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a b s t r a c t

Background: The world’s first dengue vaccine [Dengvaxia; Sanofi Pasteur] was licensed in 2015 and
others are in development. Real-world evaluations of dengue vaccines will therefore soon be needed.
We assessed feasibility of case control (CC) and test-negative (TN) design studies for dengue vaccine
effectiveness by measuring associations between socio-demographic risk factors, and hospitalized den-
gue outcomes, in Malaysia.
Methods: Following ethical approval, we conducted hospital-based dengue surveillance for one year in
three referral hospitals. Suspected cases aged 9–25 years underwent dengue virological confirmation by
RT-PCR and/or NS1 Ag ELISA at a central laboratory. Two age- and geography-matched hospitalized non-
dengue case-controls were recruited for a traditional CC study. Suspected cases testing negative were
test-negative controls. Socio-demographic, risk factor and routine laboratory data were collected.
Logistic regressionmodels were used to estimate associations between confirmed dengue and risk factors.
Results: We recruited 327 subjects; 155 were suspected of dengue. The planned sample size was not met.
124 (80%) of suspected cases were dengue-confirmed; seven were assessed as severe. Three had missing
RT-PCR results; the study recruited 28 test-negative controls. Only 172 matched controls could be
recruited; 90 cases were matched with �1 controls. Characteristics of cases and controls were mostly
similar. By CC design, two variables were significant risk factors for hospitalized dengue: recent household
dengue contact (OR: 54, 95% CI: 7.3–397) and recent neighbourhood insecticidal fogging (OR: 2.1; 95% CI:
1.3–3.6). In the TN design, no risk factors were identified. In comparison with gold-standard diagnostics,
routine tests performed poorly.
Conclusions: The CC design may be more appropriate than the TN design for hospitalized dengue vaccine
effectiveness studies. Selection bias in case control selection could beminimized by protocol changesmore
easily than increasing TN design control numbers, because early-stage dengue diagnosis in endemic coun-
tries is highly specific. MREC study approval: (39)KKM/NIHSEC/P16-1334.
� 2019 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Background

Dengue, a mosquito-borne flavivirus, causes around 100 million
clinical episodes, and likely results in 10.5 million hospitalizations

annually, mostly in Asia [1–3]. The disease has a wide and unpre-
dictable range of clinical presentations, from mild/asymptomatic
flu-like illness, progressing to acute, febrile, and severe/haemor-
rhagic disease and rarely, death [4,5]. Risk factors for severe out-
comes may include the presence of heterologous antibodies from
a previous infection, viral characteristics, and the age and genetic
background of the infected human host [6]. Population-level risk
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factors include urbanization, high population density, and pres-
ence of Aedes mosquito vector breeding sites [7].

The world’s first dengue vaccine [Dengvaxia; Sanofi Pasteur]
was licensed in 2015 and has since been introduced in Asia and
Latin America [8]. A number of other dengue vaccines are in clini-
cal development and evaluations of the real-world performance of
dengue vaccines will therefore soon be needed [8–10]. A workshop
of international experts took place in 2014 to discuss the underly-
ing principles; participants agreed that case-control (CC) and test-
negative (TN) designs should be considered for this purpose [11].

CC studies are established methodologies for assessing associa-
tions between vaccine exposure and infectious disease outcomes
including for influenza [12]; Japanese encephalitis [13]; whooping
cough [14], and pneumococcal pneumonia [15]. For dengue, CC
studies have been used to evaluate individual- and population-
level risks factors [16,17]. The TN design is a variant of the CC study
whereby suspected caseswithnegative laboratory results – andwho
are therefore considered absent of the outcomeof interest – are used
as controls, and has been used extensively for evaluating the effec-
tiveness of influenza vaccines [18–21] and other vaccines [22–24].
The TN design has advantages in reducing bias in control recruit-
ment, and has been used to understand dengue risk factors [25].

Post-licensure dengue vaccine effectiveness studies have not
been published and, given the clinical and epidemiological specifici-
ties of dengue, challengesmay be expected which warrant prepara-
tory study [26]. These include the ability to recruit dengue patients
satisfying relevant case definitions; laboratory capacity to confirm
infectionwith adequate specificity and sensitivity; and the practical
infrastructure to identify and recruit suitable control subjects.

In Malaysia, dengue outbreaks occur nationwide with increased
risk in urban and peri-urban areas. Peaks in transmission often
coincide with rainfall but cases occur year-round and reported
cases have doubled since 2010 [27,28]. Although cases showed
some reduction in 2016, the disease was highlighted in the Ele-
venth Malaysia plan of 2016–2020 to expand health promotion
programmes for communicable diseases, which aims primarily to
mitigate dengue risk [29]. Dengvaxia was granted a two-year con-
ditional registration in October 2016 by the Drug Control Authority
of Malaysia for post-registration study, with conditions to monitor
long term risks, safety and efficacy over a wider population [30].

To prepare for vaccine introduction, we assessed the feasibility
of conducting traditional CC and TN studies for dengue vaccine
effectiveness evaluation, in Malaysia, by measuring associations
between socio-demographic and environmental risk factors and
dengue outcomes. We considered hospitalized/severe dengue as
policy-relevant and specific endpoints, so we conducted hospital-
based dengue surveillance for a period of one year, matching cases
to control subjects who were hospitalized for a non-dengue condi-
tion. We assessed feasibility of recruitment, logistics, and labora-
tory confirmation as well as likely biases and potential remedies
to minimize them to improve the design of future dengue vaccine
effectiveness studies.

2. Methods

2.1. Ethical approval for study

This study was conducted in accordance with the Declaration of
Helsinki [31], the Guidelines for Good Epidemiology Practices [32]
and local regulatory requirements. Before subjects were enrolled
the protocol and study documents were approved by the Medical
Research and Ethics Committee of the Ministry of Health, Malaysia
(study approval: (39)KKM/NIHSEC/P16-1334). Institutional
approval was obtained from each Hospital Director and relevant
Head of Department before data collection commenced.

2.2. Study design

Prospective, hospital-based enhanced surveillance. Suspected
dengue cases who were laboratory-confirmed were enrolled as
cases and matched to two hospitalized non-dengue, age- and
geography-matched controls, to conduct the traditional CC study.
Laboratory-confirmed dengue cases were considered test-positive
cases for the TN study; suspected cases testing negative were con-
sidered as the TN controls.

2.3. Study sites and population

Surveillance for suspected dengue cases starting from October
2016, over a period of 12 months, among hospitalized patients at
three Malaysian study sites: (1) Raja Permaisuri Bainun Hospital,
Ipoh, Perak; (2) Selayang Hospital, Selangor; and (3) Sungai Buloh
Hospital, Selangor. Study sites are large, tertiary care hospitals
operating within the Malaysian Ministry of Health system. Two
(Selayang and Sungai Buloh Hospitals) are located within large
urban areas and one (Ipoh Hospital) is located in a smaller, more
peri-urban city. The hospitals accept referrals from health districts
within their catchment areas, ranging from 16 km to 76 km.
Nonetheless, patients living outside of the catchment areas (in
regional and rural areas) may be referred for tertiary care services.
An estimated 1000–2000 febrile cases are seen in these hospitals
each month. All hospitals are centres of excellence for dengue,
treating several thousand hospitalized dengue cases, annually.

Study subjects were classified according to the following case
definitions:

� Suspected dengue: patients on whom the attending clinician
makes a diagnosis of probable dengue according to clinical his-
tory, physical examination and results of routine diagnostic
tests which may have been used.

� Virologically-confirmed dengue (VCD): suspected dengue cases
that are virologically confirmed by the central laboratory by
dengue RT-PCR and/or NS1 antigen (Ag) ELISA.

� Severe dengue: a patient presenting with fever of 2–7 days plus
any of the following: severe plasma leakage, severe haemor-
rhage or severe organ impairment, as derived from raw clinical
data, based on WHO 2009 definitions [4].

� Case-controls: non-dengue patients, age- and geographically-
matched to VCD cases.

� TN controls: suspected dengue cases who tested negative for
dengue by both RT-PCR and NS1 Ag.

2.4. Inclusion criteria for cases and controls

Inclusion criteria for suspected dengue were: age 9–25 years;
acutely ill and suspected of dengue infection; admitted to the
study hospital within 5 days of fever onset; resident of the hospital
catchment area. Due to low case enrolment, a protocol amendment
was approved on 31st July 2017, extending the recruitment win-
dow to within 7 days of fever onset.

For each laboratory-confirmed dengue case, study teams
attempted to identify two hospitalized, matched case-controls.
Inclusion criteria were: hospitalized in the same hospital as cases;
with no suspicion of dengue infection; with a final diagnosis other
than dengue; admission within one month (before or after) of the
laboratory confirmation of the case. The last control subject was
enrolled on 3rd December 2017. Controls were age-matched to
cases in three age groups: 9–12 years; 13–17 years; and 18–
25 years; and geographically-matched based on the catchment
areas of district health offices (Pejabat Kesihatan Daerah).
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2.5. Subject screening and enrolment

Screening from medical and paediatric wards was performed
during weekdays and within working hours by the study coordina-
tors. Eligibility was assessed based on clinical history, physical
examination and following discussions with attending physicians.
Typically in Malaysia, individuals are suspected of dengue based
on clinical signs and symptoms and, at these referral centres, it is
likely that most subjects already received either IgM/IgG and/or
NS1 Ag rapid diagnostic tests (RDT) and/or a previous clinical diag-
nosis of dengue at primary care clinics or hospital emergency
departments. Children suspected of dengue are typically admitted,
whereas adults will be hospitalized following a poor or worsening
clinical condition.

Suspected dengue cases were screened by study coordinators
and principal investigators for other inclusion criteria before being
invited to join the study. Informed consent and assent forms, avail-
able in English, Malay, Tamil, and Chinese languages, were
reviewed and signed by subjects and parents of subjects aged
<18 years. Subjects’ identification cards (18 years and above) and
birth certificates (below 18 years old) were collected to verify legal
relationships, as required by the Medical Research and Ethics
Committee.

2.6. Data collection and laboratory analysis

Following enrolment, a standardized questionnaire was admin-
istered by study staff which collected socio-demographic informa-
tion, reported dengue histories of subjects and household contacts,
other risk factor data (e.g., household and neighbourhood vector
control practices; time spent outdoors) and flavivirus vaccination
history. Final discharge diagnoses, made by attending physicians
based on routine clinical practice, were retrieved from electronic
medical records upon discharge, verified by the investigator and
recorded.

For suspected cases, during routine blood sampling in the
wards, an additional aliquot of 5 mL venous blood was collected.
Blood was kept at room temperature for 30–60 min (or refrigerated
at 2–8 �C for �24 h) before centrifugation. Serum was transferred
into two 650 mL aliquots, frozen at �20 �C and shipped in dry ice
to the central laboratory, the Department of Medical Microbiology,
University of Malaya Medical Center in Kuala Lumpur. Virological
confirmation of dengue was by RT-PCR and NS1 Ag ELISA. RNA
extraction was performed using Roche High Pure viral RNA extrac-
tion kit; RNA purity and concentration were assessed by spec-
trophotometry. One step real-time Sybr Green RT-PCR was
performed using Bio-rad iTaq universal one step Sybr Green pre-
mix and in-house designed primers [33]. The SD Dengue NS1 ELISA
kit was used according to the manufacturer’s instruction.

The results of routinely-performed dengue diagnostic testing,
which could include RDTs and ELISAs detecting IgM, IgG and NS1
Ag, before or during hospitalization, were recorded.

All data were entered into an electronic database by study
teams and verified through computerized logic and consistency
checks to detect errors or omissions.

2.7. Sample size

In the context of vaccine effectiveness study preparation the
sample size was based on a hypothetical effectiveness objective
comparing the odds ratio (OR) of having a virologically confirmed,
hospitalized dengue episode between vaccinees and non-
vaccinees, assuming a power of 80%, a two-sided alpha of 5%, vac-
cine coverage of 50%, and an expected vaccine effectiveness of 50%.
Assuming 70% of suspected cases test positive, the TN design
would require 223 cases and 96 TN controls. A CC design would

require 88 cases and 352 controls (with a case:control ratio of
1:4) or 110 cases and 220 controls (with a 1:2 ratio). Expecting a
minimum of 20% non-evaluable cases, a target of 300 confirmed
cases (meaning 400 suspected cases) and 600 controls was
planned. Targets were provided for each site to enrol equal num-
bers, stratified into age categories, resulting in a total of 100 sus-
pected cases aged 9–12 years, 100 aged 13–17 years, and 200
aged 18–25 years.

2.8. Statistical analysis

We compared socio-demographic characteristics of VCD cases
and controls enrolled for both designs. Univariate logistic regres-
sion models were used to estimate associations between con-
firmed dengue and risk factors using the CC (in which only
subjects with at least 1 matched control was included, by condi-
tional logistic regression) and TN study designs. Variables with a
P-value <0.2 on univariate analysis were included in a final multi-
variable model and were backward-selected to retain in the model
at a P-value of <0.05.

Dengue discharge diagnoses were compared with WHO 2009
case definitions, including severity assessment, as derived from
subjects’ clinical data [4]. The sensitivity and specificity of each
diagnostic test used in routine practice were calculated using RT-
PCR and/or NS1 Ag ELISA positive test results as the reference stan-
dard, with confidence intervals computed using the normal
approximation method.

All statistical analyses were performed with SAS 9.4 using
Enterprise Guide 5.1 software or later.

3. Results

3.1. Characteristics of study subjects

Fig. 1 is a study flow chart. The study recruited 327 subjects; the
mean age was 18 (SD 4.2) years for VCD cases, 18 (SD 3.7) for TN
controls, and 19 (SD 4.3) for case-controls. There were 155 subjects
suspected of dengue within 5 days of fever of whom 18 were aged
9–12 years; 48 were aged 13–17 years, and 89 were aged 18–
25 years. The planned sample size was therefore not met in any
age group. Many suspected cases were ineligible to participate
because they were not aged 9–25 years old; had experienced onset
of fever >5 days previously; parents were unavailable to provide
informed consent and/or birth certificates. Following protocol
amendment, ten suspected dengue cases were enrolled, admitted
between 5 and 7 days of fever, two of whom were VCD. Due to
the low impact on overall results, these subjects were not consid-
ered in further analyses. Table 1 summarises the socio-
demographic characteristics of study subjects. Of the 155 sus-
pected dengue cases, 124 (80%) were VCD. Three subjects had
missing RT-PCR results and the study therefore recruited 28 TN
controls. To match 124 confirmed dengue cases in a 1:2 ratio,
248 controls were required. A total of 172 matched controls were
recruited and some cases therefore lacked controls: 90 cases were
matched with 1 or 2 controls. Time between case and matched
control recruitment was on average 74 days.

3.2. Dengue risk factors – univariate analysis

The characteristics of cases and controls were similar in terms
of most baseline clinical characteristics, individual dengue history
and educational and socio-demographic dengue risk factors
(Table 1; complete table of risk-factors in supplementary
Table S1). Differences were observed in the sex distribution: of
VCD cases, 43 (34.7%) were female in comparison with 98
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Fig. 1. Study flow chart. VCD = virologically confirmed dengue.

Table 1
Numbers (%; SD for Mean age) of subjects with different socio-demographic characteristics and risk factors recruited as VCD cases and case- or test-negative controls. P-values are
in bold font with ORs below, vs the reference category.

Case-control design Test-negative design
VCD cases^ Case-controls P-value OR

(95% CI)
VCD cases Test-negative

controls
P-value OR
(95% CI)

N 90 172 124 28
Mean age, years (SD) 18 (4.3) 19 (4.3) 18 (4.2) 18 (3.7)
Sex 0.003 0.181
M 57 (63) 74 (43) Ref 81 (65) 22 (79) Ref
F 33 (37) 98 (57) 0.4 (0.3; 0.8) 43 (35) 6 (21) 1.9 (0.7; 5.2)

Site# – 0.1697*
Ipoh, Perak 31 (34) 59 (34) – 45 (36) 5 (18) Ref
Selayang, Selangor 32 (36) 62 (36) – 44 (36) 14 (50) 0.3 (0.1; 1.1)
Sungai Buloh, Selangor 27 (30) 51 (30) – 35 (28) 9 (32) 0.4 (0.1; 1.4)

Education level 0.270 0.110*
No formal or primary 5 (5.6) 14 (8.1) Ref 10 (8) 2 (7.1) Ref
Secondary 58 (64.4) 114 (66) 4.4 (0.5; 37) 76 (61) 23 (82) 0.7 (0.1; 3.2)
Tertiary 27 (30.0) 44 (26) 5.6 (0.6; 50) 38 (31) 3 (101) 2.5 (0.4; 17)

Type of dwelling 0.135* 0.589
Individual house 58 (64) 127 (74) Ref 82 (66) 17 (61) Ref
Apartment/flat/others 32 (36) 45 (26) 1.5 (0.9; 2.6) 42 (34) 11 (39) 0.8 (0.3; 1.8)

Number of family members in household 0.596 0.224
�3 11 (12) 31 (18) Ref 14 (11) 7 (25.0) Ref
4–5 32 (36) 54 (31) 1.8 (0.8; 4.2) 44 (36) 11 (39) 2 (0.7; 6.1)
6–7 31 (34) 59 (34) 1.6 (0.7; 3.7) 45 (36) 7 (25) 3.2 (1; 10.7)
�8 16 (18) 28 (16) 1.7 (0.7; 4.3) 21 (17) 3 (10.7) 3.5 (0.8; 16)

Household member diagnosed with dengue within the past
month?

<0.001*,z 0.630

No 62 (69) 171 (99) Ref 92 (74) 22 (79) Ref
Yes 28 (31) 1 (0.6) 54 (7.3397) 32 (26) 6 (21) 1.3 (0.5; 3.4)

Subject previously diagnosed with dengue? 0.589 0.202
Yes 12 (13) 19 (11) Ref 15 (12) 6 (21) Ref
No 78 (87) 153 (89) 0.8 (0.4; 1.8) 109 (88) 22 (79) 2 (0.7; 5.7)

Average time spent outdoors, daily (hours) 0.213 0.280
<4 h 17 (19) 19 (11) Ref 23 (19) 3 (11) Ref
4 h � time < 8 h 57 (63) 122 (71) 0.5 (0.2; 1.1) 77 (62) 16 (57) 0.6 (0.2–2.3)
�8 h 16 (18) 31 (18) 0.6 (0.2–1.4) 24 (19) 9 (32) 0.3 (0.1–1.4)

Insecticidal fogging in neighbourhood in the past month? 0.0049*,z 0.174*
No 39 (43) 108 (63) Ref 55 (45) 16 (59) Ref
Yes 51 (57) 64 (37) 2.1 (1.3–3.6) 68 (55) 11 (41) 1.8 (0.8–4.2)

# Study site not included in CC design because controls were matched to cases based on site.
^ Includes only cases with �1 matched control.
* Variables included in multivariate model.
z Variables retained in final multivariate model.
Ref = reference category.
Columns totals may vary due to lack of responses; or not equal 100% due to rounding.
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(57.0%) case-controls and 6 (21.4%) TN controls. There were also
differences in reported recent dengue history in the household
(32 [25.8%] cases; 6 [21.4%] TN controls and one [0.6%] case con-
trol) and reports of recent neighbourhood fogging (68 [55.3%]
VCD; 11 [40.7%] TN controls and 64 [37.2%] case-controls). Previ-
ous flavivirus vaccination was rare: only one subject reported hav-
ing received a yellow fever vaccine.

3.3. Utility of case-control and test-negative design for risk factor
identification

In the CC study, only the 90 VCD cases with at least one
matched control were included in the analysis. Two variables
remained significant in the final model: respondents who reported
a recent household dengue contact (OR: 54; 95% CI: 7.3–397;
P < 0.001) and those reporting neighbourhood insecticidal fogging
in the last month (OR: 2.1; 95% CI: 1.3–3.6; P = 0.005) were associ-
ated with an increased risk of hospitalized dengue as compared to
subjects without household dengue contacts or neighbouring fog-
ging. In the TN analysis, no risk factors were identified. This might
be partially a result of the number of controls (n = 28), resulting in
imprecise estimates. No risk factors associated with severe VCD
could be calculated as the number of severe dengue cases was
too small (n = 7).

3.4. Dengue severity

Of the 124 hospitalized VCD cases, according to discharge diag-
noses 69 (55.6%) were dengue fever (clinically/serologically diag-
nosed); one (0.8%) was dengue fever (virologically confirmed); 53
(42.7%) were dengue with warning signs and one (0.8%) was severe
dengue. According to WHO 2009 criteria, classified from clinical
data, seven (5.6%) were severe, and 117 were non-severe. The
seven cases classified as severe presented with severe bleeding,
mainly epistaxis and gum bleeding, either at admission (4 subjects)
and/or during the hospitalization (3 subjects). The one case who
was additionally diagnosed as severe also presented with severe
plasma leakage. No severe organ impairment was observed.

3.5. Routine laboratory diagnosis of dengue

The most commonly-used dengue confirmatory test in routine
practice was the NS1 Ag RDT, in 148 (95.5%) of 155 suspected
cases, followed by the IgM RDT (110; 71.0%) and the IgG RDT
(109; 70.3%). The IgM ELISA, IgG ELISA and NS1 ELISA were used
in 45 (29.0%), 31 (20.0%) and 2 (1.3%) subjects, respectively. The
NS1 Ag RDT correctly identified 108 of the 118 VCD cases on which

the test was used, a sensitivity of 91.5% (95% CI 86.5–96.6%). How-
ever, 14 of 27 negative samples were incorrectly classified as pos-
itive, giving a specificity of 48.1% (29.3–67.0%). IgM rapid tests
correctly identified 8 out of 87 VCD cases, a sensitivity of 9.2%
(3.1–15.3%) and specificity of 81.0% (64.2–97.7%; correctly identi-
fying 17 of 21 negative cases). The IgM ELISA had a sensitivity of
47.2% (30.9–63.2%; 17/36 VCD cases positive) and specificity of
25.0% (0–55.0%; 2/8 negative cases correctly identified). The NS1
Ag ELISAmisclassified both VCD cases on which it was used as den-
gue negative (Table 2).

4. Discussion

We aimed to assess feasibility in recruitment, logistics and lab-
oratory confirmation of a traditional CC or TN design to evaluate
dengue vaccine effectiveness in Malaysia. The study also aimed
to assess biases, stemming primarily from the methods of control
recruitment and misclassification of disease and vaccine status
[34]. We considered that such an assessment was needed because
many of these aspects depend on the characteristics of specific
pathogens and healthcare systems and will therefore be different
for dengue than for other vaccine-preventable disease studies in
the past [26]. Primarily due to low levels of TN design control
recruitment and selection bias resulting in unbalanced case and
control populations in the CC study, it is likely that protocol
changes would be required before embarking on a hospitalized
dengue effectiveness evaluation. Selection bias in case control
selection could potentially be minimized whereas low recruitment
of TN design controls will likely persist in current healthcare set-
tings where dengue diagnoses prior to hospitalization are specific.
Key challenges and possible solutions are provided in Table 3.

4.1. Identified dengue risk factors

The exposures under assessment were a selection of socio-
demographic and behavioural risk factors which were generally
well-matched between cases and controls, and were therefore
not identified as risk factors in multivariable models. Two risk fac-
tors were identified with the CC method: living with household
members recently diagnosed with dengue (OR: 54), and neigh-
bourhood insecticidal fogging conducted in the last month (OR:
2.1). Biologically plausible explanations could explain these find-
ings: case-contacts may be more likely than other individuals to
become infected with dengue due to geographical clustering of
cases; [35] and it may be reasonable to suggest that insecticidal
fogging is directed towards outbreak-prone areas. Alternatively,
recall or reporting bias may be responsible: perhaps hospitalized

Table 2
Results (number of subjects) of diagnostic tests used in routine practice and confirmed VCD using the gold standard of PCR and/or NS1 ELISA; and resulting sensitivity and
specificities. RDT = rapid diagnostic test. ND = not done.

VCD
Test Result Positive Negative Sensitivity, % Specificity, %

NS1 Ag, RDT Positive 108 14 91.5 (86.5; 96.6) 48.1 (29.3; 67.0)
Negative 10 13
ND 6 1

IgM, RDT Positive 8 4 9.2 (3.1; 15.3) 81 (64.2; 97.7)
Negative 79 17
ND 37 7

NS1 Ag, ELISA Positive 0 0 – –
Negative 2 0
ND 122 28

IgM, ELISA Positive 17 6 47.2 (30.9; 63.5) 25 (0; 55)
Negative 19 2
ND 88 20
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dengue cases preferentially recall dengue episodes in household
contacts; are more likely to report fevers and thus become hospi-
talized because of recent dengue cases at home; and recall vector
control activities having been conducted in their communities
more readily than non-dengue controls. Reported rates of house-
hold dengue/recent fogging were higher in TN than case-controls,
providing evidence for reporting bias.

4.2. Recruitment challenges

We recruited a lower-than-expected number of suspected den-
gue cases and controls. This is partially associated with epidemiol-
ogy: Malaysia reported �20,000 fewer dengue cases in 2017 than
in preceding years [36]. But even those hospitalized dengue cases
were often ineligible for study inclusion, for a number of interre-
lated reasons associated with local care-seeking and hospitaliza-
tion practices. Some suspected cases were monitored as
outpatients within the emergency department but were never
admitted; others were admitted after >5 days of fever due to late
care-seeking or hospital referral; and a proportion of subjects
and/or their parents declined to participate in the study. Local eth-
ical committee regulations stating that parents must provide birth
certificates at study enrolment were particularly challenging to
satisfy. Scheduled laboratory operating hours resulted in loss of
potential cases, particularly on Friday afternoons or weekends
when clinical samples could not be processed. To remedy this,
we relaxed inclusion criteria, enrolling subjects with onset of fever
�7 days. This change is not aligned with WHO guidance on dengue
confirmation; [4] it was included for exploratory purposes only,
and yielded few additional cases during the short period in which
it was implemented.

For each VCD case we also failed to recruit two matched case-
controls. Our study enrolled adolescents, teenagers and young
adults, a healthy demographic unlikely to be hospitalized in Malay-
sia. Additionally, the logistics of identifying suitable controls
within large, complex hospitals was challenging, resulting in
over-sampling from some wards in which eligible controls were
likely to be found (e.g., gynaecology/orthopaedic surgery). Perhaps

the age- and geographical matching used here should be relaxed in
the future; or alternative methods of control selection, including
recruiting community-based controls, could be considered. Such
an approach may facilitate age-matching but would be labour-
intensive for study teams. Because virological confirmation rates
were high and also to reduce potential bias, it may be beneficial
to recruit controls immediately following suspected case enrol-
ment to better-match on exposure risk which may vary over time.

For the TN study, recruitment of controls was low because a
higher-than expected (80% vs. 70%) proportion of suspected cases
was VCD. This may be due to clinical expertise and familiarity with
dengue in Malaysia and/or frequent use of RDTs in Malaysian clin-
ics and emergency departments, and subsequent decisions to
admit based on their results. Indeed, 95.2% of VCD cases had
received an NS1 Ag RDT as part of their routine care; and 87% of
VCD cases had a positive NS1 Ag RDT result. The frequency of
pre-admission testing and subsequent hospitalization are likely
influenced by epidemic activity, availability of RDTs at health facil-
ities and hospital congestion, effects which have been shown to
introduce bias to TN studies of influenza vaccines.[37] The propor-
tion of suspected cases testing negative is also likely to vary across
time and study setting, requiring conservative sample size esti-
mates in future studies. Probably, a TN study would only be effi-
cient if a higher proportion of suspected cases tested negative,
perhaps by using a less specific case definition, and/or enrolment
at an earlier stage of the treatment pathway and before full clinical
assessment, for example in the clinic before RDTs are used, with a
follow-up to assess severity and hospitalization at a later time-
point. This approach would be less specific and require a larger
sample to capture the same number of outcomes.

4.3. Impact of disease severity and routine clinical practice

The efficacy of dengue vaccination varies according to disease
severity, and vaccination has been shown to increase the risk of
hospitalized dengue in seronegative vaccine recipients [8,38]. It
is therefore likely that effectiveness studies should capture severe
disease outcomes and we considered this an indicator of study

Table 3
Requirements for a dengue vaccine effectiveness study; challenges encountered and potential remedies.

Study requirement Challenge encountered Potential remedies

Sufficient sample size and
characteristics of cases

Few hospitalized suspected dengue
cases

- Increase number and/or range of study sites (e.g., include emergency department)
- Assess and improve enrolment mechanisms
- Assess local ethics administrative requirements and incorporate mechanisms to

ease enrolment
Few severe dengue cases - Recruit retrospectively using stored serum samples and/or medical records

- Assess and improve enrolment mechanisms

Sufficient number of case-controls
and test-negative controls

Few case-controls recruited - Consider community-based control recruitment (family members; neighbours;
etc.)

- Assess logistics of hospital-based recruitment during site selection
- Relax matching criteria based on expected exposure status

Few test-negative controls recruited
due to high confirmation rates in
suspected cases

- Enrol suspected cases prior to use of rapid tests
- Recruit from primary health centres or otherwise earlier in the patient pathway
- Recruit TN controls separately from routine clinical practice with a follow-up to

assess severity/hospitalization

Exposure history (e.g., exposure to
risk factors under study) of
controls representative of source
population of cases

Duration between case and control
recruitment may introduce bias in
exposure (during a vaccination
campaign; or if vaccination increases
during an outbreak)

- Enrol controls immediately after identification of suspected cases
- Consider community-based control recruitment (family members; neighbours;

etc.)
- Improve laboratory test turnaround time

Females over-represented as controls
in CC design which could bias results
if vaccination rates are unequal

- Match controls on sex
- Recruit from alternative hospital wards

Controls have similar outcome risk
(e.g., reporting to study site with
hospitalized dengue) as cases

Severity of conditions suffered by
case-controls may have differed from
hospitalized dengue

- Assess impact of using different control populations
- Make changes to study enabling test-negative design after assessing misclassifica-

tion bias arising from imperfect confirmatory diagnostics
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feasibility. Here, only seven cases had symptoms of severe dengue.
This may be associated with changing dengue epidemiology in
Malaysia, the cyclical nature of outbreaks or, perhaps more likely,
due to challenges in recruiting subjects from intensive care units or
who are otherwise clinically severe. This represents an important
study bias, confining analysis to milder cases and prohibiting effec-
tiveness estimation against severe outcomes which may be of par-
ticular relevance for policymakers and in whom vaccine
performance may differ. A study design should consider this bias
– perhaps by retrospective testing of stored biological specimens
after recovery or death of severe cases, for example, or by design-
ing streamlined methods of enrolment of severe patients.

Rates of confirmatory diagnostics used in routine clinical prac-
tice were variable and of inadequate sensitivity/specificity to con-
clude on infection status. This was most concerning for the NS1
Ag RDT which is most-commonly used in Malaysia and displayed
specificity much lower than reported elsewhere (many false-
positive results) [39]. This low specificity could be caused by
false-negative results in the reference assays but we have no evi-
dence of operational failings in sampling, specimen collection and
shipment. RT-PCR is considered the gold-standard. This study was
not designed specifically to assess diagnostic test performance
and subjects are not representative of the full spectrumof suspected
dengue cases in Malaysia. Nonetheless, the observation deserves
additional investigation, for example via clinical assessment of dis-
cordant cases; or programmatic evaluation of RDTs in the field.

4.4. Potential biases identified

CC studies are vulnerable to a number of biases, most notably
due to challenges in control selection [34,40]. Our approach was
to use hospitalized controls, matched to cases and recruited within
a similar time window. Hospitalized dengue is a rare outcome and
in this scenario, resulting ORs approximate the rate/risk ratio [40].
To minimize bias, controls should represent the population at risk;
and should be selected independent of the exposure of interest
[41]. Important biases may therefore arise if family dengue history
or community fogging – rates of which were elevated in cases over
controls – led to the decision to vaccinate. In such a scenario the
case-control population would have lower vaccination exposure
rates than cases, under-estimating the protective effects of vacci-
nation. Consideration of this and other related biases deserves fur-
ther assessment when patterns of dengue vaccine distribution
after launch are better-understood, including by verifying the
accuracy of patient-reported data with family members or public
health authorities to limit recall bias. We similarly observed gen-
der differences between cases and controls, perhaps caused by
the wards used for control identification. This may constitute a bias
because the sex-distribution of dengue in Malaysia is not equal
[27]. Matching controls to cases based on sex may be advisable
in the future.

We considered virological, rather than serological confirmation
essential to avoid misclassifying vaccinated controls as cases due
to false-positive serological test results [42]. However we cannot
exclude misclassification of cases as non-cases due to lack of sen-
sitivity of PCR/NS1 Ag ELISA, which we considered the gold-
standard assays. We also only enrolled subjects reporting �5 days’
fever in whom viremia and NS1 Ag circulation is most likely [4].
Modelling experiments indicate that misclassification in outcome
can constitute a significant source of bias, particularly in TN studies
and under relatively extreme diagnostic test sensitivity/specificity
scenarios, depending on vaccination coverage rate and other
parameters. It may therefore be prudent in future, if practical, to
minimize this bias by restricting TN control enrolment to those
with confirmed alternative discharge diagnoses. We have no data
on exposure misclassification because dengue vaccination is not

practiced in Malaysia, but we expect recollection of dengue vacci-
nation history to be good and the potential bias to be modest.

4.5. Limitations

This study was conducted in three sites in Malaysia over only
one year. Results should be generalized only in the context of local
epidemiology and treatment practices. Lower-than expected
recruitment led to frozen samples being stored for �6 weeks for
shipment but we do not anticipate an adverse impact on results.
Our difficulty in recruiting matched hospitalised controls resulted
in low statistical power which may have prevented identification
of risk factors, an effect difficult to describe because strong socio-
demographic risk factors for hospitalized dengue are unknown.
Practical limitations also led to lower-than-possible recruitment.

5. Conclusions

It is likely the TN design would not be efficient for a dengue vac-
cine effectiveness study in Malaysia unless a less-specific endpoint
were used to recruit subjects, enabling recruitment of higher num-
bers of TN controls. The CC method, with adjustments to methods
of control recruitment,may be feasible: we recruited 124 confirmed
dengue cases, an approximate minimum sample size. However,
there is a risk of significant bias and a full bias assessment after vac-
cination patterns are better-understood would be needed. Case-
basedmethodswith retrospective ascertainment of vaccination sta-
tushave limitations. The feasibility of population-based/community
evaluation methods should be explored to assess VE according to
serostatus prior to vaccination; and measure herd immunity.
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