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Letter to the Editor 

Performance of soluble suppressor of 
tumorigenicity-2 as a prognostic marker for 
severe dengue in adults

Background

We read with interest a recent Letter from Khurram et al. on 
COVID-19 and dengue co-epidemics may dilapidate healthcare 
systems.1

Dengue, an arthropod-borne viral disease, is spreading rapidly 
and has increased eightfold in the last two decades. Yearly an esti
mated 390 million infections occur resulting in 20,000 deaths.2 In 
endemic regions, up to 10% of all febrile episodes are attributed to 
dengue, and the percentage of dengue cases admitted for inpatient 
management was 19% in Asia.2

Most symptomatic dengue is uncomplicated, but a minority of 
patients may develop severe disease. In the febrile phase of dengue, 
clinical symptoms last between 2 to 7 days. In the subsequent 
24–48 h, some patients enter the critical phase, while others recover 
well with the resolution of symptoms.3 Current stratification on the 
risk of severe dengue (SD) is based on features defined by the World 
Health Organization (WHO), termed warning signs.4 Although 
warning signs are sensitive, they lack precision and may result in 
unnecessary hospitalisation. Reliable prognostic biomarkers that can 
be used in a variety of healthcare settings may thus reduce the strain 
on healthcare resources, especially during dengue outbreaks.

We previously demonstrated that soluble suppressor of tumor
igenicity-2 (sST2), a biomarker for cardiac failure, to be elevated in 
proportion to dengue severity.5 Others have also reported increased 
sST2 levels in paediatric with dengue haemorrhagic fever.6

In here, using an US-FDA approved cut-off value (35 ng/ml, for 
stratifying cardiac failure), we prospectively evaluated the sensi
tivity, specificity, positive predictive value (PPV) and negative pre
dictive value (NPV) of sST2 to predict SD.

Materials and methods

Details of participants recruitment were previously described.5

Briefly, dengue patients were recruited and followed up from febrile, 
critical, early, and late recovery phases. Disease severities were as
signed based on WHO 2009 classifications - dengue fever (DF), 
dengue fever with warning signs (DWS) and SD. The critical phase 
was defined according to the day with the lowest platelet count 
concurrent with the highest haematocrit and defervescence. Plasma 
sST2 levels were assayed by ELSIA based on manufacture’s protocols. 
The area under the receiver operating curve (AUROC) and corre
sponding 95% confidence intervals (CI) were calculated. An optimal 
cut-off value to predict SD was determined by Youden’s index. To
gether with the cut-off value and historical prevalence of SD, re
ported locally,7,8 we determine the sensitivity, specificity NPV and 

PPV of sST2 as a prognostic biomarker of SD. This study was ap
proved by the National Healthcare Group Domain Specific Review 
Board (E/2016/00982). Written informed consent was obtained from 
all patients prior to enrolment.

Results

Detailed baseline characteristics have been published.5 There 
were 129 patients recruited for the study: 40 DF, 46 DWS, 13 SD and 
30 controls, Table 1. For the DF, DWS and SD groups, 32, 34 and 7 
patients, respectively, were enroled in the febrile phase.

Pasma sST2 levels were significantly increased in dengue patients 
in proportion to disease severity compared to controls in the febrile 
and critical phases.5 The AUROC for sST2 in the febrile and critical 
phases to discriminate against SD were 0.78 [95% CI (0.53–1.00)] and 
0.78 (0.62–0.96), respectively, Fig. 1. The Youden’s index to differ
entiate severe from non-severe dengue was 35.2 ng/ml, a similar 
value to the US-FDA approved cut-off of 35 ng/ml to stratify cardiac 
failure.9 The prevalence of SD in patients admitted to our hospital 
was previously reported as 16.5%.8 Using this estimate and the cut- 
off value of 35 ng/ml, the sensitivity and specificity to predict SD in 
the febrile and critical phases were 99.6% and 86.7%, and 84.6% and 
72.1%, respectively. The corresponding PPVs were 52.2% (febrile) and 
41.2% (critical), while NPVs were 99.8% (febrile) and 95.3%. In an 
affiliated primary care facility, the estimated prevalence of SD oc
currence was reported at 8.8%, discovery cohort.7 In this setting, the 
sensitivity and specificity were 85.7% and 77.3% during the febrile 
stage, and 82.6% and 71.8% in the critical phase. The PPVs were 28.6% 
(febrile) and 24.4% (critical) and the corresponding NPVs were 98.1% 
(febrile) and 97.8% (critical).

Discussion

One of the most urgent needs in dengue management is reliable 
prognostic biomarkers to identify those at risk of SD in the febrile 
phase.3,10 In our study of Asian adults with dengue, we are the first 
to demonstrate plasma sST2 to exhibit high sensitivity and specifi
city to predict the development of SD in the febrile phase.

Current practices on dengue hospitalisation are based on DWS.4

Despite being sensitive, they lack specificity. An earlier study from 
our institution reported that displaying any one of the seven 
warning signs to be 95% sensitive and 18% specific in predicting SD 
in the febrile phase. Additionally, depending on the specific 
warning sign presented, the PPV ranged from 6% to 18% with an 
overall NPV of > 90%.8 This is likely to result in over-hospitalisation 
if warning signs were the only criterion used for admission. Our 
observations suggest sST2 to be more sensitive and specific with a 
superior PPV compared to warning signs alone. Unnecessary hos
pitalisation can increase healthcare burden and costs, especially 
during an outbreak.
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Multiple studies have shown that a combination of host factors to 
be predictive of SD.10 However, most procedures require specialised 
equipment and personnel to perform, which are less cost-effective 
or time-sensitive, especially in resource-limited settings or in 
smaller patient cohorts. Of note, Presage ST2 is an US-FDA-approved 
assay used to clinically prognose acute cardiac failure, and a quan
titative lateral flow assay for sST2 is available, which may be a va
luable point-of-care assay in primary care settings to identify those 
at risk of SD.9 Together with the guidance of WHO warning signs, 
quantifying sST2 concentrations in the febrile phase may greatly 
reduce dengue hospital admissions without an increased risk of 
misdiagnosis of SD.

There are two limitations in our study. First, the study population 
was limited to older hospitalised adults and a relatively small 
number of patients enroled in the febrile phase progressed to SD.

In summary, febrile phase sST2 levels may be a reliable prog
nostic biomarker for adult SD. Further studies with cohorts from 
different geographical and age groups are needed to validate our 
findings.
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Table 1 
Baseline characteristics and disease outcomes. 

Controls 
(n = 30)

DF 
(n = 40)

DWS 
(n = 46)

SD 
(n = 13)

p valuea

Male (%) 15 (50.0) 28 (70.0) 27 (58.7) 8 (61.5) 0.32
Median age (IQR) [range], years 44 (32–59) 

[23–75]
44 (29–55) 
[18–73]

48 (35–58) 
[21–80]

63 (45–68) 
[24–83]

0.12

Acute myocardial infarction, n (%) 0 0 1 (2) 2 (15.4) 0.020
Hypertension, n (%) 4 (13.3) 9 (22.5) 13 (28.3) 9 (69.0) 0.001
Days after first reported symptoms
Median day of illness for febrile phase (IQR) N.A. 4 

(3–5)
4 
(3–5)

5 
(3–6)

0.87

Median day of illness for critical phase (IQR) N.A. 6 
(5–7)

6 
(5–7)

6 
(5.5–7)

0.28

Median day of illness for early recovery phase (IQR) N.A. 8.5 
(7–10.5)

8 
(7–8)

8 
(7–10)

0.19

Median day of illness for late recovery phase (IQR) N.A. 20.5 
(16–24.5)

17.5 
(15–21.5)

18 
(15–26)

0.10

Hospitalisation outcomes
Length of hospital stay (IQR), days N.A. 4 (3–5)b 5 (4–6) 7 (5–8) 0.010
ICU admission (%) N.A. 0 0 2 (15.4) 0.14
Inotrope use (%) N.A. 0 0 2 (15.4) 0.018

Data are presented in median (interquartile range) or no. (%) of patients, unless otherwise indicated. P values of  < 0.05 were considered significant (in bold). Abbreviations: DF, 
dengue fever; DWS, dengue with warning signs; SD, severe dengue; IQR, interquartile range.

a P values tabulated by ANOVA/Kruskal-Wallis or chi-squared test/Fisher’s exact for comparisons across groups.
b Includes 24 participants with dengue fever who were admitted during dengue illness.

Fig. 1. Area under the receiver operating curve of plasma soluble suppressor of tumorigenicity-2 (sST2) in predicting severe dengue at febrile and critical phases. (A) In the febrile 
phase. (B) In the critical phase. Nonparametric AUROC with 95% confidence interval (CI) are presented.

A. Teo, P.Y. Chia and T.W. Yeo   Journal of Infection xxx (xxxx) xxx–xxx

2



Contributors

Conceptualization of study: AT; investigation and data curation: 
AT, PYC; Formal analysis: TWY; writing original draft: TWY; edits 
and revision; AT, PYC, TWY.

All authors contributed to data interpretation, critically reviewed 
the manuscript, and approved the final manuscript for submission.

References

1. Khurram M, Ali G, Awan UA, Afzal MS. COVID-19 and alarming dengue co-epi
demics in the dilapidated healthcare system in Pakistan: where to focus!. J Infect 
2022;84(4):579–613.

2. Wilder-Smith A, Ooi EE, Horstick O, Wills B. Dengue. Lancet 2019;393(10169): 
350–63.

3. Sangkaew S, Ming D, Boonyasiri A, Honeyford K, Kalayanarooj S, Yacoub S, et al. 
Risk predictors of progression to severe disease during the febrile phase of dengue: a 
systematic review and meta-analysis. Lancet Infect Dis 2021;21(7):1014–26.

4. World Health Organization. Dengue: guidelines for diagnosis, treatment, pre
vention and control; 2009.

5. Teo A, Chia PY, Ramireddi GK, Khoo SKM, Yeo TW. Clinical and prognostic relevance 
of sST2 in adults with dengue-associated cardiac impairment and severe dengue. 
PLoS Negl Trop Dis 2022;16(10):e0010864.

6. Salgado DM, Rivera GM, Pinto WA, Rodríguez J, Acosta G, Castañeda DM, et al. 
Unique immune blood markers between severe dengue and sepsis in children. Pedia 
Infect Dis J 2023;42(9):792–800.

7. Pang J, Lindblom A, Tolfvenstam T, Thein TL, Naim AN, Ling L, et al. Discovery and 
validation of prognostic biomarker models to guide triage among adult dengue pa
tients at early infection. PLoS One 2016;11(6):e0155993.

8. Thein TL, Gan VC, Lye DC, Yung CF, Leo YS. Utilities and limitations of the World 
Health Organization 2009 warning signs for adult dengue severity. PLoS Negl Trop 
Dis 2013;7(1):e2023.

9. Kim H, Lee T-H, Hur M, Kim H-J, Yang HS, Lee KR, et al. Performance evaluation of 
AFIAS ST2 and Ichroma ST2 assays in comparison with presage ST2 assay. RCM 
2023;24(4):100.

10. Rathore AP, Farouk FS, St John AL. Risk factors and biomarkers of severe dengue. 
Curr Opin Virol 2020;43:1–8.

Andrew Teo ⁎

Lee Kong Chian School of Medicine, Nanyang Technological University, 
Singapore, Singapore

Department of Medicine, The Doherty Institute, University of 
Melbourne, Melbourne, Australia

National Centre for Infectious Diseases, Singapore, Singapore

Po Ying Chia, Tsin Wen Yeo
Lee Kong Chian School of Medicine, Nanyang Technological University, 

Singapore, Singapore
National Centre for Infectious Diseases, Singapore, Singapore

Department of Infectious Diseases, Tan Tock Seng Hospital, Singapore, 
Singapore

⁎Corresponding author at: Lee Kong Chian School of Medicine, 
Nanyang Technological University, Singapore, Singapore. 

E-mail address: andrewcc.teo@ntu.edu.sg (A. Teo).  

A. Teo, P.Y. Chia and T.W. Yeo   Journal of Infection xxx (xxxx) xxx–xxx

3

http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref1
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref1
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref1
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref2
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref2
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref3
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref3
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref3
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref4
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref4
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref4
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref5
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref5
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref5
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref6
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref6
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref6
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref7
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref7
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref7
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref8
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref8
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref8
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref9
http://refhub.elsevier.com/S0163-4453(23)00534-0/sbref9
mailto:andrewcc.teo@ntu.edu.sg

	Performance of soluble suppressor of tumorigenicity-2 as a prognostic marker for severe dengue in adults
	Background
	Materials and methods
	Results
	Discussion
	Funding
	Declaration of Competing Interest
	Acknowledgements
	Contributors
	References




