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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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Clinicaltrials.gov, NCT04673422, registered on 9 December 2020

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 100×109/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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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

Fig 1. Trial profile.

https://doi.org/10.1371/journal.pntd.0011927.g001
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Fig 3. S1–S4 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.

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)

• Others† 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 (×109/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
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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

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% CIs.

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

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

• 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.t002
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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

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% CIs.

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

Fig 4. Subgroup analyses for the primary outcome. CI: Confidence interval.

https://doi.org/10.1371/journal.pntd.0011927.g004
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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)-α, and interferon (IFN)-γ,

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.
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