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Summary

In this study, we aim to assess the association of dengue viremia with dengue severity.

The study protocol was developed and registered in PROSPERO (CRD42016039864).

We searched nine databases to find potential papers. Studies meeting the inclusion

criteria were included. We, based our analysis on three outcomes which are disease

severity, dengue serotype and disease infection type. Thirty studies with 3316

patients were included. Our analysis revealed that viremia is significantly higher in

dengue hemorrhagic fever patients than dengue fever in days 5 to 6. Regarding the

serotype of dengue, the maximum viremia titre of serotype 1 was significantly higher

than serotype 3 and the viremia in dengue serotype 2 was significantly higher than

serotype 4 in days 2 to 4. However, comparison of the daily viremia level between the

primary and secondary dengue infection revealed that secondary infection was

Abbreviations: DENV, dengue virus; DF, dengue fever; DHF, dengue hemorrhagic fever; DSS, dengue shock syndrome; NS1, non-structural protein 1; RT-PCR, reverse transcription polymerase

chain reaction; SD, standard deviation; SMD, standardized mean difference; WHO, World Health Organization.
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significantly higher than the primary infection on seventh day and on the eighth day.

Viremia is strongly associated with disease severity and type of infection which gave

viremia a high indicative power to be used as a clinical predictor. Dengue serotype is

also associated with viral load with higher viremia in DENV-2/1.
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1 | INTRODUCTION

Dengue virus (DENV) is a flavivirus classified into four antigenically

distinct serotypes designated DENV-1 to DENV-4. It is a major

threat to global health, with at least 3 billion persons at risk of

infection and 40 million symptomatic episodes estimated to occur

annually.1 DENVs produce several syndromes that are conditioned

by age and immunological status. The lifelong immunity that

develops after infection with one of the four virus types is type-

specific and progression to more serious disease is frequently, but

not exclusively, associated with second infection by heterologous

types.2 No effective antiviral agents yet exist to treat dengue infec-

tion and the potential impact of the recently licensed vaccine has

yet to be determined.2

The pathophysiology of severe dengue disease seems to be multi-

factorial. It is known that progression to severe dengue form occurs

due to interactions from host and viral factors. Secondary infection is

observed in severe infection based on the theory of antibody depen-

dent enhancement.3-5

The role of viremia in dengue severity is controversial because it

varies according to the type of infection, primary or secondary, den-

gue serotype and even virus clearance.3,6 The literature describing the

overall relationship between plasma/serum viral burden, disease

severity and immune status generally supports the hypothesis that

there is a positive correlation between markers of viral burden in the

first 2 to 3 days of fever and the severity of clinical outcomes.7-9 Pro-

longed viremia10 and high non-structural protein 1 (NS1) antigen

levels11,12 are also considered risk factors for more severe disease in

the published literature.

Although high virus load has been reported to be associated with

dengue severity,13,14 the demonstration of a link between viral load and

disease severity in humans in the published literature remains elusive.15,16

Therefore, we conducted a systemic review to examine the association

between plasma viral RNA concentration and dengue infection severity.

2 | METHODS

This study was conducted in accordance with the recommendations of

the Preferred Reporting Items for Systematic Review and Meta-analysis

(PRISMA) statement (Table S1).17 The protocol was formulated prior to

the study and was registered at PROSPERO International prospective

register of systematic reviews (ID: CRD42016039864).

2.1 | Eligibility criteria

We included all relevant original articles describing level of dengue viral

load in relation to disease severity in humans. No restrictions in terms of

publication language, patient age (children or adult) or study design were

applied. Reports were excluded if there were one of the following exclu-

sion criteria: (a) animal or in vitro studies, (b) data duplication, overlapping

or unreliably extracted data, (c) case reports, reviews, thesis, books and

articles without available full texts, and abstract only articles (conferences,

editorials, author response, letters, comments), (d) studies that did not

specify the day of measurement of viremia level. All conflicts or disagree-

ments were resolved by discussion and consensus between authors.

2.2 | Information sources and search strategy

We conducted systematic search up to July 2015 and updated in

November 2017 using nine electronic databases including PubMed,

Scopus, ISI Web of Science, Google Scholar, WHO Global Health

Library, Virtual Health Library, POPLINE, New York Academy of Med-

icine Grey Literature Report (NYAM) and System for Information on

Grey Literature in Europe (SIGLE), with the search term: (dengue

(“viral RNA levels” OR “viral RNA level” OR “virus concentration” OR

[viral load] OR “viral loads” OR “viral titre” OR “viral titer” OR “viral

burden” OR viremia OR viremic OR viremias OR viraemia OR viraemic

OR viraemias) with limit to human in Pubmed, ISI and Scopus.

We performed a manual search to find more relevant papers via

different means. The references of eligible articles were checked to

retrieve supplementary information and records of potentially rele-

vant studies and reports. We also performed a thorough search in

finding the papers cited in included papers. Authors were contacted in

an effort to access full texts, clarification on data and for supplemen-

tary data when necessary.

2.3 | Study selection

Three independent reviewers performed initial eligibility assessment on the

retrieved titles and abstracts. Full texts of eligible articleswere retrieved and

carefully assessed for inclusion by three independent reviewers. Disagree-

ment was resolved by consensus and discussion. When necessary, discrep-

ancies were resolved by consensus with our senior authors (N.T.H.

andK.H.).
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2.4 | Data extraction

Three independent reviewers in research our team extracted relevant

data from included studies. All the disagreements and discrepancies

between the reviewers were concluded by discussion and consensus.

When consensus could not be reached after discussion, senior

authors (N.T.H. and K.H.) were consulted. As much as possible of the

following information was extracted from the eligible full text included

articles: study ID (title, author, year of publication, country of

research), year of patient recruitment, study design (cohort or case

control), data collection (prospective or retrospective), number of par-

ticipants, number of confirmed dengue patients, dengue infection

type (primary or secondary), dengue serotype pattern among partici-

pants, assignments of patients (consecutive or random), characteristics

of the populations (infant, children or adult), method of diagnosis of

dengue infection (clinical or confirmed diagnosis), classification of

dengue severity grading (WHO classification version or others), data

about duration of viremia, viral load, rate of virus clearance, peak virus

titre and maximum virus titre.

2.5 | Quality assessment of included studies

Quality assessment was carried out by three independent reviewers

using the combined criteria used by Huy et al,18 which has been

suggested by Pai et al19 and Wells et al.20 The quality of each study

was determined across nine metrics: (a) study design, (b) full descrip-

tion of characteristic of patient population (infant, children and adult),

(c) data collection (prospective or retrospective), (d) assignment of the

patient (consecutive or random), (e) inclusion criteria, (f) exclusion

criteria, (g) method quality, (h) blinded interpretation of factors and

(i) full description of dengue diagnosis (Table S2).

2.6 | Meta-analyses

Meta-analyses were performed using R 3.4.4 and Comprehensive Meta-

analysis software version 3 (Biostat, https://www.meta-analysis.com/)

when applicable. All variables were analyzed using standardized mean

difference (SMD). Estimation of missing SDs were calculated from SE or

confidence interval using the Cochrane handbook formula.9 Median and

range were used to calculate missing mean and SD using a formula rec-

ommended by Wan et al.21 For combining SDs/means for two or more

datasets, we used the formula recommended by Cochrane.9

3 | RESULTS

3.1 | Study selection

Through using nine databases, we identified 4102 potentially related

articles. After excluding duplicates and screening titles and abstracts,

we retrieved 3410 articles for full-text review. Of these, 15 articles

qualified our inclusion criteria. The updated search revealed 2554 arti-

cles with 12 included papers were added to our review. Three addi-

tional articles were identified from manual search to reach a final

30 included studies (Figure 1).

3.2 | Study characteristics

In this review, there were 24 prospective and 3 retrospective cohort,

2 cross-sectional and 1 case control studies finally included (Table S3).
3,6,7,9,15,22-47 Two studies used the 1986 World Health Organization

(WHO) dengue criteria,48 14 used the 1997 WHO criteria49 and

5 used the 2009 WHO criteria,50 while nine studies did not report

which criteria they used for dengue classification.3,15,22-28 Thai et al

divided the cases into acute primary and secondary dengue among ill-

returned travelers and they also used this classification in another

study.25,26 Furthermore, they had divided the cases based on different

dengue serotypes. In addition, five studies classified dengue mainly into

primary and secondary infection.3,15,22,27,28 Falk et al did not classify the

patients as it included retrospective cases that were used to validate uni-

versal single-probe RT-PCR Assay.51 The age of patients included in this

study ranged from infants 2.5 months up to adults 80 years. A total of

1979 patients had secondary dengue, 1164 patients had primary dengue

and 173 unidentified. According to the disease severity classification of

WHO 1997, 45 patients classified as dengue shock syndrome (DSS),

679 as dengue hemorrhagic fever (DHF) and 999 as dengue fever (DF),

while based on WHO 2009, 88 had dengue without warning sign

(DWWS), 128 dengue with warning sign and 192 severe dengue.

3.3 | Quality assessment

The quality assessment score of the included studies ranged from four

to eight. There four studies scored less than or equal to five, nine

studies with a score of six, eight with a score of eight and nine with a

score of seven (Table S4).

3.4 | Association of viral load with dengue severity

Three studies compared the daily viremia titer between DF and

DHF. DHF was higher than the dengue fever in the first 4 days,

however, it was non-significant. Starting from the fifth day and sixth

day, DHF was significantly higher than DF [SMD = −1.30, 95% CI

(−1.90; −0.69), P-value < .01] and [SMD = −0.41, 95% CI (−0.66;

−0.16), P-value < .01], respectively (Figure S1). However, from the

seventh day, the DF was higher than DHF, but this difference was

not significant.

Moreover, only one study compared DF and DHF + DSS which

implied that the DHF + DSS was higher than DF from the first to

fourth day but it was a non-significant difference. Starting from the

fifth day, DF was higher than DHF + DSS, however, it was also non-

significant (Figure S2).
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Two studies measured the mean viremia level in the first 3 days

and the next 3 days in DF and DHF + DSS. It was found that DHF

+ DSS in the first 3 days had insignificantly higher viremia level than

DF [SMD = 0.44, 95%CI (−0.12; 0.99), P-value = .122]. In the next

3 days, DHF + DSS was significantly higher than DF [SMD = 0.79,

95%CI (0.39; 1.19), P-value < .0001] (Figure 2A).

Meta-analysis implied that DHF and DSS significantly lasted for

more days than DF [SMD = 0.91, 95%CI (0.52; 1.31), P-value < .0001]

and [SMD = 1.13, 95%CI (0.74; 1.53), P-value < .0001], respectively.

Surprisingly, the rate of virus clearance did not significantly differ

between DF and DHF [SMD = 5.92, 95%CI (−3.84; 15.69), P-

value = .23] (Figure S3A).

F IGURE 1 The PRISMA flow diagram of the search process in our study. The initial search was up to 2015, then another updated search was
done in November 2017
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In the same context, the peak viremia titer was significantly

higher in more severe forms of dengue infection DF vs DHF

[SMD = 0.46, 95% CI (0.2; 0.7), P-value = .001] and DF vs DHF + DSS

[SMD = 1.74, 95% CI (0.91; 2.6), P-value < .001] (Figure S3B). In addi-

tion, the maximum viremia level was significantly higher in DHF more

than DF [SMD = 1.32, 95% CI (0.23; 2.4), P-value = .02] (Figure S3C).

For 2009 dengue classification, comparison of DWWS to dengue

with warning signs revealed that DWS had significantly higher viremia

level in the third and fifth day [SMD = −1.22, 95% CI (−1.56; −0.89),

P-value < .01], [SMD = −0.54, 95% CI (−0.87; −0.22), P-value < .01].

However, at the second and fourth day, the DWWS had a significant

high level [SMD = 2.08, 95% CI (1.71; 2.45), P-value < .01],

[SMD = 0.84, 95% CI (0.51; 1.17), P-value < .01] (Figure S4).

The comparison of severe dengue to DWWS revealed that the

viremia titer was higher in severe dengue at the third day

[SMD = −2.33, 95% CI (−2.85; −1.81), P-value < .01] (Figure 2B).

DWWS was higher than severe dengue in the fourth day [SMD = 1.12,

95% CI (0.69; 1.56), P-value < .01] (Figure S5).

Two studies considered day 0 as the defervescence day33-35;

comparison between DF and DHF at day 1 did not imply any signifi-

cant difference (Figure S6).

For other days, Wang et al was the only study compared the vire-

mia level for each day; they found there was no significant difference

between DF and DHF at day 2 and from day 1 to day 3.

3.4.1 | Relationship between the dengue infection
type and viremia level

A comparison of the daily viremia level between the primary and sec-

ondary dengue infection revealed that there was no significant differ-

ence in the viremia level in the first 6 days of fever (Figure S7).

However, starting from the seventh day, the secondary dengue

infection was significantly higher than the primary infection [seventh

day, SMD = 11.20, 95% CI (10.02; 12.38), P-value < .01/eighth day,

SMD = 5.22, 95% CI (4.39; 6.04), P-value < .01)] (Figure 3).

Moreover, there was no significant difference in peak viremia titer

[SMD = −0.10, 95% CI (−0.48; 0.29), P-value = .22], but, in general, the pri-

mary infection had higher peak than the secondary infection (Figure S8A).

The maximum viremia titer was significantly higher in primary infection

more than the secondary infection [SMD = 0.62, 95% CI (−0.54; 1.78),

P-value < .01] between the primary and secondary infection (Figure S8B).

F IGURE 2 The standardized mean difference of viremia between dengue severity groups according to the 1997 WHO classification (A) and
the 2009 WHO classification (B). * indicates significant difference. DWWS, dengue without warning signs; DF, dengue fever; DHF, dengue
hemorrhagic fever
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Viremia level measured after 3 days of fever was significantly

higher in secondary infection than primary infection [SMD = −2.13,

95% CI (−3.27; −1), P-value < .01] (Figure S8C).

There was no significant difference between primary and second-

ary infection regarding the duration of viremia [SMD = 0.65, 95% CI

(−0.02; 1.33), P-value = .057] (Figure S9A). The rate of viral clearance

was significantly higher in primary infection than secondary infection

[SMD = 0.61, 95% CI (0.05; 1.16), P-value = .03] (Figure S9B).

3.4.2 | Relationship between dengue serotype and
viremia level

Four studies measured the daily viremia level of serotype 1, serotype

2, serotype 3 and serotype 4. Random effect model meta-analysis

comparing the daily viremia level between serotype 1 and serotype

2, serotype 3 and serotype 4 implied that the serotype 1 had signifi-

cantly higher viremia titre on second and third day vs the serotype

2, serotype 3 and serotype 4 (Figure S10).

Moreover, serotype 1 was significantly higher than serotype 2 on

the fourth, fifth, seventh day and serotype 3 on the fifth, sixth, eighth

day (Figure 4). Comparison between serotype 2 and serotype 4 daily

viremia level had revealed that the serotype 2 viremia was higher than

serotype 4 on the first, second, fourth and sixth day (Figure S11).

Only one study had reported the duration of viremia; comparison

between serotype 1 and other reported serotypes revealed that it had a

significantly longer duration than serotype 2 and serotype 3 [SMD = 1.49,

95%CI (0.95; 2.02)] and [SMD = 4.96, 95%CI (4.12; 5.80)]. Serotype

4 had a longer duration than serotype 3 and serotype 2 (Figure S12).

Six studies had reported maximum viremia titre in each serotype

while only four studies had reported the peak viremia titre. The

highest pooled maximum viremia was serotype 1 [mean = 8, 95% CI

F IGURE 3 The random effect
model meta-analysis of the difference
between primary and secondary

F IGURE 4 The standardized
mean difference of the daily viremia
level between serotype 1, serotype
2, serotype 3 and serotype 4; the
more negative the value the higher
the difference between different
serotypes. * indicates P-value less
than .05
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(7.09; 8.910] followed by serotype 3 [mean = 7.47, 95% CI (7.87;

8.07] followed by serotype 2 [mean = 7.29, 95% CI (7.21; 7.38].

Comparison of maximum viremia titre between serotypes implied

that only serotype 1 was significantly higher than serotype

3 [SMD = −0.56, 95%CI (−0.90; −0.21), P < .001] (Figure S13A).

For the peak viremia titre, serotype 1 had the highest peak vire-

mia titre followed by serotype 2 followed by serotype 3. Subgroup

analysis did not show any significant difference between the sero-

types (Figure S13B).

4 | DISCUSSION

We reviewed the relationship between dengue viremia and disease

severity. Dengue severity was correlated with viremia duration and

clearance rate. Also, dengue viremia appears to be affected by dengue

serotype and type of infection.

Our analysis revealed that the viremia level was higher in DHF

more than DF, but the difference was significant at the fifth and sixth

days. The peak and maximum viremia titer were significantly higher in

those patients with DHF and DSS than DF patients. For the type of

infection, secondary dengue infection had a significantly higher vire-

mia level than primary infection on the seventh and eighth day.

Our results showed among the included studies, four articles

reported that the initial 8 days following dengue fever was pivotal in

regard to assessing viral load and severity of disease. The surge in level

of dengue virus in blood after day 3 has significant correlation with

patient developing DHF/DSS.7,8,31 Cases who have dengue fever in the

mild form are likely to have a lower viral load when compared with cases

of DHF/DSS after day 4 of fever. Further elaborating viremia kinetics,

DHF patients have a more extended duration of viremia in comparison

to dengue fever which evidently is one of the factors behind severity of

disease.27,32,52 Higher peak viral titre was found in patients diagnosed

with DHF compared to DF; this association between viremia and disease

severity can be explained by antibody dependent enhancement in which

the effect of high viremia leads to augmented immune antibody response

which may lead to plasma leakage.53,54 Also, the high viral load leads to

more T cell activation and cytokine release along with complement acti-

vation and immune complex formation.55 This will lead finally to the

development of DHF. Similarly, according to WHO criteria 2009,50 Kyaw

et al reported that DWS had a significantly higher viremia level in the

third and fifth day. However, on the second and fourth day, the DWWS

had a significantly high level. In addition to this, viremia titer in severe

dengue cases was higher than DWWS on the third day DWWS was

higher than severe dengue on the fourth day. Further studies exploring

these differences may accurately specify the day of viremia.

Three studies conducted in Taiwan, Thailand and Vietnam

assessed the rate of viral clearance from body in dengue

patients.31,33,52 Meta-analysis showed no significant difference in the

rate of viral clearance in patients with DF and DHF. In Thai children,

Vaughn and others showed that the slope of the descending portion

of the viremia curve was steeper for patients with secondary infection

vs those with primary infection and viremia decreased more quickly

for patients with DHF than for patients with DF at defervescence.28

The accelerated clearance of viremia in secondary infection most

likely reflects the contribution of humoral and cellular-mediated

immune responses, which themselves have been involved in the path-

ogenesis of capillary leakage. Conversely, however, Wang et al52

suggested clearance of the virus and virus-containing immune com-

plexes was slower in adult DHF patients, which may be explained by

higher viremia in DHF and T cell dysfunction.10,56,57

This analysis also demonstrated a correlation between types of dengue

infection and viremia. Viremia level measured after 3 days of fever was sig-

nificantly higher in secondary infection than primary infection and starting

from the seventh day, the secondary dengue infection was significantly

higher than primary infection. Generally, primary infection had a higher peak

than secondary infection and the maximum viremia titer was significantly

higher in primary infection than secondary infection.3,33 Plausibly, the logic

behind this is that primed patients have enhanced immune response and

more severe disease. Also, secondary infection had a higher duration of

viremia than primary infection but with no statistical significance.27,32,34

Data are also suggestive of quantitative distinction among dengue

serotypes with respect to viremia kinetics. DENV 1 infected patients

have a larger change in viremia than DENV 2 or DENV 3 infected

ones whereas the clinically significant difference in magnitude of vire-

mia was observed in DENV 2 and DENV 4 infected patients at day

2 to day 4 of fever. DENV 2 viral load was greater than DENV 4 as

evidently showed by meta-analyzed data. This can be explained with

the increase in nitric oxide NO levels in DENV-2 which is a potent

vasodilator resulting in plasma leakage.35,58 This would lead to higher

severity which is associated with higher viremia. Also, DENV-2 has

higher replication power than other serotypes.

Our review included five studies reporting use of NS1 antigen level

from different studied population for example, adult, children.3,15,16,36,37

Although few studies have suggested correlation between disease sever-

ity and NS1 levels but kinetics of viremia and antigenemia was variable

among patients on illness days between second and fourth in both pri-

mary and secondary infection reported in previous research.59 In a large

multi-country study conducted by Guzman et al. no association reported

between NS1 detection and disease severity.60 Besides, majority studies

conducted on hospitalized patients along with semi-quantitative method

to measure NS1 level further subjected to selection and measurement

bias. Therefore, to reflect the absolute magnitude of NS1 level, viremia

dynamics and disease severity formal prospective assessment across

diverse healthcare settings adopting quantitative measurement necessi-

tates further studies.

Accordingly, we need to be guarded while interpreting the association

of magnitude of viremia with dengue serotypes as levels of viremia, when

comparing these serotypes, did not level up at day eighth of fever. The

pooling of data manifested no variable peak viremia among dengue sero-

types. DENV 1 only showed significantly maximum viral titer in comparison

to DENV 3 whereas the rest of serotypes viral titer was comparable.3,31

The mechanism which leads to higher viral titer in DENV 1 still needs to be

probed.

One limitation is that our study is restricted to a small number of

papers with a small sample size. Also, papers used different dengue
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classifications and different outcome measures resulting heterogene-

ity in the extracted data. Therefore, result from the sub-group analysis

needs to be interpreted with caution. As our review focused specifi-

cally to viremia kinetics to show its relationship with dengue disease

severity, hence concomitant interaction with NS1 level data for diag-

nostic and/or prognostic evaluation could not be explored further.

5 | CONCLUSION

Duration of viremia, peak viremia and viral load is higher in more

severe types of dengue. This gives viremia high indicative power to be

used as a clinical predictor for dengue disease. Dengue serotype

strongly impacts dengue viremia with higher viremia in DENV-2/1.

Type of infection still needs much more to be proved as associative to

dengue viremia and dengue severity subsequently.
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SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.
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