Supplementary Appendix
A. Introduction 
Supplementary Table 1: WHO dengue disease severity classifications
	1997 [1]
	2009  [2]
	2025 [3]

	Dengue Fever 
Given the variability in the clinical illness associated with dengue infection, it is not appropriate to adopt a detailed clinical definition of dengue fever. Rather, the need for laboratory confirmation is emphasized. 
	Probable 
	An acute febrile illness with two or more of the following manifestations:  
— headache  
— retro-orbital pain  
— myalgia  
— arthralgia  
— rash  
— haemorrhagic manifestations  
— leukopenia; and  
— supportive serology (a reciprocal haemagglutination-inhibition antibody titre ≥1280, a comparable IgG enzyme-linked immunosorbent assay (ELISA) titre or a positive IgM antibody test on a late acute or convalescent-phase serum specimen); or  
— occurrence at the same location and time as other confirmed cases of dengue fever. 
	Non-severe Dengue 
 
	Probable  
Live in / travel to dengue endemic area. Fever and two of the following criteria:  
· Nausea, vomiting  
· Rash  
· Aches and pains  
· Tourniquet test positive  
· Leukopenia  
  
Confirmed 
Laboratory-confirmed (important when no sign of plasma leakage) 
 
	Non-severe Dengue 
 
 
	No features of severe dengue and suitable for outpatient management 
 

	
	Confirmed 
	A case confirmed by laboratory criteria: 
—Isolation of the dengue virus from serum or autopsy samples; or  
—Demonstration of a fourfold or greater change in reciprocal IgG or IgM antibody titres to one or more dengue virus antigens in paired serum samples; or  
—Demonstration of dengue virus antigen in autopsy tissue, serum or cerebrospinal fluid samples by immunohistochemistry, immunofluorescence or ELISA; or  
—Detection of dengue virus genomic sequences in autopsy tissue serum or cerebrospinal fluid samples by polymerase chain reaction (PCR). 
	
	
	
	

	Dengue Haemorrhagic Fever (DHF) 
All of the following must be present: 
• Fever, or history of acute fever, lasting 2–7 days, occasionally biphasic.  
• Haemorrhagic tendencies, evidenced by at least one of the following:  
— a positive tourniquet test  
—petechiae, ecchymoses or purpura  
— bleeding from the mucosa, gastrointestinal tract, injection sites or other locations  
— haematemesis or melaena.  
• Thrombocytopenia (≤100,000 cells/mm3) 
• Evidence of plasma leakage due to increased vascular permeability, manifested by at least one of:  
— a rise in the haematocrit ≥20% above average for age, sex and population; 
— a drop in haematocrit following volume-replacement treatment of ≥20% of baseline;  
— signs of plasma leakage such as pleural effusion, ascites, and hypoproteinaemia 
	DHF Grade 1 
	Fever accompanied by non-specific constitutional symptoms; the only haemorrhagic manifestation is a positive tourniquet test and/or easy bruising 
	Non-severe Dengue with Warning Signs 
 
	Warning Signs 
Clinical: 
· Abdominal pain or tenderness  
· Persistent vomiting    
· Clinical fluid accumulation 
· Mucosal bleed    
· Lethargy, restlessness 
· Liver enlargement >2cm 
 
Laboratory: 
Increase in haematocrit concurrent with rapid decrease in platelet count 
	Severe Dengue 
 
	Requiring inpatient management of warning signs and other complications 
 
Dengue with Warning Signs  
—abdominal pain: progressive until it is continuous or sustained and intense, and at the end of the febrile stage 
—sensory disorder: irritability, drowsiness, and lethargy  
—mucosal bleeding: bleeding gums, epistaxis, vaginal bleeding not associated with menstruation or more menstrual bleeding than usual and haematuria  
—hepatomegaly: more than 2 cm below the costal margin and abrupt onset   
—vomiting: persistent (three or more episodes in one hour or four episodes in six hours)  
—progressive increase in haematocrit: on at least two consecutive measurements during patient monitoring.  
 
Severe Dengue (WHO 2009) [2] 
 
Other Factors 
—oral intolerance  
—difficulty breathing   
—narrowing pulse pressure 
—arterial hypotension  
—acute renal failure   
—prolonged capillary refill time 
—pregnancy   
—coagulopathy  
 
In addition, clinicians in some settings may elect to admit to hospital those patients with other risk factors, such patients at the extremes of age (elderly, neonates) and those with underlying medical conditions at high risk for adverse disease outcomes. 

	
	DHF Grade 2 
	Spontaneous bleeding in addition to the manifestations of Grade 1 patients, usually in the forms of skin or other haemorrhages. 
	
	 
	
	

	DHF with Dengue Shock Syndrome (DSS) 
All of the above four criteria for DHF must be present, plus evidence of circulatory failure manifested by:  
• Rapid and weak pulse, and 
• Narrow pulse pressure (≤20 mmHg) 
Or:  
• Hypotension for age, and  
• Cold, clammy skin and restlessness. 
	DHF Grade 3 
	Circulatory failure manifested by a rapid, weak pulse and narrowing of pulse pressure or hypotension, with the presence of cold, clammy skin and restlessness. 
	Severe Dengue 
 
	Defined by one or more of the following:  
(i) plasma leakage (high or progressively rising haematocrit) that may lead to shock (tachycardia, cold and clammy extremities, capillary refill time greater than three seconds, weak or undetectable pulse, narrow pulse pressure ≤20mmHg or, in late shock, unrecordable blood pressure) and/or fluid accumulation (pleural effusions or ascites), with or without respiratory distress, and/or  
(ii) severe bleeding, and/or  
(iii) severe organ impairment (acute liver failure, acute renal failure, encephalopathy or encephalitis or altered level of consciousness, cardiomyopathy) or other unusual manifestations 
	
	

	
	DHF Grade 4 
	Profound shock with undetectable blood pressure or pulse. 
	
	
	
	



B. Methods
i. Search Strategy
The search strategies used keywords and thesaurus headings, where available, to search sensitively for relevant references on dengue and viraemia. 

Ovid MEDLINE 
1946 to present 
1 	exp Dengue/ 		17722 
2 	Dengue Virus/ 	11778 
3 	(Dengue or DENV).ti,ab,kf. 	32056 
4 	1 or 2 or 3 	33103 
5 	Viral Load/ 	41314 
6 	Viremia/ 	10361 
7 	("Viral Load*" or "virus concentration*" or "viral titer*" or "viral titre*" or "virus 	titre*" or "virus titer*" or "viral RNA" or "RNA load*" or "RNA levels" or "viral 	kinetics" or "viral dynamics" or "viral replication" or "viral burden*" or Viremia* or 	viraemia* or viremic or viraemic).ti,ab,kf. 	134337 
8 	5 or 6 or 7 	151963 
9 	4 and 8 	3088 
10 	limit 9 to yr="2017 -Current" 	1618 

Ovid Embase 
1974 to present 
1 	exp dengue/ 	33241 
2 	exp Dengue virus/ 	19980 
3 	(Dengue or DENV).ti,ab. 	40168 
4 	1 or 2 or 3 	47544 
5 	exp virus load/ 	125765 
6 	viremia/ 	30878 
7 	("Viral Load*" or "virus concentration*" or "viral titer*" or "viral titre*" or "virus 	titre*" or "virus titer*" or "viral RNA" or "RNA load*" or "RNA levels" or "viral 	kinetics" or "viral dynamics" or "viral replication" or "viral burden*" or Viremia* or 	viraemia* or viremic or viraemic).ti,ab. 	182258 
8 	5 or 6 or 7 	238415 
9 	4 and 8 	5125 
10 	limit 9 to yr="2017 -Current" 	2922 

Scopus 
( ( TITLE ( dengue OR denv ) OR ABS ( dengue OR denv ) ) ) AND ( ( TITLE ( "Viral Load*" OR "virus concentration*" OR "viral titer*" OR "viral titre*" OR "virus titre*" OR "virus titer*" OR "viral RNA" OR "RNA load*" OR "RNA levels" OR "viral kinetics" OR "viral dynamics" OR "viral replication" OR "viral burden*" OR viremia* OR viraemia* OR viremic OR viraemic ) OR ABS ( "Viral Load*" OR "virus concentration*" OR "viral titer*" OR "viral titre*" OR "virus titre*" OR "virus titer*" OR "viral RNA" OR "RNA load*" OR "RNA levels" OR "viral kinetics" OR "viral dynamics" OR "viral replication" OR "viral burden*" OR viremia* OR viraemia* OR viremic OR viraemic ) ) ) AND PUBYEAR > 2016 AND PUBYEAR < 2026 

Web of Science Core Collection 
#1 	Dengue or DENV (Title) or Dengue or DENV (Abstract) 
#2 	"Viral Load*" or "virus concentration*" or "viral titer*" or "viral titre*" or "virus 		titre*" or "virus titer*" or "viral RNA" or "RNA load*" or "RNA levels" or "viral 		kinetics" or "viral dynamics" or "viral replication" or "viral burden*" or Viremia* or 	viraemia* or viremic or viraemic (Title) or "Viral Load*" or "virus concentration*" or 	"viral titer*" or "viral titre*" or "virus titre*" or "virus titer*" or "viral RNA" or "RNA 	load*" or "RNA levels" or "viral kinetics" or "viral dynamics" or "viral replication" or 	"viral burden*" or Viremia* or viraemia* or viremic or viraemic (Abstract) 
#3 	#2 AND #1 and 2025 or 2024 or 2023 or 2022 or 2021 or 2020 or 2019 or 2018 or 
2017 (Publication Years)

ii. Data Extraction
Age
For studies that reported continuous outcomes as medians alongside ranges (minimum to maximum) or interquartile ranges (IQR) instead of means and standard deviations (SD), we estimated the missing sample means and SDs respectively using the validated formulas proposed by Luo et al. and Wan et al. [4,5]. If a study provided both range and IQR, the IQR-based estimation was preferred due to its higher accuracy in larger sample sizes. These estimates were used for the descriptive presentation in Table 2.

iii. Risk of Bias Assessment
Newcastle-Ottawa Scale (NOS):
Studies scoring 8-9 stars were considered high quality, 6-7 stars as moderate quality and ≤5 stars as low quality. Viraemia was considered the exposure and disease severity the outcome. Although many studies reported viraemia levels by severity group (e.g. DF vs DHF), these were interpreted as comparisons of differing levels of viraemia (exposure) within a single cohort. Studies derived from randomised controlled trials that examined associations between viraemia and disease severity independent of treatment allocation without expected intervention influence were treated as observational cohort analyses and assessed using the NOS.
 
Cohorts were considered representative if they included consecutive or unselected patients with confirmed dengue within a defined clinical or community population. Studies restricted to specific age groups (e.g. paediatric or adult populations) were not considered to introduce selection bias where they reflected typical clinical populations. A star was awarded where severity groups were derived from the same study population. Ascertainment of exposure was considered adequate where viraemia was measured using laboratory-based methods (e.g. RT-PCR). A star was awarded where studies enrolled patients prior to the development of severe disease, indicating that the outcome was not present at baseline. 
 
The most important confounder was defined as illness day at sampling, given the temporal variation in viraemia. Additional confounders included patient age, patient immune status, and dengue virus serotype. One star was awarded for where illness day was accounted for in study analysis. A second star was awarded where analysis accounted for at least one other confounder. 
 
Outcome assessment was considered adequate where disease severity was defined using standardised clinical criteria (e.g. WHO classification). Follow-up was considered sufficient if patients were followed to at least illness day 7 or until the occurrence of severe outcomes. Adequate follow-up was defined as complete follow-up or minimal loss to follow-up unlikely to introduce bias.

Risk of Bias 2 (RoB 2):
RoB 2 assessments were conducted according to the original trial design, focusing on bias in the measurement and analysis of clinical outcomes, particularly disease severity. This tool evaluates five domains: (1) bias arising from the randomisation process, (2) bias due to deviations from intended interventions, (3) bias due to missing outcome data, (4) bias in measurement of the outcome and (5) bias in selection of the reported result. Each domain was judged as “low risk of bias”, “some concerns”, or “high risk of bias” based on signalling questions and an overall risk of bias judgement was assigned.

C. Results
i. Risk of Bias Assessment
Cohort Studies
All cohort studies were judged to have adequate ascertainment of exposure, as viraemia was consistently measured using laboratory-based methods such as RT-PCR (Supplementary Table 1). Similarly, outcome assessment was considered robust, with disease severity defined using standardised clinical criteria based on WHO classifications. Most studies also demonstrated adequate follow-up duration and completeness to capture relevant clinical outcomes.

However, several important methodological limitations were identified (Supplementary Table 1). A key limitation across multiple studies was failing to demonstrate that viraemia was measured prior to the development of severe disease, as sampling often occurred during the critical phase of illness [6–12]. In contrast, three studies clearly established early or longitudinal sampling [13–15]. A subset of studies accounted for illness day at sampling, and only two studies [13,15] also accounted for additional host or viral confounders. The extent of adjustment differed, with Matangkasombut et al. using generalised linear modelling [13], whereas Vuong et al. adjusted for a broader range of potential confounders analyses [15]. The low quality rating of Arragain et al. was primarily due to the absence of a clear comparison between severity classifications, lack of evidence that outcomes were not present at baseline, and no adjustment for key confounders, substantially limiting the interpretability of its findings [6].

Supplementary Table 2: Quality assessment of cohort studies using the Newcastle-Ottawa Scale (NOS)
	Author (Year)
	Selection (4)
	Comparability (2)
	Outcome (3)
	Score (9)
	Quality

	Arragain (2016) [6]
	**
	 
	***
	5
	Low

	Bhatt (2024) [7]
	***
	*
	***
	7
	Moderate

	Matangkasombut (2020) [13]
	****
	**
	***
	9
	High

	Murgue (2000) [8]
	***
	*
	***
	7
	Moderate

	Nainggolan (2023) [14]
	****
	*
	***
	8
	High

	Singla (2016) [9]
	***
	*
	***
	7
	Moderate

	Tricou (2011) [10]
	***
	*
	***
	7
	Moderate

	Vuong (2024) [15]
	****
	**
	***
	9
	High

	Wang (2006) [11]
	***
	*
	***
	7
	Moderate

	Wijesinghe (2020) [12]
	***
	*
	***
	7
	Moderate



Randomised Controlled Trial
Suputtamongkol et al. was a double-blind, placebo-controlled RCT [16]. The randomisation process, deviations from intended interventions, missing outcome data and measurement of outcomes were all judged as low risk of bias (Supplementary Table 2). However, selection of the reported result raised some concerns, as multiple virological endpoints and analyses were used without a clearly accessible pre-specified analysis plan. Overall, this study was judged to have some concerns for risk of bias. 

Supplementary Table 3: Risk of bias assessment of randomised controlled trials using the Cochrane Risk of Bias 2 tool
	Author (Year)
	Randomisation Process
	Deviations from Intended Interventions
	Missing Outcome Data
	Measurement of the Outcome
	Selection of the Reported Result
	Overall Bias

	Suputtamongkol (2021) [16]
	Low
	Low
	Low
	Low
	Some concerns
	Some concerns



ii. Certainty of Evidence
The certainty of evidence was assessed using the GRADE framework and was initially rated as low due to the predominantly observational nature of the included studies. The evidence was downgraded for risk of bias, inconsistency, and indirectness. This reflected limitations in control of confounding, variation in sample timings, mixed findings across studies, and heterogeneity in severity definitions. The evidence was also downgraded for imprecision due to uncertainty in the magnitude of effect, as effect estimates were not consistently reported or comparable across studies. Publication bias could not be formally assessed because of the small number of included studies and substantial methodological heterogeneity. Overall, the certainty of evidence was judged to be very low, indicating that confidence in the association between dengue viraemia and severe disease is limited.
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