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Case Manifestations and Public
Health Response for Outbreak
of Meningococcal W Disease,

Central Australia, 2017

Eva L. Sudbury, Siobhan O’Sullivan, David Lister, Deepa Varghese, Keshan Satharasinghe

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.

nvasive 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, Wor 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).

Author affiliation: Alice Springs Hospital, Alice Springs, Northern
Territory, Australia

DOI: https://doi.org/10.3201/eid2607.181491
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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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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 km? (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
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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% CO, 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

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



Outbreak of Meningococcal W Disease, Australia

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.

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
awidespread public healthresponse thatincluded pro-
viding prophylactic antimicrobial drugs (ceftriaxone
or ciprofloxacin) to close contacts and implementing

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

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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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)
Meningitis

Fever (temperature >38°C) without a focus
Fever; any signs of meningism (e.g.,

headache, neck stiffness, photophobia)

Bacteremic pneumonia (7,26,27) Fever; cough

Septic arthritis (7)
Conjunctivitis (10,11)
discharge

Fever; joint pain and swelling
Conjunctival inflammation with purulent

Blood None
CSF None
Blood Radiologic consolidation
by chest radiograph
Synovial fluid None
Eye discharge None

*CSF, cerebrospinal fluid; MenW, serogroup W of Neisseria meningitidis.

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
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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 ng/mL) for 15 cases (88%) and re-
sistant (MIC >0.5 to 1 ug/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

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



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
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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.

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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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.

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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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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(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.
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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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Transmission of Chikungunya
Virus in an Urban Slum, Brazil

Rosangela O. Anjos, Vanio André Mugabe, Patricia S.S. Moreira, Caroline X. Carvalho,
Moyra M. Portilho, Ricardo Khouri, Gielson A. Sacramento, Nivison R.R. Nery Jr.,
Mitermayer G. Reis, Uriel D. Kitron, Albert I. Ko, Federico Costa, Guilherme S. Ribeiro

After a chikungunya outbreak in Salvador, Brazil, we
performed a cross-sectional, community-based study of
1,776 inhabitants to determine chikungunya virus (CHIKV)
seroprevalence, identify factors associated with expo-
sure, and estimate the symptomatic infection rate. From
November 2016 through February 2017, we collected so-
ciodemographic and clinical data by interview and tested
serum samples for CHIKV IgG. CHIKV seroprevalence
was 11.8% (95% Cl1 9.8%—13.7%), and 15.3% of seropos-
itive persons reported an episode of fever and arthralgia.
Infections were independently and positively associated
with residences served by unpaved streets, a presump-
tive clinical diagnosis of chikungunya, and recall of an epi-
sode of fever with arthralgia in 2015-2016. Our findings
indicate that the chikungunya outbreak in Salvador may
not have conferred sufficient herd immunity to preclude
epidemics in the near future. The unusually low frequency
of symptomatic disease points to a need for further longi-
tudinal studies to better investigate these findings.

n the 21Ist century, chikungunya virus (CHIKV)

has emerged as a mosquitoborne disease of glob-
al relevance, causing large epidemics because of its
widespread dissemination in tropical and subtropical
areas (1). Infected persons usually develop an acute
febrile illness associated with joint pains, myalgia,
headache, and other signs and symptoms that can
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lead to misdiagnosis with other arboviral illnesses,
such as dengue virus (DENV) and Zika virus (ZIKV)
infections. Noteworthy with chikungunya, the ar-
thralgia is often severely debilitating and may last for
months to years (1,2).

After the introduction of CHIKV into the Carib-
bean region in 2013, the virus spread rapidly, caus-
ing large outbreaks (3,4). In certain Caribbean islands,
such as Puerto Rico and the US Virgin Islands, the
rate at which CHIKYV infection was symptomatic was
estimated at >70% (5,6). However, it remains unclear
whether the attack rates in outbreaks in large popu-
lation centers in the Americas created sufficiently
high levels of herd immunity to preclude subsequent
epidemics. Furthermore, 2 CHIKV strains were in-
troduced and are cocirculating in the Americas; it is
unclear whether the proportions of symptomatic in-
fections differ on the basis of strain type, population,
or region.

In Brazil, CHIKV was first detected in September
2014, almost simultaneously in the cities of Oiapoque,
in the northern state of Amapa, where the Asian gen-
otype was implicated (7), and in Feira de Santana, in
the northeast state of Bahia, where the East/Central/
South African (ECSA) genotype was detected (7,8). The
virus spread rapidly throughout the country, reach-
ing all states by 2015 (9), and peaked in 2016, when
~280,000 probable cases were recorded (10). The north-
east region was the most affected by CHIKV (9,10,11);
this same area was also the most affected by ZIKV in
2015-2016 (12,13).

In Salvador (population 2.9 million [14]), the capi-
tal of Bahia state, which is located ~100 km from Feira
de Santana, we retrospectively identified that CHIKV
had been circulating since September 2014 (15), but
outbreaks first occurred between June and November
2015 (12,15). In this study, we used the prevalence
of CHIKV IgG as an indicator of all (i.e.,, symptom-
atic and asymptomatic) previous infection in a slum
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community of Salvador and assessed the proportion
of cases in which these infections were symptomatic.
In addition, we investigated factors potentially asso-
ciated with prior CHIKV infection.

Methods

Study Site and Participant Selection

We performed a cross-sectional study in Pau da
Lima, a poor community in Salvador characterized
by high population density and substandard sani-
tation infrastructure (16,17). Since 2003, this com-
munity has been the site for several studies aiming
to determine the epidemiology and the transmis-
sion dynamics of leptospirosis (17-19), dengue, and
other arboviral diseases (15,16,20,21), as well as the
burden of chronic noncommunicable diseases on
the community and its residents (22,23). Detailed
information about the sociodemographics of the
Pau da Lima community, environment, and urban
infrastructure has been previously described in
these studies.

We surveyed the residents of 3 contiguous val-
leys in Pau da Lima from November 2016 through
February 2017. During the enrollment process, we
visited all households in the study site and invited
all residents 25 years of age who slept 23 nights per
week in the house to participate.

Data Collection

We used a standardized questionnaire during house-
hold visits to obtain data on participant demographic
and socioeconomic conditions. Data collected were
age, sex, self-reported skin color, education level, oc-
cupation or work, household per capita income, ma-
terial of housing walls (wood or other material that is
not brickwork, plastered or not plastered), quality of
streets accessing house (paved or unpaved), and num-
ber of residents per household (Appendix, https://
wwwnc.cdc.gov/EID/article/26/7/19-0846-App1.
pdf). We also collected self-reported data on prior
presumptive clinical diagnosis of DENV, ZIKV, and
CHIKV infection and on history of fever, arthralgia,
myalgia, rash, and pruritus, at any time after January
2015. This information covered health effects from
the period immediately before and after the peak of
CHIKV transmission in Salvador, which occurred
during June-November 2015 (12,15). We recorded
the duration of arthralgia among participants who
reported this symptom. We conducted the interviews
on computer tablets and used Research Electronic
Data Capture software (REDCap; https:/ / projectred-
cap.org/software/) to store the data (24).
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Serologic Evaluation

During the household visits, we collected 10 mL of
blood from each participant and transported the
samples on the same day, stored at 2°C-8°C, to our
laboratory at the Instituto Gongalo Moniz, Fundagao
Oswaldo Cruz, in Salvador. We centrifuged the sam-
ples to obtain serum, which we aliquoted and stored
at-20°C until evaluation. We tested serum samples by
using the IgG ELISA technique (Euroimmun, https:/ /
www.euroimmun.com) to detect specific CHIKV IgG.

For samples showing positive results for IgG,
we then tested with a CHIKV IgM ELISA (InBios,
https:/ /inbios.com); we used the presence of IgM as a
proxy for a more recent CHIKYV infection than if there
were no IgM. We interpreted both the CHIKV IgG
and IgM ELISA results according to manufacturer in-
structions: CHIKV IgG absorbance/calibrator levels
were negative at <0.8, indeterminate at >0.8 to <1.1,
and positive at >1.1; CHIKV IgM absorbance/ calibra-
tor levels were negative at <0.9, indeterminate at 0.9
to <1.1, and positive at 21.1. We retested samples in-
dicating indeterminant results on the initial test and
considered the results obtained final.

To confirm the accuracy of results from the IgG
ELISA, we performed a blind plaque-reduction neu-
tralization test (PRNT) of a stratified random sample
of 60 serum samples (30 positive and 30 negative from
the CHIKYV IgG ELISA) for CHIKYV to determine 290%
reductions in plaque counts (PRNT,)), as described
elsewhere (25). To investigate whether cryoglobuli-
nemia could have reduced the sensitivity of the IgG
ELISA, we retested 100 samples, randomly selected
from those that had been IgG negative, using a pre-
warmed (2 h at 37°C) and centrifuge protocol (26).

Data Analysis
We used absolute and relative frequencies or medi-
ans and interquartile ranges (IQR) to characterize the
sociodemographics and also reported presumptive
diagnoses and history of symptoms of study partici-
pants. We used y? or Wilcoxon rank-sum tests to com-
pare the sex and age distribution for those who did
agree to be enrolled in the study with the distribution
for those who did not. We used a 2-tailed p value of
<0.05 to define statistically significant differences.
We calculated the prevalence of CHIKV IgG
overall and according to participants’ characteristics
and categorized continuous variables so we could
estimate CHIKV seroprevalence by groups. We
stratified age into ranges of 5-14 years, 15-39 years,
and 240 years to account for the disproportionately
young average age of the sample; we characterized
education level as illiterate for participants who had
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never studied and literate for participants who had
studied >1 year. We determined those living in pov-
erty using the World Bank’s criteria for poverty in
upper-middle-income countries of <$5.50/day (US
dollars) per capita household income (27). We ob-
tained 95% Cls for the prevalence measures, adjust-
ing them for the design effect of sampling house-
holds as clusters.

We used bivariate and multivariate Poisson re-
gression models with robust variance and adjustment
for design effect to verify associations between previ-
ous CHIKYV infection and the sociodemographic and
clinical characteristics of participants. We calculated
prevalence ratios with 95% Cls and included all vari-
ables that had bivariate analyses with a p value <0.20
in the multivariate analyses. We then used a back-
ward selection method to build 2 final multivariate
models, retaining variables with a p value <0.05. The
first model included only sociodemographic variables
to investigate their role in CHIKV infection, whereas
the second model included only clinical characteris-
tics to address their capacity to predict a positive se-
rologic result.

Among the participants with a positive CHIKV
IgG ELISA, we estimated the frequencies of symp-
tomatic CHIKV infection by calculating the propor-
tion of those who reported fever simultaneously ac-
companied by arthralgia after January 2015, likely
recent CHIKYV infection by calculating the proportion
of those with a positive IgM test result, and presump-
tive clinical suspicion of chikungunya by calculating
the proportion of those who reported having received
that diagnosis. Wilcoxon rank-sum test was used to
compare the median duration of arthralgia between
those reporting arthralgia accompanied by fever and
those reporting only arthralgia. Poisson regression
models with robust variance, adjusted for design ef-
fect, were used to compare sociodemographic and
clinical characteristics between participants with
symptomatic CHIKV infections and those with as-
ymptomatic infections and between participants with
likely recent and those with likely nonrecent CHIKV
infections. We set a two-tailed p value <0.05 to define
statistically significant differences. We performed
data analysis using Stata version 14 software (Stata-
Corp, https:/ /www .stata.com) (28).

Ethics Considerations

This study was approved by the Research Ethics Com-
mittee of Gongalo Moniz Institute, Oswaldo Cruz
Foundation (CAAE n° 55904616.4.0000.0040). Before
any study procedure, all participants >18 years of age
signed an informed consent form; those <18 years of

1366

age who were able to read signed an informed assent,
with their parents providing a signed consent.

Results

Participants Characteristics

Among the 2,651 eligible residents in the study site,
1,776 (67.0%) agreed to participate in this study. Those
who consented were younger than those who refused
(median age 26 years [IQR 16-40] vs. 35 years [IQR
21-46]; p <0.01). Of those who consented, a greater
proportion were female (57.0%) than those who did
not consent (52.0%; p<0.01). Most participants had a
nonwhite (black or mixed) skin color (93.8%), lived in
a household with a per capita income <$5.50/ day (US
dollars) (80.8%), and had not completed elementary
school education (59.0%) or were illiterate (4.3%).

Prevalence of Previous CHIKV Infection and
Associated Factors

Among the 1,772 (99.8%) participants from whom we
collected and tested a blood sample, 209 (11.8%, 95%
CI 9.8%-13.7%) had had a previous CHIKV infec-
tion, as determined by the detection of CHIKV IgG.
Of the 30 random IgG ELISA positive samples tested
by CHIKV PRNT,, 27 (90%) were positive; of the 30
random IgG-negative samples, all were also negative
in PRNT,, (agreement 95%; kappa 90%). Of the 100
IgG-negative samples that we retested to evaluate
whether cryoglobulinemia had reduced ELISA sensi-
tivity, 2 (2%) returned positive results, but these re-
sults had low absorbance/calibrator levels (1.11 and
1.15) compared with those observed for the 209 posi-
tive samples (median 3.53, IQR 3.11-3.82).

In bivariate analyses, prevalence of previous
CHIKYV infection did not differ by sex, skin color, pov-
erty level, or number of residents per household (Ta-
ble 1). However, we found a statistically significant
association with other indicators of socioeconomic
status, residing on unpaved streets and living in
houses whose walls were unplastered or were made
of wood or other materials; in addition, we found a
nonsignificant trend of greater prevalence among
participants who were older, illiterate, or reported
not working (Table 1). Furthermore, the prevalence of
previous CHIKYV infection was statistically greater for
participants who had received a presumptive clinical
diagnosis of an infection by any of 3 cocirculating ar-
boviruses — CHIKV, DENV, or ZIKV —and for those
who reported having symptoms compatible with an
arboviral infection—fever with arthralgia, myalgia,
rash, or pruritus—after January 2015, when CHIKV
emerged in Salvador (Table 1).
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The only sociodemographic characteristic associ-
ated with previous CHIKV infection in the multiple
variable analyses was residence on an unpaved street
(prevalence ratio [PR] 1.52, 95% CI 1.07-2.15) (Table

Transmission of CHIKV in an Urban Slum, Brazil

2). In addition, independent clinical predictors for
previous CHIKV infection included recall of a pre-
sumptive medical diagnosis of chikungunya (PR 2.83,
95% CI 1.97-4.05) and report of an episode of fever

Table 1. Prevalence of previous chikungunya virus infection, determined by detection of IgG, by demographic and clinical

characteristics, Salvador, Brazil, November 2016—February 2017

Characteristic No. participants No. positive (prevalence, %) p value
Sociodemographic
Sex
M 761 93 (12.2) 0.60
F 1,011 116 (11.5)
Age,y
5-14 396 41 (8.1) 0.35
15-39 921 104 (11.9)
240 455 63 (14.9)
Skin color
Nonwhite 1,662 199 (12.0) 0.39
White 110 10 (9.1)
Household per capita income in US$/day*
<5.50 1,429 171 (12.0) 0.69
>5.50 340 37 (10.9)
Education
llliterate 76 14 (18.4) 0.06
Literate 1,696 195 (11.5)
Occupation/work
Yes 604 60 (9.9) 0.08
No 1,164 148 (12.7)
Residence located in an unpaved street
Yes 1,003 139 (13.9) 0.02
No 767 70 (9.1)
Type of residence construction
Plastered wall 1,447 154 (10.6) 0.04
Unplastered wall 211 33 (15.6)
Wood or other material 106 21 (19.8)
Residents per household
1 145 13 (9.0) 0.31
2-3 676 89 (13.2)
4-5 608 60 (9.0)
26 340 5 (13.5)
Clinical: reported symptomst
Fever and arthralgia
None 1,212 111 (9.2) <0.01
Only fever 322 38 (11.8)
Only arthralgia 89 20 (22.5)
Both, not simultaneous 40 7 (17.5)
Both, simultaneous 96 32 (33.3)
Myalgia
Yes 222 42 (18.9) <0.01
No 1,548 167 (10.8)
Rash
Yes 216 50 (23.2) <0.01
No 1,554 158 (10.2)
Pruritus
Yes 206 46 (22.3) <0.01
No 1,563 163 (10.4)
Presumptive clinical diagnosis
Chikungunya
Yes 48 24 (50.0) <0.01
No 1,724 185 (10.7)
Dengue
Yes 111 21 (18.9) 0.02
No 1,661 188 (11.3)
Zika
Yes 147 38 (25.9) <0.01
No 1,625 171 (10.5)

*Data not shown for 3 participants.
TReported symptoms with onset after January 2015.
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Table 2. Crude and adjusted prevalence ratios for persons with previous chikungunya virus infection, by demographic and clinical

characteristics, Salvador, Brazil, November 2016—February 2017

Characteristic

Crude prevalence ratio (95% CI)*

Adjusted prevalence ratio (95% CI)t

Sociodemographic Model 1
llliteracy 1.60 (0.99-2.60)
Not working 1.28 (0.97-1.68)

Residence located in an unpaved street
Type of residence construction
Plastered wall
Unplastered wall
Wood/Other material

1.52 (1.07-2.15)

1.52 (1.07-2.15)

Referent
1.47 (0.92-2.35)
1.86 (1.06-3.28)

Clinical: reported symptoms
Fever and arthralgia

Model 2

None
Only fever

Only arthralgia
Both, not simultaneous
Both, simultaneous

Myalgia
Rash
Pruritus

Presumptive clinical diagnosis

Chikungunya
Dengue
Zika

Referent
1.29 (0.89-1.86)
2.45 (1.60-3.75)
1.91 (0.97-3.77)
3.64 (2.51-5.28)
1.75 (1.23-2.50)
2.28 (1.68-3.08)
2.14 (1.51-3.03)

4.66 (3.35-6.48)
1.67 (1.09-2.56)
2.45 (1.78-3.39)

Referent
0.96 (0.62-1.49)
1.55 (0.95-2.53)
1.22 (0.56-2.67)
2.26 (1.43-3.57)

2.83 (1.97-4.05)

*Crude prevalence ratios shown for variables with bivariate p values <0.20, selected for inclusion in the initial multiple variable model.
tTwo different multiple variable models were applied using backward selection. The first model included only sociodemographic variables to investigate
potential exposures associated with CHIKV infection; the second model included only clinical characteristics to investigate predictors of seropositivity.

fReported symptoms with onset after January 2015.

with arthralgia (PR 2.26, 95% Cl 1.43-3.57) after Janu-
ary 2015, but not for separate episodes of fever or ar-
thralgia (Table 2).

Frequency of Symptomatic Infections among
Participants with CHIKV IgG

Of the 209 participants with detected CHIKV IgG, 32
(15.3%) recalled an episode of fever and arthralgia
after January 2015. The median duration of arthral-
gia for these 32 positive participants was 5 (IQR 3-9)
days; the longest duration was 60 days for 1 person.
Participants with symptomatic infection tended to be
older (p = 0.07); more frequently reported other clini-
cal manifestations compatible with CHIKV infection,
such as myalgia, rash, and pruritus (p<0.01 for each
symptom); and more commonly received a presump-
tive clinical diagnosis of chikungunya or Zika (p<0.01
for both) but not of dengue (p = 0.62) (Table 3).

Frequency of Presumptive Clinical Diagnosis

of Chikungunya

Among the 209 participants with a previous CHIKV
infection, 24 (11.5%) reported receiving a clinical pre-
sumptive diagnosis of chikungunya. Although low,
this frequency was 7.5 (95% CI 4.3-12.9) times greater
than the 1.5% (24/1,563) frequency among the par-
ticipants who were negative for CHIKV IgG (p<0.01).
Noteworthy for the 32 CHIKV-infected participants
who had symptomatic disease, 20 (62.5%) reported a

presumptive clinical diagnosis of chikungunya (Table
3). On the other hand, of the 48 participants who re-
ported having received a clinical presumptive diag-
nosis of chikungunya, 24 had CHIKV IgG detected,
indicating a positive predictive value of 50% for the
presumptive diagnosis.

Frequency of CHIKV IgM

Among the 209 participants who were positive for
CHIKV IgG, 49 (23.4%) also had CHIKV IgM, possibly
indicating a recent infection. We found no associations
between sociodemographic or clinical characteristics
and the presence of CHIKV IgM (data not shown).

Discussion

Despite retrospective evidence of a chikungunya
outbreak in Salvador during June-November 2015
(12,15), we found that =2 years later (November
2016-February 2017), <12% of the subjects enrolled
in this large cross-sectional neighborhood survey had
been infected by CHIKV. This seroprevalence is much
lower than that found in 3 additional CHIKV sero-
logic surveys performed in Brazil at that time. During
November-December 2015, in Feira de Santana, ~100
km from Salvador, the prevalence of prior CHIKV
infection was estimated at 57.1%; in the urban area
of Riachdo do Jacuipe, 185 km from Salvador, preva-
lence was estimated at 45.7% (29). In the rural area of
Riachao do Jacuipe, the prevalence of prior CHIKV
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infection was 20.0% in April 2016 (30). It is unlikely
that a gradual decrease in the IgG levels over time in-
fluenced these differences, because we surveyed the
participants relatively soon after the outbreak. Thus,
the wide range of prevalence levels in adjacent cities
most possibly indicates that the intensity of CHIKV
transmission, after its first introduction, may vary
greatly even among relatively close locations.

Serum surveys performed in Haiti during De-
cember 2014 and February 2015, about 1 year af-
ter detection of the index case in the country, also
found large variations in the seroprevalence (mean
of 78.4% for the urban sites and 44.9% for the rural

Transmission of CHIKV in an Urban Slum, Brazil

sites) (31). These differences may be related to Ae-
des spp. infestation levels and diversity, variations
in local geographic and climate conditions, the pre-
dominant CHIKYV strain circulating, and even by in-
teractions when the vector species may be coinfected
with CHIKV and other circulating arboviruses, such
as ZIKV and DENV. Furthermore, a very localized
and self-restricted CHIKV outbreak has been recent-
ly described in Salvador (32), which suggests that lo-
cal environmental characteristics and patterns of hu-
man activity and movement in specific regions may
be responsible for the emergence of CHIKV and the
extent of its spread.

Table 3. Comparison of sociodemographic and clinical characteristic of participants with symptomatic versus asymptomatic
chikungunya virus infection Salvador, Brazil, November 2016 to February 2017*

Disease status of infected participants, no. %t

Characteristic Symptomatic, n = 32 Asymptomatic, n = 177 p value
Sociodemographic
Sex
M 12 (37.5) 81 (45.8) 0.39
F 20 (62.5) 96 (54.2)
Age,y
5-14 2(6.3) 40 (22.6) 0.07
15-39 22 (68.8) 82 (46.3)
240 8(24.9) 55 (31.1)
Educationt
llliterate 1(3.1) 13(7.4) 0.42
Literate 31(96.9) 163 (92.6)
Skin color
White 0 10 (5.7) NA
Nonwhite 32 (100) 167 (94.3)
Household per capita income, US$/dayt
<5.50 27 (84.4) 144 (81.8) 0.73
>5.50 5 (15.6) 32 (18.2)
Clinical: reported symptoms
Fever and arthralgia
None 0 111 (62.7) <0.01
Only fever 0 39 (22.0)
Only arthralgia 0 20 (11.3)
Both, not simultaneous 0 7 (4.0)
Both, simultaneous 32 (100) 0
Myalgia
Yes 18 (56.3) 24 (13.6) <0.01
No 14 (43.7) 153 (86.4)
Rash
Yes 22 (68.7) 28 (15.9) <0.01
No 10 (31.3) 148 (84.1)
Pruritus
Yes 21 (65.6) 25 (14.1) <0.01
No 11 (34.4) 152 (85.9)
Presumptive clinical diagnosis
Chikungunya
Yes 20 (62.5) 12 (6.8) <0.01
No 12 (37.5) 165 (93.2)
Dengue
Yes 4 (12.5) 17 (9.6) 0.62
No 28 (87.5) 160 (90.4)
Zika
Yes 18 (56.3) 20 (11.3) <0.01
No 14 (43.7) 157 (88.7%)

*NA, not available

TCHIKYV disease status was defined as symptomatic on the basis of self-reported fever accompanied by arthralgia after January 2015.

tData not available for 1 participant with an asymptomatic CHIKV infection.
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In bivariate analyses, we found that structural
deficiencies in the housing and on the streets where
the houses were located were associated with previ-
ous CHIKYV infection, pointing to a social gradient
that poses an increased risk for virus exposure among
the most vulnerable residents. Urban areas served by
unpaved streets and where the walls of houses are
not plastered, or made of wood or of other mate-
rial other than brick, often also lack basic sanitation
services, such as regular garbage collection and po-
table water. These conditions, in turn, influence im-
proper disposal of trash and accumulation of water
in containers, both well-known breeding grounds for
Aedes mosquitoes.

In addition, low education levels in such settings
may limit residents’ ability to access, understand,
and act on information about measures to prevent
mosquitoborne diseases (33,34). Individual- and
ecologic-level studies in rural Kenya (35), Nicaragua
(36), and Colombia (37) have also showed that socio-
economic vulnerability and living near sites where
water accumulates are associated with increased
chikungunya incidence.

The widely accepted understanding of CHIKV
infection has been that the majority (>70%) of infected
persons develop a symptomatic form of the disease
(1). We, conversely, found a frequency of symptom-
atic infection, defined by having arthralgia accompa-
nied by fever, of only 15.3%. Other studies have also
found low proportions of symptomatic CHIKV infec-
tion. In Brazil, serologic surveys estimated the pro-
portion of symptomatic CHIKYV infection to be 32.7%
in Feira de Santana and 41.2% in Riachdo do Jacuipe
(29). Prospective cohort studies, a more robust study
design for determining the natural history of disease,
have also found low proportions of symptomatic in-
fections. For example, during a cohort follow-up in
the Philippines, the subclinical incidence of CHIKV
infection was 10.0 per 100 person-years, while the in-
cidence of symptomatic CHIKYV infection was 2.2 per
100 person-years, indicating that <20% of those in-
fected exhibited symptoms (38). However, because of
the small geographic range of the studies, these find-
ings should be considered limited.

Differences in symptomatic infection rates may
be related to the lineage of CHIKV that is circulat-
ing (39,40), the diversity in human immunological
responses driven by specific genetic characteristics
(41), or even by the CHIKV exposure dose delivered
by mosquitoes (42). In our study, we found that both
women and persons =15 years of age were more like-
ly to have symptomatic CHIKV infections than oth-
ers, but the power of our analyses was limited by the
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small number of CHIKV infections that we detected.
However, our results are in accordance with other
studies that suggest that women are at increased risk
for symptomatic disease and that risk for symptomat-
ic disease increases with age (29). Further cohort stud-
ies are needed to determine the factors that may in-
fluence whether the infection becomes symptomatic.
We also found that chronic arthralgia after CHIKV in-
fection was uncommon; the maximum reported dura-
tion for the articular pain was 60 days, observed in
just 1 (0.5%) of the 209 CHIKV-infected persons.

On the basis of these findings, we hypothesize
that asymptomatic and milder clinical manifesta-
tions with less severe arthralgia and low rates of the
disease becoming chronic may occur under certain
circumstances of CHIKV infection. If further inves-
tigation supports this hypothesis, this finding might
partially explain the low proportion of participants
testing positive for CHIKV who received a correct
presumptive diagnosis.

We did find that report of a presumptive clinical
diagnosis of chikungunya