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Abstract
Background

Montelukast has shown potential as a candidate treatment for dengue. This study aimed to
evaluate the efficacy and safety of montelukast in preventing dengue with warning signs.

Methods

This multicenter, randomized, double-blind, placebo-controlled trial enrolled adult partici-
pants with NS1 antigenemia in Thailand. The participants were randomly assigned to
receive either oral montelukast (10 mg) or a placebo for 10 days or until all symptoms
resolved.

Results

Between January 2021 and June 2023, 358 participants were enrolled and randomly
assigned (1:1) to receive either montelukast or placebo. The incidence rate of warning signs
in the montelukast group and the placebo group were 9.5% and 7.8% per day, respectively.
There was no difference between the two groups (HR 1.36; 95%CI 0.94—1.96, P = 0.105). No
statistically significant differences were observed in the incidence rate of severe dengue,
hemoconcentration, thrombocytopenia, admission, or recovery from dengue. Neither dengue
shock, nor mortality occurred. The montelukast group exhibited a decreased incidence rate
of transaminase elevations (0.7% vs 1.4% per day, HR: 0.48, 95%CI 0.25-0.90, P = 0.023).

Conclusion

Oral montelukast does not reduce the incidence of warning signs among patients with den-
gue. Nevertheless, the observed decrease in transaminase elevations warrants further
investigation to evaluate the potential effect of montelukast.
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Author summary

Although there is no specific treatment for dengue to date, montelukast shows promise as
a potential therapeutic agent. An open-label study previously showed a 71% reduction in
dengue shock among patients with dengue who were administered montelukast. How-
ever, concerns were raised regarding the clinical study’s lack of a power analysis or prede-
fined statistical difference. Because of its affordability, relatively safe profile, and
widespread availability, exploring its role in preventing dengue complications holds great
significance. This study is a double-blind clinical trial with pragmatic design assessing the
efficacy of montelukast in dengue. In contrast to the previous open-label study, montelu-
kast does not reduce the incidence of warning signs among patients with dengue. Never-
theless, a reduction in the incidence of transaminase elevations was observed. In
conclusion, montelukast should not be used for the prevention of warning signs in
patients with dengue. However, the observed decrease in transaminase elevations war-
rants further investigation to evaluate the potential effect of montelukast.

Introduction

Dengue poses a growing public health challenge in tropical countries [1]. With an estimated
four billion people at risk, it leads to significant mortality [2]. The primary cause of mortality in
dengue is vascular leak syndrome, which manifests with varying severity, from mild cases to
the life-threatening dengue shock syndrome [3].

Mast cells have recently been proposed as a potentially important regulator for vascular
leakage in dengue [4-7]. When activated, mast cells release various cytokines, including vascu-
lar endothelial growth factor, chymase, tryptase, histamine, and leukotriene, all playing roles
in increasing vascular permeability. Research suggests that mast cell stabilizers or antihista-
mine drugs might help manage this condition [4].

Leukotriene might play an important role in promoting plasma leakage and leukocyte adhe-
sion in postcapillary venules [8]. In dengue patients, leukotriene levels elevate during the
febrile and defervescence stage of the baseline values, and return to baseline in the convales-
cence stage [9]. Elevated leukotriene levels during the first four days of illness are associated
with a higher risk of developing dengue hemorrhagic fever [10].

Montelukast is a leukotriene receptor antagonist for the treatment of allergic disorders. It
possesses the capability to inhibit various leukotriene receptors to stabilize mast cells [11]. Ani-
mal model studies found that montelukast could reduce plasma leakage [5]. Dengue infected
mice administered montelukast displayed a notable decrease in Evans blue dye leakage into
their tissues compared to untreated mice. Notably, Montelukast exhibits potential effects
beyond addressing vascular leakage; it has been observed to impede the dengue virus infection
of lymphoid cells mediated by exogenous LTE4 [12].

A 2018 open-label retrospectively registered study found that patients treated with monte-
lukast 10 mg once daily had a 22% absolute risk reduction in dengue shock syndrome com-
pared to standard treatment.[13] However, to date, no double-blind pre-registered
randomized controlled trial has evaluated the efficacy of montelukast in dengue patients.
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The current management of dengue primarily involves symptomatic treatment and intravenous
fluid replacement, with no specific treatment demonstrating clear benefits in preventing complica-
tions [3]. Given that montelukast is an affordable, relatively safe, and widely available medication,
investigating its potential in preventing dengue complications is of paramount importance.

This study aimed to provide data on the efficacy and safety of a 10-day course of oral 10-mg
montelukast in preventing warning signs in dengue infection.

Methods
Ethical statement

This study was conducted in accordance with Good Clinical Practice Guidelines and followed
the approved protocol, including any subsequent amendments, as reviewed and sanctioned by
the Institutional Review Board, of both Royal Thai Army Medical Department (www.irbrta-
research.com reference number S077h/63) and the involved hospitals. The safety of the trial
was overseen by the Research Unit at Phramongkutklao Hospital. All participants provided
written informed consent before being enrolled.

Study design

This study was a multicenter, parallel-group, randomized, double-blind, placebo-controlled
clinical trial. The study enrolled patients from three Royal Thai Army hospitals situated in
Thailand, namely Phramongkutklao, Fort Suranari, and Ananda Mahidol Hospitals. These
hospitals had a capacity of 1,200, 420, and 321 beds, respectively.

The data and safety monitoring board performed a formal interim analysis after the enrol-
ment of 50 and 75% of participants. Data collection and management were performed by the
investigators and associated research personnel, while the final analyses were carried out by
the trial statistician.

Participants

Eligible patients were individuals aged 20 years or older, who were diagnosed with a clinical
diagnosis of dengue infection, as confirmed by either positive NS1 antigen (Standard F Dengue
NS1 Ag FIA, SD Biosensor, Gyeonggi-do, Republic of Korea) or positive PCR test (VIASURE,
CerTest Biotec, Zaragoza, Spain), irrespective of the duration of illness. Exclusion criteria
included the presence of any warning signs of dengue, concurrent diagnosis of other fever-
causing conditions, such as malaria or heat stroke, pregnancy, inability to take medication
orally, critical illness necessitating intubation or admission to an intensive care unit, inability
to communicate, or any indication of montelukast. The warning signs for exclusion derived
from the WHO 2009 guidelines [14], and included abdominal tenderness or pain, persistent
vomiting, clinical fluid accumulation, mucosal bleeding, liver enlargement exceeding 2 cm.
However, due to the enrolment timing of most participants during their initial hospital visit,
the increase in hematocrit concurrent with a decrease in platelet count could not be deter-
mined at that stage. Consequently, the exclusion criteria based on laboratory results relied on
the WHO 1997 guidelines definition of dengue hemorrhagic fever [15]. Eligible patients with a
hematocrit exceeding 50% of the whole blood volume and platelet count below 100x10°/L
were excluded from the study. All participants were followed up for a period of up to 14 days.

Randomization and masking

Upon enrolment, participants were randomly assigned, in a 1:1 ratio, to receive either montelu-
kast or placebo. A computer-generated randomization list was prepared by an independent
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statistician. The list was stratified by the center and used a block size of four. Each center received
the study medications, the indistinguishable 10-mg tablets packaged in sequentially numbered
containers. These medications were supplied by Unison Laboratories (Chachoengsao, Thailand).

Once a participant met all the necessary entry criteria, they were assigned the next available
randomization number in chronological order at their respective center. The participants,
investigators, and medical teams involved in the study were kept unaware of the group assign-
ments. Interim analyses were performed masked to treatment allocation.

Procedures

Researchers were notified regarding the eligible patients by the laboratory professionals who
routinely conducted NS1 antigen or PCR tests on patient specimens. Within 24 hours of the
positive results, these eligible patients were approached for participation. They were then
administered either 10 mg of montelukast or a placebo orally immediately and continued to
take it daily for 10 days or until they recovered, whichever came first. Recovery was defined as
the point when attending physicians confirmed the discontinuation of follow-up
appointments.

If any participant developed a convalescence rash indicating disease recovery, they were
advised to stop taking the medication. Convalescence rash was defined as any rash that
appeared after the fever had subsided. Only new rashes that occurred during the febrile phase
were considered potential adverse drug reactions.

The participants were followed at least every other day for 14 days or until their attending
physicians ended the follow-up appointments, whichever is shorter. The follow-up parameters
included clinical symptoms, warning signs, potential adverse drug reactions, hospitalization
status, death status, and laboratory results, irrespective of whether the participants completed
the full scheduled course of the allocated study treatment. Mandatory laboratory investigation
at each visit was complete blood count. Study staff sought follow-up information through tele-
phone calls and reviewing information from medical notes and healthcare systems.

Outcomes

The primary outcome was the incidence rate of participants with the first time of any warning
signs, as per WHO guidelines [14]. These warning signs included abdominal tenderness or
pain, persistent vomiting, clinical fluid accumulation, mucosal bleeding, liver enlargement
greater than 2cm, and increasing hematocrit with decreasing platelet levels from the time of
enrolment. However, subjective lethargy was excluded as a criterion for warning signs it had
low specificity to severe dengue [16].

Secondary outcomes assessed in the intention-to-treat population included the incidence
rate of severe dengue, decreased platelet count, increased hematocrit, hospitalization, transam-
inase elevations, and disease recovery.

The severe dengue was defined according to WHO guidelines [14]. Transaminase eleva-
tions were defined as a combination of aspartate transaminase (AST) and alanine transaminase
(ALT) concentrations of more than 3 times the upper limit of normal, excluding those who
had transaminase elevations at enrolment [17].

Safety was evaluated by use of CTCAE (version 5), excluding rash compatible with conva-
lescence rash.

Statistical analysis

Based on findings in a study reporting the incidence of dengue with warning signs excluding
lethargy [16], we assumed a 54.5% event rate for the primary outcome in the placebo group.
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Regarding the 22% absolute risk reduction in dengue shock syndrome in an open-label study
[13], we assumed a 15% effect size for the intervention (absolute risk reduction of 0.15). With
a 5% rate of loss to follow-up, and a two-sided test at the 5% level, a sample size of 358 provides
approximately 80% power to detect a reduction in the primary endpoint between the two
arms.

Data collection was conducted using case record forms, which were later transferred to an
Excel spreadsheet via email. Validated data were transferred to R program for statistical
analyses.

The analysis approach involved intention-to-treat analyses, where all participants random-
ized to different treatment arms were compared, regardless of whether they received their allo-
cated treatment. For comparisons between groups, Pearson’s chi-square test or Fisher’s exact
test was used for proportions, and Student’s T-test or Mann-Whitney U test was used for con-
tinuous outcomes, as appropriate.

To estimate cumulative incidence and assess the efficacy of montelukast compared to pla-
cebo, the Kaplan-Meier method and the stratified log-rank statistic were employed. Addition-
ally, an adjusted analysis of survival was conducted using a Cox proportional-hazards
regression model that included baseline variables with a p value of 0.10 or less for between-
group comparisons.

The generalized estimating equation (GEE) for global tests of repeated measures was used
to examine the association of various laboratory results and body temperature with treatment
groups and days until peak. The days until peak were adjusted for the days of the minimum
platelet, white blood cell count, body temperature, or maximum hematocrit, AST, ALT of each
participant with various stages of illness.

Interim analyses for safety and efficacy at 50 and 75% of information were performed by
the independent statistician from an independent data and safety monitoring board with
group sequential stopping boundaries defined with the use of a Lan-DeMets spending function
with O’Brien-Fleming monitoring boundary. The trial would not be stopped in case of futility
[18].

All statistical analyses were performed with R program, version 4.3.1 for statistical analyses.
All p values were two-tailed. This trial was registered at ClinicalTrials.gov with the study iden-
tifier: NCT04673422.

Results
Population of patients

Between January 15, 2021 and June 17, 2023, a total of 406 eligible patients with NS1 antigene-
mia were identified at the study sites. Out of these, 358 participants were enrolled and ran-
domly assigned to receive either montelukast (n = 179) or placebo (n = 179) within 24 hours
after detecting dengue NS1 antigen (Fig 1). Among the 358 enrolled participants, one person
from the placebo group was excluded owing to an inclusion mistake (baseline hematocrit of
50.3%). This participant did not receive any study medication and was withdrawn from the
trial within 24 hours of enrolment. As a result, 357 participants were included in the intention-
to-treat analysis.

A total of 25 participants were lost to follow up and one participant did not take any medi-
cation, leaving 163 participants in montelukast group and 168 participants in placebo group
included in per-protocol analysis.

Descriptive baseline characteristics are presented in Table 1. The median age was 23 (IQR
22-29) years, with 303 (84.6%) of them being male. The median duration of fever before enrol-
ment was 2.46 (IQR 1.50-3.67) days. The most prevalent serotypes were serotype 1 (236,
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406 patients were
assessed for eligibility

48 ineligible
26 did not provide consent
9 had warning signs
5 expected of co-infections
4 could not come for regular follow-up
4 pregnant

A4

358 randomized

l
| !

| 179 assigned montelukast | 1 179 assigned placebo

1 had warning sign at

—
enrolment

A 4 \4
| 179 included in | | 178 included in
intention-to-treat population intention-to-treat population

15 were lost to follow up
1 did not take any medication

—> 10 were lost to follow up
A4 A 4
163 included in 168 included in
per-protocol population per-protocol population

Fig 1. Trial profile.
https://doi.org/10.1371/journal.pntd.0011927.g001

67.8%), and serotype 2 (81, 23.3%). The participants took the study medications for a median
of 5 (IQR 4-7) days.

Clinical outcomes

The cumulative incidences of warning signs in the montelukast group and the placebo group
were 35.2% (63/179) and 29.8% (53/178), respectively. Almost all participants (113/116, 97.4%)
experienced increasing hematocrit with decreasing platelet counts as their first warning signs.
In two participants, severe dengue preceded laboratory abnormalities. One participant experi-
enced mucosal bleeding without an increase in hematocrit and decrease in platelet count.

The incidence rate of warning signs in the montelukast group and the placebo group was
9.5% and 7.8% per day, respectively. There was no difference between the two groups (HR
1.36, 95%CI 0.94-1.96, P = 0.105), as shown in Fig 2 and Table 2.

A total of 58/275 (21.1%) participants were admitted after enrolment. The median length of
hospital stay was 3 (IQR 2-4.5) days. Severe dengue was found in 5/377 (2.5%) participants, all
of whom had AST levels exceeding 1,000 U/L. One participant in the placebo group also expe-
rienced upper gastrointestinal tract hemorrhage.

There were no statistically significant differences in the incidence rate of severe dengue,
increased hematocrit, decreased platelet, admission, or recovery from dengue, as shown in
Table 2. There was no difference in the length of hospital stay (median 3 (IQR: 2-4) vs 3 (IQR:
2-5) days, p value = 0.478). No dengue shock or mortality observed in this study.

Transaminase levels were evaluated in 68.3% of participants (244/357); 65.4% (117/179)
and 71.3% (127/178) in the montelukast and placebo group, respectively. There was a differ-
ence in the incidence rate of transaminase elevations. The cumulative incidence of transami-
nase elevation in the montelukast group and the placebo group was at 8.1% (14/172) and
16.7% (29/174), respectively. The incidence rate in the montelukast group and placebo group
was 0.7% and 1.4% per day, respectively (HR: 0.48, 95%CI 0.25-0.90, P = 0.023), as depicted in
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Table 1. Baseline characteristics.

Characteristic Montelukast n = 179 Placebo n =178
Male (%) 154 (86.0) 148 (83.1)
Age (years) 23 (22-28) 23 (22-30)
Fever duration (days) 2.4(1.4-3.7) 2.6 (1.5-3.7)
Body temperature (°C) 38.0 (37.0-38.7) 37.8 (37.0-38.5)
Body weight (kg) 67 (60-76) 68 (60-80)
Underlying diseases 10 (5.6) 20 (11.2)

« Hypertension 2 (1.1) 10 (5.6)

« Diabetes 2 (1.1) 5(2.8)

« Hyperlipidemia 2(1.1) 4(2.2)

« Coronary and cerebrovascular diseases 1(0.6) 2(1.1)

« Otherst 3(1.7) 4(2.2)

Site

« Phramongkutklao Hospital 169 (94.4) 168 (94.9)

« Ananda Mahidol Hospital 8 (4.5) 8 (4.5)

« Fort Suranari Hospital 2(1.1) 1(0.6)
Hematocrit (%) 43.2 (40.7-45.3) 42.1 (40.3-45.3)
Leukocyte (><106/L) 3.9 (2.9-5.2) 3.9(3.1-5.4)
Platelet (x10%/L) 144 (110-198) 153 (119-184.5)
AST (U/L) 56.3 (34.9-94.4) 50.9 (34.9-94.3)
ALT (U/L) 34.9 (21.7-75.8) 35.6 (21-66)
Creatinine (mg/dL) 1.1(1-1.2) 1.0 (0.8-1.2)
Admission 26 (14.5) 38 (21.3)
Serotype

« Serotype 1 109 (62.6) 127 (73.0)

« Serotype 2 47 (27.0) 34 (19.5)

« Serotype 3 2(1.1) 3(1.7)

« Serotype 4 17 (9.8) 11 (6.3)

Data are n (%), or median (IQR).

+ Other underlying diseases comprised: montelukast- 1 chronic kidney disease, 1 migraine, 1 osteoarthritis of knee;

placebo- 1 deep venous thrombosis, 1 asthma, 1 vitiligo, 1 hypothyroidism.

https://doi.org/10.1371/journal.pntd.0011927.t001

Fig 3. S1-54 Figs illustrated the measured transaminase levels of all individuals. GEE analysis
showed significantly lower estimate of AST (-87.88 U/L, p = 0.023) and trend toward lower
estimate of ALT (-31.04 U/L, p = 0.078) in the montelukast group. For further laboratory
results and body temperature, refer to S5-S8 Figs and S1 Table.

Safety

No serious adverse event was found in both groups. Potential adverse drug reactions were
found in three participants, all of whom were in placebo group (P = 0.244). These reactions
included two cases of dizziness (grade 2), and one case of oedema face (grade 1). There were
no reports of any rash development before defervescence in either group.

Subgroup analyses

No differences in the primary outcome were found between the two groups in per-protocol
analysis, or any subgroups regardless of study sites, serotypes, sex, underlying diseases, or
admission at enrolment. The findings of these analyses are presented in Fig 4.
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Medication = Montelukast = Placebo
100%
75%
3
= C
S8 50%1
£2
O
25%
0%
0 2 4 6 8 10 12 14
Days
Number at risk
Montelukast 179 121 40 32 28 26 26 26
Placebo 178 129 48 30 24 23 21 21

Cumulative number of events

Montelukast 0 48 62 64 64 64 64 64

Placebo 0 36 48 53 53 53 53 53

Fig 2. Primary outcome. Kaplan-Meier curve shows the number of participants at risk and the cumulative number of
events in the whole study cohort. Shaded regions around curves represent 95% Cl.

https://doi.org/10.1371/journal.pntd.0011927.g002

Discussion

In our study, the findings revealed that montelukast did not have efficacy in reducing the inci-
dence of dengue with warning signs, severe dengue, hemoconcentration, thrombocytopenia,
hospitalization, or disease recovery. On the other hand, there was a lower incidence rate of
transaminase elevations in the montelukast group.

The cumulative incidence of warning signs was lower than what was expected with 32.5%
observed versus 54.5% expected. This could possibly be attributed to the fact that a majority of
the participants were young and previously healthy. Additionally, the exclusion of patients
with warning signs at baseline which led to 2.2% of eligible patients being excluded may have
contributed to this lower incidence. Nonetheless, this lower incidence should not have

Table 2. Outcomes.

Outcome Montelukast Placebo Hazard Ratio (95% CI) p value
n % per day n % per day

All participants n=179 n=178

Primary outcome

» Warning signs 64 9.5% 53 7.8% 1.36 (0.94-1.96) 0.105

Secondary outcomes

« Severe dengue 2 0.1% 3 0.1% 0.64 (0.11-3.81) 0.621

« Decreased platelet count 81 4.9% 76 4.4% 1.26 (0.91-1.73) 0.162

« Increased hematocrit 122 8.7% 123 9.3% 1.10 (0.85-1.41) 0.478

o Admission 25 1.5% 33 2.3% 0.73 (0.44-1.24) 0.247

« Transaminase elevations 14 0.7% 29 1.4% 0.48 (0.25-0.90) 0.023

« Recovery 179 8.8% 178 9.6% 1.17 (0.95-1.44) 0.149

https://doi.org/10.1371/journal.pntd.0011927 1002
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Medication = Montelukast = Placebo
100%
75%
33 50%
£2
O
25%
I
0%
0 2 4 6 8 10 12 14
Days
Number at risk
Montelukast 172 157 153 148 146 144 143 143
Placebo 174 162 154 143 137 136 135 135

Cumulative number of events
Montelukast 0 2 6 1 13 14 14 14

Placebo 0 7 13 25 27 28 29 29

Fig 3. Incidence of transaminase elevation overtime. Kaplan-Meier curve shows the number of participants at risk
and the cumulative number of events in the whole study cohort. Shaded regions around curves represent 95% Cls.

https://doi.org/10.1371/journal.pntd.0011927.g003

underestimated montelukast efficacy since there was no observed trend toward improvement
in efficacy.

The findings contrast with the previous open-label study that showed the beneficial out-
come with montelukast in reducing the incidence of dengue shock syndrome [13]. Several fac-
tors may account for these divergent results. Firstly, different modalities of supportive

Subgroup No. of patients Hazard Ratio 95%ClI

Overall 357 - 1.36 094 1.96
Per-protocol population 331 il- 1.32 091 191
Study site !

Phramongkutklao Hospital 338 - 135 0.93 195
Other hospitals 19 L 2.46 0.09 64.62
Serotype i

Serotype 1 236 = 1.41 0.88 2.27
Other serotypes 111 - %12, 0.62 2.04
Sex E

Male 302 :l- 1.38 0.92 2.06
Female 55 —— 1.43 0.56 3.64
Underlying diseases .

Yes 30 = 1.32 0.90 1.95
No 327 —— 1.52 0.48 4.80
Admission at enrolment i

Yes 64 —— 1.16 053 2.54
No 293 - 1.44 095 2.19

0.1 1 10 100

Montelukast better  Placebo better

Fig 4. Subgroup analyses for the primary outcome. CI: Confidence interval.
https://doi.org/10.1371/journal.pntd.0011927.9004
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treatments in the two studies may have influenced the outcomes. Secondly, the absence of den-
gue shock syndrome in our study, which vastly differed from the referred study, may be due to
the majority of participants being young and healthy. Warning signs closely monitored and
managed in this trial might also prevent the development of dengue shock syndrome. Finally,
our study had less ascertainment bias due to the use of a pre-registered double-blind method.

Nevertheless, our study revealed a lower incidence rate of transaminase elevations in the
montelukast group compared to the placebo group. Although not all participants had their
transaminase levels measured, the cumulative incidence in the placebo group (16.7%) was
comparable to two previous studies where transaminase levels were monitored daily (16.3%
and 17.9%) [17,19]. While this finding could be a chance occurrence, it is crucial to explore the
possible mechanism, given that severe acute hepatitis in dengue is associated with poor out-
comes such as prolonged hospital stay, bleeding, renal failure, and mortality [20,21].

The mechanism behind transaminase elevations is attributed to hepatic cell apoptosis
caused by viral cytopathy, hypoxic mitochondrial dysfunction, immune response, and acceler-
ated endoplasmic reticular stress [22]. As part of the host immune response, various cytokines,
including interleukin (IL)-2, IL-6, tumor necrosis factor (TNF)-a, and interferon (IFN)-y,
contribute to severe dengue [22]. Other mechanisms for severe dengue involve platelet-activat-
ing factor and serum phospholipase A2 secreted by mast cells [23]. All of these factors may
contribute to hepatic cell apoptosis. However, no direct correlations have been found between
leukotriene levels and hepatic cell apoptosis.

It is worth noting that the intake of paracetamol in dengue has been confirmed to increase
the incidence of transaminase elevations [17]. However, the difference in unrecorded paraceta-
mol intake between the two groups is unlikely to be the reason, as the duration of illness was
similar in both groups. The trend toward higher body temperature was observed in the monte-
lukast group (p = 0.065). Further research in in-patient setting, where transaminase levels and
other clinical parameters can be closely monitored, may be needed to confirm the observed
differences in transaminase elevations between the montelukast and placebo groups.

Our study had certain limitations. Firstly, the medication adherence of individual partici-
pants could not be documented reliably, despite attempting to notify and check drug compli-
ance through telephone calls. Secondly, the majority of participants were young Thai men,
which may not fully represent real-world practice. Thirdly, because of the brief two-year trial
duration, there was limited diversity in the prevalence of serotypes, with serotype 1 comprising
two-thirds of the participants. The efficacy might not extend to other serotypes. However, sub-
group analysis did not reveal any sign of montelukast benefit. Finally, attending physicians
had considerable freedom in conducting laboratory investigations due to the limited resources.
Although this approach was pragmatic, it might introduce the possibility of unaccountable
bias influencing decision-making for investigation. Nevertheless, objective outcomes such as
admission rates and severe dengue were comparable between the two groups.

In conclusion, the 10-day course of 10-mg montelukast does not prevent dengue with
warning signs compared to a placebo. Interestingly, the montelukast group showed a lower
incidence rate of transaminase elevations compared to the placebo group. Further research is
required to thoroughly evaluate this potential effect.

Supporting information

S1 CONSORT Checklist. CONSORT Checklist.
(PDF)

S1 Protocol. Study Protocol.
(PDF)

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011927  February 2, 2024 10/13


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0011927.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0011927.s002
https://doi.org/10.1371/journal.pntd.0011927

PLOS NEGLECTED TROPICAL DISEASES Montelukast for dengue warning signs

S1 Fig. AST concentrations of all individuals and the mean concentration of each group
with 95%CI on each day after enrolment.
(JPG)

S2 Fig. ALT concentrations of all individuals and the mean concentration of each group
with 95%CI on each day after enrolment.
(JPG)

S3 Fig. AST concentrations of all individuals and the mean concentration of each group
with 95%CI on each day before maximum concentrations.
(JPG)

S4 Fig. ALT concentrations of all individuals and the mean concentration of each group
with 95%CI on each day before maximum concentrations.
(JPG)

S5 Fig. Hematocrit of all individuals and the mean concentration of each group with 95%
CI on each day after enrolment.
(JPG)

S6 Fig. Platelet count of all individuals and the mean concentration of each group with
95%CI on each day after enrolment.
(JPG)

S7 Fig. Hematocrit of all individuals and the mean concentration of each group with 95%
CI on each day before the peak values.
JPG)

S8 Fig. Platelet count of all individuals and the mean concentration of each group with
95%CI on each day before the peak values.
(JPG)

S1 Table. Results of the generalized estimating equation (GEE) examining the association
of various laboratory results and body temperature with the treatment groups and days
until peak.

(DOCX)

Acknowledgments

We thank Ouppatham Supasyndh, Research Unit, Phramongkutklao Hospital, and Data and
Safety Monitoring Board members for study oversight and outcome review: Amnart Chaipra-
sert, Bancha Satirapoj, Sirakarn Tejavanija, Wichai Santimaleeworagun, Chantima Pongsu-
parbchon, Sujittra Suriwong, and Rattanawan Dispan. We thank Louise Kreitmann for study
statistics consultation; all nurses and other health care personnel in all study sites and the inter-
nal medicine residents and fellows at the trial sites for their assistance with recruitment.

Author Contributions
Conceptualization: Nattapat Nitinai, Vasin Vasikasin.

Data curation: Worapong Nasomsong, Worayon Chuerboonchai, Akarawin Tweekittikul,
Thananut Bangchuad.

Formal analysis: Vasin Vasikasin.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011927  February 2, 2024 11/13


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0011927.s003
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0011927.s004
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0011927.s005
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0011927.s006
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0011927.s007
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0011927.s008
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0011927.s009
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0011927.s010
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0011927.s011
https://doi.org/10.1371/journal.pntd.0011927

PLOS NEGLECTED TROPICAL DISEASES Montelukast for dengue warning signs

Funding acquisition: Vasin Vasikasin.

Investigation: Nattapat Nitinai, Worapong Nasomsong, Worayon Chuerboonchai, Akarawin
Tweekittikul, Vutthikorn Khingmontri, Bawornnan Panuvatvanich, Thananut Bangchuad,
Maynanchaya Pongpraijaroen, Tanapol Roongfa-ngarm.

Methodology: Nattapat Nitinai, Worapong Nasomsong.

Project administration: Worapong Nasomsong, Worayon Chuerboonchai, Akarawin
Tweekittikul.

Resources: Vasin Vasikasin.

Supervision: Vasin Vasikasin.

Validation: Vasin Vasikasin.

Writing - original draft: Nattapat Nitinai.

Writing - review & editing: Nattapat Nitinai, Worapong Nasomsong, Worayon Chuer-
boonchai, Akarawin Tweekittikul, Vutthikorn Khingmontri, Bawornnan Panuvatvanich,
Thananut Bangchuad, Maynanchaya Pongpraijaroen, Tanapol Roongfa-ngarm, Vasin
Vasikasin.

References

1.  Guzman MG, Gubler DJ, Izquierdo A, Martinez E, Halstead SB. Dengue infection. Nat Rev Dis Primers.
2016; 2:16055. Epub 20160818. https://doi.org/10.1038/nrdp.2016.55 PMID: 27534439.

2. Brady OJ, Gething PW, Bhatt S, Messina JP, Brownstein JS, Hoen AG, et al. Refining the global spatial
limits of dengue virus transmission by evidence-based consensus. PLoS Negl Trop Dis. 2012; 6(8):
e1760. Epub 20120807. https://doi.org/10.1371/journal.pntd.0001760 PMID: 22880140; PubMed Cen-
tral PMCID: PMC3413714.

3. Wilder-Smith A, Ooi EE, Horstick O, Wills B. Dengue. Lancet. 2019; 393(10169):350—63. https://doi.
org/10.1016/S0140-6736(18)32560-1 PMID: 30696575.

4. Sherif NA, Zayan AH, Elkady AH, Ghozy S, Ahmed AR, Omran ES, et al. Mast cell mediators in relation
to dengue severity: A systematic review and meta-analysis. Rev Med Virol. 2020; 30(1):e2084. Epub
20191110. https://doi.org/10.1002/rmv.2084 PMID: 31709696.

5. StJohn AL, Rathore AP, Raghavan B, Ng ML, Abraham SN. Contributions of mast cells and vasoactive
products, leukotrienes and chymase, to dengue virus-induced vascular leakage. Elife. 2013; 2:e00481.
Epub 20130430. https://doi.org/10.7554/eLife.00481 PMID: 23638300; PubMed Central PMCID:
PMC3639510.

6. Londono-Renteria B, Marinez-Angarita JC, Troupin A, Colpitts TM. Role of Mast Cells in Dengue Virus
Pathogenesis. DNA Cell Biol. 2017; 36(6):423—7. Epub 20170509. https://doi.org/10.1089/dna.2017.
3765 PMID: 28486041.

7. Brown MG, Hermann LL, Issekutz AC, Marshall JS, Rowter D, Al-Afif A, et al. Dengue virus infection of
mast cells triggers endothelial cell activation. J Virol. 2011; 85(2):1145-50. Epub 20101110. https://doi.
org/10.1128/JV1.01630-10 PMID: 21068256; PubMed Central PMCID: PMC3019992.

8. Dahlen SE, Bjork J, Hedqvist P, Arfors KE, Hammarstrom S, Lindgren JA, et al. Leukotrienes promote
plasma leakage and leukocyte adhesion in postcapillary venules: in vivo effects with relevance to the
acute inflammatory response. Proc Natl Acad Sci U S A. 1981; 78(6):3887-91. https://doi.org/10.1073/
pnas.78.6.3887 PMID: 6267608; PubMed Central PMCID: PMC319678.

9. Loke WM, Chow AY, Lam Mok Sing K, Lee CY, Halliwell B, Lim EC, et al. Augmentation of 5-lipoxygen-
ase activity and expression during dengue serotype-2 infection. Virol J. 2013; 10:322. Epub 20131030.
https://doi.org/10.1186/1743-422X-10-322 PMID: 24168271; PubMed Central PMCID: PMC3817354.

10. SilvaT, Jeewandara C, Gomes L, Gangani C, Mahapatuna SD, Pathmanathan T, et al. Urinary leukotri-
enes and histamine in patients with varying severity of acute dengue. PLoS One. 2021; 16(2):
e€0245926. Epub 20210205. https://doi.org/10.1371/journal.pone.0245926 PMID: 33544746; PubMed
Central PMCID: PMC7864425.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011927  February 2, 2024 12/13


https://doi.org/10.1038/nrdp.2016.55
http://www.ncbi.nlm.nih.gov/pubmed/27534439
https://doi.org/10.1371/journal.pntd.0001760
http://www.ncbi.nlm.nih.gov/pubmed/22880140
https://doi.org/10.1016/S0140-6736%2818%2932560-1
https://doi.org/10.1016/S0140-6736%2818%2932560-1
http://www.ncbi.nlm.nih.gov/pubmed/30696575
https://doi.org/10.1002/rmv.2084
http://www.ncbi.nlm.nih.gov/pubmed/31709696
https://doi.org/10.7554/eLife.00481
http://www.ncbi.nlm.nih.gov/pubmed/23638300
https://doi.org/10.1089/dna.2017.3765
https://doi.org/10.1089/dna.2017.3765
http://www.ncbi.nlm.nih.gov/pubmed/28486041
https://doi.org/10.1128/JVI.01630-10
https://doi.org/10.1128/JVI.01630-10
http://www.ncbi.nlm.nih.gov/pubmed/21068256
https://doi.org/10.1073/pnas.78.6.3887
https://doi.org/10.1073/pnas.78.6.3887
http://www.ncbi.nlm.nih.gov/pubmed/6267608
https://doi.org/10.1186/1743-422X-10-322
http://www.ncbi.nlm.nih.gov/pubmed/24168271
https://doi.org/10.1371/journal.pone.0245926
http://www.ncbi.nlm.nih.gov/pubmed/33544746
https://doi.org/10.1371/journal.pntd.0011927

PLOS NEGLECTED TROPICAL DISEASES Montelukast for dengue warning signs

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Jo-Watanabe A, Okuno T, Yokomizo T. The Role of Leukotrienes as Potential Therapeutic Targets in
Allergic Disorders. Int J Mol Sci. 2019; 20(14). Epub 20190722. https://doi.org/10.3390/ijms20143580
PMID: 31336653; PubMed Central PMCID: PMC6679143.

Fonseka CL, Hardman CS, Woo J, Singh R, Nahler J, Yang J, et al. Dengue virus co-opts innate type 2
pathways to escape early control of viral replication. Commun Biol. 2022; 5(1):735. Epub 20220722.
https://doi.org/10.1038/s42003-022-03682-5 PMID: 35869167; PubMed Central PMCID:
PMC9306424.

Ahmad A, Waseem T, Butt NF, Randhawa FA, Malik U, Shakoori TA. Montelukast Reduces the Risk of
Dengue Shock Syndrome in Dengue Patients. Trop Biomed. 2018; 35(4):1115-22. PMID: 33601858.

WHO. Dengue: guidelines for diagnosis, treatment, prevention and control: World Health Organization;
2009.

WHO. Dengue haemorrhagic fever: diagnosis, treatment, prevention and control: World Health Organi-
zation; 1997.

Leo YS, Gan VC, Ng EL, Hao Y, Ng LC, Pok KY, et al. Utility of warning signs in guiding admission and
predicting severe disease in adult dengue. BMC Infect Dis. 2013; 13:498. Epub 20131024. https://doi.
0rg/10.1186/1471-2334-13-498 PMID: 24152678; PubMed Central PMCID: PMC4015176.

Vasikasin V, Rojdumrongrattana T, Chuerboonchai W, Siriwiwattana T, Thongtaeparak W, Niyasom S,
et al. Effect of standard dose paracetamol versus placebo as antipyretic therapy on liver injury in adult
dengue infection: a multicentre randomised controlled trial. Lancet Glob Health. 2019; 7(5):e664—e70.
https://doi.org/10.1016/S2214-109X(19)30032-4 PMID: 31000133.

Schulz KF, Altman DG, Moher D, Group C. CONSORT 2010 statement: updated guidelines for report-
ing parallel group randomized trials. Ann Intern Med. 2010; 152(11):726-32. Epub 20100324. https://
doi.org/10.7326/0003-4819-152-11-201006010-00232 PMID: 20335313.

Malavige GN, Wijewickrama A, Fernando S, Jeewandara C, Ginneliya A, Samarasekara S, et al. A pre-
liminary study on efficacy of rupatadine for the treatment of acute dengue infection. Sci Rep. 2018; 8
(1):3857. Epub 20180301. https://doi.org/10.1038/s41598-018-22285-x PMID: 29497121; PubMed
Central PMCID: PMC5832788.

Almas A, Parkash O, Akhter J. Clinical factors associated with mortality in dengue infection at a tertiary
care center. Southeast Asian J Trop Med Public Health. 2010; 41(2):333—40. PMID: 20578516.

Parkash O, Almas A, Jafri SM, Hamid S, Akhtar J, Alishah H. Severity of acute hepatitis and its outcome
in patients with dengue fever in a tertiary care hospital Karachi, Pakistan (South Asia). BMC Gastroen-
terol. 2010; 10:43. Epub 20100507. https://doi.org/10.1186/1471-230X-10-43 PMID: 20459677
PubMed Central PMCID: PMC2881113.

Samanta J, Sharma V. Dengue and its effects on liver. World J Clin Cases. 2015; 3(2):125-31. https:/
doi.org/10.12998/wjcc.v3.i2.125 PMID: 25685758; PubMed Central PMCID: PMC4317605.

Jeewandara C, Gomes L, Udari S, Paranavitane SA, Shyamali NL, Ogg GS, et al. Secretory phospholi-
pase A2 in the pathogenesis of acute dengue infection. Immun Inflamm Dis. 2017; 5(1):7—15. Epub
20161211. https://doi.org/10.1002/iid3.135 PMID: 28250920; PubMed Central PMCID: PMC5322161.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011927  February 2, 2024 13/13


https://doi.org/10.3390/ijms20143580
http://www.ncbi.nlm.nih.gov/pubmed/31336653
https://doi.org/10.1038/s42003-022-03682-5
http://www.ncbi.nlm.nih.gov/pubmed/35869167
http://www.ncbi.nlm.nih.gov/pubmed/33601858
https://doi.org/10.1186/1471-2334-13-498
https://doi.org/10.1186/1471-2334-13-498
http://www.ncbi.nlm.nih.gov/pubmed/24152678
https://doi.org/10.1016/S2214-109X%2819%2930032-4
http://www.ncbi.nlm.nih.gov/pubmed/31000133
https://doi.org/10.7326/0003-4819-152-11-201006010-00232
https://doi.org/10.7326/0003-4819-152-11-201006010-00232
http://www.ncbi.nlm.nih.gov/pubmed/20335313
https://doi.org/10.1038/s41598-018-22285-x
http://www.ncbi.nlm.nih.gov/pubmed/29497121
http://www.ncbi.nlm.nih.gov/pubmed/20578516
https://doi.org/10.1186/1471-230X-10-43
http://www.ncbi.nlm.nih.gov/pubmed/20459677
https://doi.org/10.12998/wjcc.v3.i2.125
https://doi.org/10.12998/wjcc.v3.i2.125
http://www.ncbi.nlm.nih.gov/pubmed/25685758
https://doi.org/10.1002/iid3.135
http://www.ncbi.nlm.nih.gov/pubmed/28250920
https://doi.org/10.1371/journal.pntd.0011927

