycardia during their admission.

Four (17%) patients had MenW bacteremic pneu-
monia. Eight (33%) patients had arthritis or arthralgia 
as an initial symptom, but only 1 patient was given a 
diagnosis of MenW septic arthritis. One patient had 
severe, bilateral MenW conjunctivitis that was con-
firmed by culture and PCR. Although conjunctivitis 
was not invasive disease, this patient was admitted 
for administration of parenteral antimicrobial drugs 
and required a public health response. Despite ap-
propriate antimicrobial treatment, 4 patients had a 
prolonged admission at Alice Springs Hospital (12–15 
days) because of persistent fevers, persistent arthral-
gias, or both.

Anaphylaxis developed in 1 patient managed 
under the fever protocol after administration of  
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Figure 2. Timeline for outbreak of meningococcal W disease, 
showing case manifestations, by month, Central Australia,  
2017. MenACWY, quadrivalent meningococcal A, C, W, Y 
conjugate vaccine.



SYNOPSIS

ceftriaxone. This patient was given treatment in the 
emergency department at Alice Springs Hospital and 
admitted to the ICU overnight for observation. The pa-
tient had had no history of allergy or anaphylaxis to any 
antimicrobial drug. This episode was the only adverse 
event that occurred as a result of the fever protocol.

Discussion
The outbreak of MenW among the ATSI population 
in Central Australia was unique because it juxtaposed 
a well-resourced healthcare system against challeng-
es related to covering vast distances, a socially dis-
advantaged population, and a disease process that 
was  rapid and unpredictable. The clinical and pub-
lic health responses resulted in no deaths and only 
1 case-patient who had major illness, in contrast to 
previously documented case-fatality rates elsewhere 
of 10% (2,6,34,35).

The ATSI population of Australia has a higher 
rate of IMD than the non-Indigenous population 
(36,37). During 2016, Indigenous persons in Australia 
comprised 3.3% of the total population of this country 
but accounted for >10% of IMD reports (38). The ATSI 
population has a high disease burden for numerous 
infectious conditions, including lower respiratory 
tract infections, group A Streptococcus skin sores, and 
scabies (39,40). The underlying determinants relate 
to socioeconomic factors and include higher rates of 
overcrowded housing, educational disadvantage, 
poorer nutrition, higher unemployment rates, and re-
duced access to specialist medical care (41). These fac-
tors overlap with known risk factors for IMD (42–44).

Early signs of IMD make it difficult to distin-
guish from other causes of febrile illness. Therefore, 
the broad case definition used in the fever protocol 
was considered necessary, given the remote location 
of the affected communities. The spread of a relative-
ly small number of pediatric patients across a wide 
and remote area, with access to well-equipped local 
medical services, an air retrieval service (RFDS), and 
a secondary pediatric referral service, made the fever 
protocol response possible.

A total of 25% of case-patients had atypical 
manifestations of IMD (bacteremic pneumonia, sep-
tic arthritis, conjunctivitis), and all those cases were 
in younger children (<7 years of age). In previous 
MenW outbreaks overseas, rates of atypical mani-
festations have varied from 4% to 25% (29,45,46). 
Gastrointestinal symptoms (vomiting, diarrhea, or 
both) were present in 11 (44%) patients during this 
outbreak, although only 2 (8%) patients were initially 
believed to have gastroenteritis at initial clinic visit. 
Gastrointestinal symptoms have been associated 
with a high case-fatality rate in 2 previous studies, al-
though these studies involved a hypervirulent ST11 
strain of MenW (8,46).

For the 17 case-patients from whom MenW was 
isolated by culture, reduced susceptibility to penicil-
lin reflected previously documented antimicrobial 
drug susceptibility patterns for MenW in Australia 
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Table 2. Characteristics of 24 case-patients who had 
meningococcal serogroup W infection, Central Australia, 2017* 
Characteristic Value 
Age, y  
 Median (25%–75% percentile) 5.2 (1.7–7.2) 
 Range 0.3–14.7 
Sex  
 M 17 (71) 
 F 7 (29) 
Australian Aboriginal 24 (100) 
No. communities affected (n = 58) 18 (31) 
Location of communities  
 Northern Territory 14 (78) 
 South Australia 3 (17) 
 Western Australia 1 (5) 
Air retrieval to Alice Springs Hospital 15 (63) 
Signs/symptoms  
 Fever 23 (96) 
 Tachycardia 18 (75) 
 Vomiting 10 (42) 
 Cough/respiratory distress 7 (29) 
 Arthritis/arthralgia 8 (33) 
 Meningism 7 (29) 
 Hypotension 6 (25) 
 Purpuric rash 3 (13) 
 Diarrhea 2 (8) 
 Petechial rash 1 (4) 
 Conjunctivitis 1 (4) 
Diagnosis  
 Isolated meningococcemia 12 (50) 
 Meningitis 6 (24) 
 Bacteremic pneumonia 4 (16) 
 Septic arthritis 1 (4) 
 Conjunctivitis 1 (4) 
Admission location 
 Pediatric ward 20 (83) 
 Intensive care unit 4 (17) 
Length of admission, d 
 Median (25%–75% percentile) 5.5 (5–8.5) 
 Range 4–128 
Duration of antimicrobial drug use, d  
 Median (25%–75% percentile) 6 (5–8) 
 Range 4–14 
Time from visit to health service to first dose of ceftriaxone, h 
 Median (25%–75% percentile) 4.7 (1.6–15.6) 
 Range 0.6–54.9 
Complications  
 Persistent bradycardia 4 (17) 
 Persistent arthralgia 4 (17) 
 Persistent fevers 3 (13) 
 Coagulopathy 1 (4) 
 Acute kidney injury 1 (4) 
 Below-knee amputation 1 (4) 
Culture positive 17 (71) 
Penicillin sensitivity  
 Intermediate 15 (88) 
 Resistant 2 (12) 
PCR positive 23 (96) 
*Values are no. (%) unless otherwise indicated. 
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(22,47). ST1287 isolates have previously been de-
scribed in sporadic cases in Western Australia and 
were associated with penicillin resistance (48). Of the 
7 patients in this outbreak who initially received peni-
cillin, 1 patient had a major illness (purpura fulmi-
nans) and a complication (below-knee amputation). 
The other 6 patients did not have a complicated clini-
cal course. Treatment with penicillin is still effective 
against penicillin-intermediate strains if given at high 
doses (48), and it is possible that the clinical course for 
these patients was somewhat attenuated compared 
with if they had received no initial treatment before 
being given ceftriaxone.

Prolonged hospital admission was required for 
5 case-patients (4 patients at Alice Springs Hospital 
and 1 patient at a tertiary referral center). The cause 
of the prolonged duration of symptoms for the 4 pa-
tients at Alice Springs Hospital was not clear, but all 
patients had their illnesses resolve before discharge 
from the hospital. No characteristics clearly differ-
entiated these patients from the rest of the cohort. 
The 4 patients had meningitis, septic arthritis, bac-
teremic pneumonia, and meningococcemia. Two of 
these patients had a comparatively longer time in-
terval between first presentation to a clinic and re-
ceiving their first dose of ceftriaxone (20.8 hours for 
the patient with meningitis and 39.2 hours for the 
patient with septic arthritis). However, the intervals 
were much shorter for the other 2 patients (1.2 hours 
for the patient with bacteremic pneumonia and 14.3 
hours for the patient with meningococcemia). For 
the second 2 patients, there was an interval of only 
2.2 hours between their first documented fever and 
their first dose of ceftriaxone. These case-patients 
were clinically challenging, which resulted in longer 
admissions, additional investigations (e.g., echocar-
diogram, lumbar puncture, joint aspirate) and lon-
ger courses of antimicrobial drug therapy. A possible 
cause was immune complex disease, known to occur 
in the subacute phase of meningococcal disease. This 
disease can cause symptoms of arthritis, vasculitis, 
pleuritis, body temperature increase, and increased 
levels of inflammatory markers 4–10 days after sys-
temic disease (49).

The public health response coordinated by CDC 
required complex planning because of geographic 
and logistical challenges. This response was further 
limited by movement of persons between communi-
ties, which is inherent to the ATSI population of Cen-
tral Australia. This limitation complicated the task of 
locating contacts for provision of prophylactic antimi-
crobial drugs, as well as the subsequent MenACWY 
vaccination campaign.

The number of pediatric meningococcal case-pa-
tients admitted to Alice Springs Hospital decreased 
after the vaccination campaign was initiated (Figure 
2). The fever protocol considered persons to be pro-
tected 4 weeks after vaccination (50), at which time 
their management was based on clinical manifesta-
tions, rather than on the presumption of IMD.

The response incurred costs and might not be 
practical for other settings. The response also greatly 
increased the workload of the local medical clinics, 
the RFDS, and the Alice Springs Hospital emergen-
cy department and pediatric department. There was 
an economic impact of increased staffing; additional 
investigations, including meningococcal PCR and 
blood cultures; and increased provision of antimicro-
bial drugs. However, this impact must be balanced 
against the cost of the probable increased rate of com-
plications and transfers to a tertiary center, which 
might have occurred if treatment had been delayed. 
The empiric administration of ceftriaxone to all pa-
tients who had fever during the early phase of the 
outbreak also carries the potential for promoting anti-
microbial drug resistance.

Replicating the response to this outbreak in more 
densely populated areas would be challenging, and 
a different approach might be appropriate in situa-
tions in which direct access to secondary and tertiary 
health services is available. However, the response to 
this outbreak was extremely effective in this particu-
lar setting and resulted in a low illness rate and a zero 
fatality rate for a disease that is typically devastating.
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