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Abstract 1 

Background: Infection with dengue virus (DENV) produces a wide spectrum of clinical illness 2 

ranging from asymptomatic infection to mild febrile illness, and to severe forms of the 3 

disease. Type I interferons (IFNs) represent an initial and essential host defense response 4 

against viruses. DENV has been reported to trigger a robust type I IFN response; however, 5 

IFN-α/β profile in the progression of disease is not well characterized. 6 

Objectives and study design: In this context, we conducted a retrospective study assessing 7 

the circulating serum levels of type I IFNs and related cytokines at different phases of illness 8 

in children during the 2011 outbreak of DENV in Paraguay. Demographic, clinical, laboratory 9 

and virological data were analyzed. 10 

Results: During defervescence, significantly higher levels of IFN-β, IL-6 and MIP-1β, were 11 

detected in severe vs. non-severe dengue patients. Additionally, a significant positive 12 

correlation between INF-α and viremia was detected in children with severe dengue. 13 

Significant positive correlations were also observed between IFN-β serum levels and 14 

hematocrit/hemoglobin during the febrile phase, whereas IFN-α levels negatively correlated 15 

with white blood cells during defervescence in severe dengue patients. Furthermore, 16 

previous serologic status of patients to DENV did not influence type I IFN production. 17 

Conclusions: The distinct type I IFN profile in children with dengue and severe dengue, as 18 

well as its association with viral load, cytokine production and laboratory manifestations 19 

indicate differences in innate and adaptive immune responses that should be investigated 20 

further in order to unveil the association of immunological and physiological pathways that 21 

underlie in DENV infection. 22 
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1. Background 28 

Dengue is the most rapidly spreading mosquito-borne viral disease worldwide. It is 29 

caused by any of the four dengue virus (DENV) serotypes which are transmitted to humans 30 

by the bite of Aedes spp. mosquitoes [1, 2]. Infection with DENV can remain asymptomatic or 31 

cause a spectrum of clinical manifestations of varying severity, ranging from mild fever, 32 

formerly known as dengue fever (DF), to a potentially life-threatening disease, characterized 33 

by plasma leakage and hemorrhage (dengue hemorrhagic fever [DHF]) leading to 34 

hypovolemic shock [3]. In 2009 the World Health Organization proposed a new classification 35 

of the disease, which includes dengue with and without warning signs and severe dengue, in 36 

order to improve triage and clinical management [4].  37 

Patients with severe dengue manifestations have been reported to present a 38 

“cytokine storm” with high levels of circulating cytokines and chemokines [5]. Elevated levels 39 

of various cytokines, including  interleukins (IL) associated with inflammation and Th2 bias, 40 

interferon (IFN)-γ, tumor necrosis factor (TNF)-α, macrophage migration inhibitory factor 41 

(MIF) and several chemokines, such as monocyte chemoattractant protein (MCP-1), 42 

macrophage inflammatory protein (MIP-1β), RANTES and IP-10 have been reported in 43 

patients with severe dengue disease when compared to non-severe cases [6-11]. The 44 

imbalance between pro-inflammatory and anti-inflammatory cytokines is thought to induce 45 

the malfunction of endothelial cells which consequently leads to plasma leakage in patients 46 

with severe dengue disease [12]. The proposed secreted markers of dengue disease 47 

progression or severity and their association with viremia are unclear and reports describe 48 

contradictory results [8, 13-17]. 49 

Type I interferons (IFN-α/β) are often secreted very early after viral infection and 50 

provide the first-line of defense against viruses by the induction of an antiviral state in 51 

uninfected cells [18, 19]. DENV has been reported to trigger a robust IFN-α/β response, and 52 

DENV nonstructural proteins have been found to down-regulate the IFN pathway in humans, 53 

inhibiting IFN-regulated gene expression [20-23]. 54 
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 55 

2. Objectives 56 

In the current study, we aimed to evaluate the association of type I IFNs and a 57 

selective number of related cytokines with dengue disease severity, viremia and clinical 58 

/laboratory parameters in children in Asunción, Paraguay, to understand the interplay of 59 

immune mediators involved in severe dengue pathogenesis. 60 

 61 

3. Study design 62 

3.1. Study population 63 

Seventy-seven children under 15 years of age were admitted to the Institute of 64 

Tropical Medicine (ITM) in Asuncion, Paraguay, with laboratory-confirmed dengue during a 65 

2011 DENV-1 and DENV-2 outbreak and were included in this study.  66 

Demographic and clinical data were recorded on standardized case report forms 67 

during hospitalization. Blood samples were collected during the febrile phase (2-7 days) or 68 

defervescence (8-11 days) for hematological and biochemical laboratory tests, serological 69 

and/or virological DENV infection, and cytokine determinations. 70 

 71 

3.2. Ethics statement 72 

The protocol for this study was approved by the Institutional Review Board of the ITM. 73 

Parents or legal guardians of all subjects provided written informed consent, and subjects 8 74 

years of age and older provided assent. The confidentiality of patients was conserved for 75 

data analysis. This study is consistent with the principles outlined in the Declaration of 76 

Helsinki. 77 

 78 

3.3. Sera isolation and identification of DENV positive patients 79 

Sera were collected by centrifugation of blood-containing tubes at 1500 rpm for 10 80 

minutes and the serum samples were stored at -80°C until further use. DENV infection was 81 
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confirmed by one or more of the following methods: (i) reverse transcription polymerase 82 

chain reaction (RT-PCR) amplification of viral RNA [24] (ii) DENV NS1 antigen determination 83 

by immunocromatography (BioeasyTM, Standard Diagnostics INC, Korea), (iii) the presence 84 

of IgM and/or IgG by ELISA (SD Dengue IgM and IgG Capture ELISA, Standard Diagnostics 85 

INC, Korea) in paired acute and convalescent-phase serum samples, as previously 86 

described [25]. The PanBio Dengue IgG Capture ELISA was used for the determination of 87 

pre-existing immunity to DENV, according to the manufacturer´s instructions. 88 

 89 

3.4. Viremia quantification 90 

RNA was extracted from serum samples during the febrile phase using QIAamp Viral 91 

RNA Minikit (QIAGEN). The amount of viral RNA in serum was quantified by using 92 

StepOnePlus Real-Time PCR System (Applied Biosystems) employing TaqMan technology 93 

[26]. Standard curves were generated using 10-fold serial dilutions of viral RNA obtained 94 

from purified DENV-1 or DENV-2 suspensions. 95 

 96 

3.5. Cytokine quantification 97 

Type I IFNs were determined in serum samples from the febrile phase and 98 

defervescence using VerikineTM Human IFN Alpha and Beta ELISA Kits (Pestka Biomedical 99 

Laboratories Inc., Piscataway, NJ, USA) following the manufacturer´s instructions. Additional 100 

cytokines were assayed in serum samples using Bio-Plex ProTM Human Cytokine 17-plex 101 

Assay (Bio-Rad Laboratories Inc., Hercules, CA, USA). Measurements were performed using 102 

the Bio-Plex MAGPIX Multiplex Reader (Bio-Rad Laboratories, Hercules, CA, USA) following 103 

the manufacturer´s instructions. 104 

 105 

3.6. Statistical analysis 106 

Data were analyzed using the chi square test for categorical variables and the non-107 

parametric Mann-Whitney test for continuous variables. Univariate logistic regression 108 

analyses were performed to investigate the association of relevant independent variables 109 
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with the outcomes (dengue vs. severe dengue) and odds ratios were calculated where 110 

appropriate. The correlation between cytokine levels and laboratory parameters was 111 

performed calculating the Spearman correlation coefficient, rs (ranging from -1 to 1). A p 112 

value <0.05 was considered significant for all the tests performed. Statistical analyses were 113 

performed using  Stata/SE 13.0 for Windows (StataCorp LP, College Station, TX, USA). 114 

 115 

4. Results 116 

4.1. Characteristics of the study population 117 

Of the 77 children under the age of 15 years who were admitted to the ITM with 118 

laboratory-confirmed dengue during a 2011 DENV outbreak in Paraguay, 16 children 119 

(20.8%) presented dengue illness (DI) and 61 children (79.2%) presented severe dengue 120 

(SD), according to the WHO 2009 guidelines (Table 1). The laboratory diagnostic tests 121 

performed are shown in Table S1. Patients with DI included children with (n=14) and without 122 

(n=2) warning signs. The demographics and clinical characteristics of children with DI or SD 123 

are summarized in Table 1. The mean age of patients was similar between both groups. In 124 

addition, no significant differences were identified in sex distribution and weight between 125 

groups. Patients were admitted at 3.8±1.7 and 3.5±1.8 days after the onset of symptoms for 126 

DI and SD patients, respectively. The duration of hospitalization was significantly higher in 127 

SD compared to DI children and eight patients were admitted to the intensive care unit.  128 

Twenty-five patients presented clinical complications, including hepatitis, polyserositis 129 

and miocarditis (Table 1). Comorbidities were detected in both DI and SD groups, and 130 

included being overweight or having choledochian syndrome, recurrent wheezing or 131 

convulsions (Table 1). One death was reported in the SD group. 132 

The most frequent clinical manifestations among DI and SD patients were fever, 133 

myalgia and arthralgia, headache, vomiting and abdominal pain (Table 2). In addition, SD 134 

children developed a variety of other symptoms, including hypotension, encephalitis, ascites, 135 

pleural effusion, gallbladder wall thickening and pericardial effusion (Table 2). The duration of 136 
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hospitalization was significantly associated with SD (OR 1.446, 95% CI 1.047-1.999; p = 137 

0.025). 138 

  SD patients exhibited significantly lower albumin in blood and prolonged APTT 139 

compared to DI patients (Table 3).  All SD and DI patients with warning signs required 140 

intravenous fluid therapy while hospitalized, while a small proportion of patients received 141 

platelet transfusions, mechanical ventilation, inotropic therapy and antibiotics. 142 

 143 

4.2. Analysis of pre-existing immunity to DENV in the study population 144 

When previous exposure to DENV was analyzed in the study population, we found 145 

that 25 and 48 patients had primary and secondary DENV infections, respectively. 146 

Interestingly, no significant differences in dengue severity were observed between these two 147 

groups of patients (Table 4). Demographic and clinical characteristic comparisons as well as 148 

the laboratory profile of both groups of patients are shown in Tables S2-S4. The analysis of 149 

19 different types of cytokines, including inflammatory-, Th- and macrophage related- 150 

cytokines, chemokines and interferons in serum samples from patients did not show 151 

significant differences between patients with primary and secondary infections, with the 152 

exception of a significant increase in IL-β levels and a trend towards augmented IL-6 and IL-153 

8 levels in patients with secondary infections, suggesting a moderately enhanced 154 

inflammatory response in this group of children (Table S5). Due to the minimal differences in 155 

inflammatory profile in patients with primary and secondary infections, we then studied the 156 

cytokine profile and a possible association of antiviral mediators –type I IFN– and related 157 

cytokines in terms of dengue disease severity. 158 

 159 

4.3. Type I IFN levels in DI vs. SD patients at different phases of illness 160 

DENV infection has been reported to induce a type I IFN response in patients. 161 

However, the regulation of this response during dengue illness and the association with 162 

disease severity are not well characterized [15, 16, 27, 28]. To investigate the progression of 163 

type I IFNs in DI and SD patients, we determined IFN-α and IFN-β levels in serum samples 164 



7 
 

of patients during the febrile phase and defervescence. Significantly higher levels of IFN-β 165 

were detected in SD patients compared to DI patients during defervescence (Fig. 1b), while 166 

IFN- β levels did not exhibit statistically significant differences between both groups of 167 

patients during febrile phase. Despite displaying a similar pattern of responses to that of IFN-168 

β, no significant differences were observed in IFN-α levels during both phases of illness 169 

when comparing both groups of children (Fig. 1a). 170 

Several reports have described conflicting results with respect to the role of serum 171 

viral load in the severity of dengue disease [29-32]. Therefore, we further investigated a 172 

possible association of viremia and plasma levels of type I IFNs in SD patients. The serum 173 

DENV viremia levels were measured in 42 total patients during the febrile phase, where 174 

available (n = 11 and 31 for DI and SD patients, respectively; n = 18 and 24 for primary and 175 

secondary DENV infected patients, respectively). We found a positive correlation between 176 

IFN-α and viremia in SD patients (Fig. 1c) suggesting that, as expected, DENV replication 177 

induces production of IFN-α. No significant correlation was found between IFN-β and viremia 178 

(Fig. 1d). Interestingly, in our study viremia levels were not significantly different in DI and SD 179 

children as well as in primary and secondary DENV infected patients (Fig. 2a and 2b). 180 

 181 

4.4. Type I IFN-related cytokine levels in DI vs. SD patients at different phases of illness 182 

Type I IFNs can signal to almost every cell type in the body and closely interact with 183 

the immune system affecting cytokine and chemokine production [33-35]. Therefore, we then 184 

explored the serum levels of type I IFN-related cytokines and chemokines of patients during 185 

the febrile phase or defervescence. The significant increase in serum IFN-β levels in SD 186 

compared to DI patients during defervescence (Fig. 1b) was accompanied by significantly 187 

higher levels of type I IFN-promoted and pro-inflammatory mediators, IL-6 (Fig. 3a) and MIP-188 

1β (Fig. 3b). No statistically significant differences were detected in serum levels of other 189 

type I IFN-related mediators, IL-10, MCP-1 and IFN-γ between DI and SD children (Fig. 3c-190 

e). 191 

 192 
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4.5. Association of type I IFN levels and laboratory parameters in DI and SD patients 193 

We next analyzed a possible association of type I IFN levels and laboratory 194 

parameters in DI and SD patients (Fig. 4). During the febrile phase, increased hematocrit 195 

levels were associated with augmented levels of IFN-β in SD patients (Fig. 4a). Conversely, 196 

no significant correlations were observed between type I IFNs and laboratory parameters 197 

during febrile phase in DI patients. Furthermore, during defervescence significant 198 

associations between increased levels of WBC and decreased levels of IFN-α were observed 199 

in SD patients (Fig. 4b).  200 

 201 

5. Discussion 202 

Type I IFN is an important innate immune system regulator of viral infections [18, 33, 203 

36]. The role of type I IFN in DENV infection control and disease severity has been studied in 204 

vitro and in vivo [37-41]. While DENV infection has been shown to induce a strong type I IFN 205 

response in patients, the association with disease severity in clinical studies has yielded 206 

mixed results [15, 16, 28, 40, 41]. In our study, we found that SD patients exhibited 207 

significantly higher levels of IFN-β during defervescence compared to DI patients, whereas 208 

IFN-α levels did not significantly differ between both groups of patients during disease 209 

progression. 210 

The early studies that explored the role of type I IFN in dengue severity in human 211 

subjects reported that similarly high levels of IFN-α were present in serum of Thai children 212 

with DHF and DF [40]. However, several subsequent reports from Mexico, Taiwan, Brazil, 213 

India and Thailand described higher levels of IFN-α in patients with milder clinical forms of 214 

dengue [14, 15, 27, 32, 42]. Although the production of IFN-α in DENV-infected patients and 215 

its association with disease severity is well documented, less is known about the role of IFN-216 

β in DENV-infected patients. A study by Pech Torres et al. found that serum IFN-β levels 217 

were not associated with severity of dengue disease, reporting that DF and DHF patients as 218 

well as dengue patients with and without  warning signs expressed similar serum levels of 219 
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IFN-β [16]. By contrast and in agreement with our results, another recent study revealed that 220 

high levels of IFN-β were associated with primary DHF in patients from Northeast Brazil, 221 

whereas IFN-α levels were similarly expressed in DF and DHF patients [43]. 222 

The relationship between type I IFN levels and the previous serologic status of 223 

patients to DENV is controversial [15, 27, 28, 32, 43]. In our study, we did not observe 224 

significant differences in serum levels of IFN-α and IFN-β in patients with primary and 225 

secondary infections, suggesting that the pre-existing immunity to DENV in our study 226 

population did not influence type I IFN production. 227 

The kinetics of type I IFN induction by DENV infection as well as the main IFN 228 

producer-cell type has been reported to be different between IFN- and- and may account 229 

for the different expression levels observed in serum of DENV-infected patients [28, 44, 45]. 230 

Tang et al. reported that in hospitalized DENV-1 infected adult patients from China serum 231 

IFN-α levels were increased compared to serum IFN-β levels, which were similar to the ones 232 

in healthy controls [28]. Furthermore, while some reports describe that levels of IFN-α decline 233 

rapidly after fever onset in DF and DHF patients [15], other studies found that increased 234 

levels of IFN-α remain after defervescence in some patients with DHF, but not in patients 235 

with DF [40]. In our study, we observed that IFN-α and IFN-β levels remained low and close 236 

to baseline in DI patients during the febrile phase and defervescence. By contrast, both type I 237 

IFN levels were more dispersed in SD than in DI patients but did not exhibit significant 238 

differences during disease progression. 239 

The relationship between viral load and the clinical severity of DENV infection has 240 

been described in several reports, which yielded again conflicting results [14, 29, 31, 32, 46-241 

49]. Some reports informed higher viremia levels in DHF than in DF patients [14, 29, 31, 47]. 242 

Conversely and in agreement with our study, other studies found similar viral RNA levels in 243 

serum samples of patients undergoing mild and severe dengue infections [32, 46, 48, 49]. 244 

Furthermore, coinciding with observations from other authors, we observed a positive 245 

correlation between dengue viremia and IFN-α in SD patients [28, 32], which was absent with 246 

IFN-β. These results and the lack of association of IFN-α levels with disease severity suggest 247 
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that IFN-α induction by DENV replication is not related with the development of severe 248 

manifestations of dengue disease in our study population. 249 

Several studies associate SD disease with excessive immune activation that creates 250 

a cytokine cascade resulting in increased vascular permeability [50, 51]. In our study, we 251 

observed that SD patients exhibited significantly increased serum levels of IL-6 and MIP-1β 252 

compared to DI children. IL-6 is secreted primarily by macrophages and lymphocytes in 253 

response to injury or infection [52] and, in concordance with our study, has been reported to 254 

be associated with the progression from mild dengue to severe forms of the disease [6-8, 255 

53]. MIP-1β has been proposed to play a role in immunopathogenesis, by contributing to 256 

fever and bone marrow suppression in DENV infections [54]. In a recent study that 257 

investigated prognostic biomarkers of DHF, MIP-1β was reported to be significantly 258 

increased in DHF compared to DF patients [54]. Conversely, other studies have described 259 

MIP-1β as a good prognostic marker of dengue disease [8, 55]. 260 

 Blood profile and laboratory parameters were similar in DI and SD patients in our 261 

study population, except for significantly decreased albumin in blood, probably due to liver 262 

dysfunction, and increased APTT, related to the risk or the presence of hemorrhage in SD 263 

compared to DI children. The association of type I IFN levels and laboratory parameters has 264 

not been extensively studied in dengue patients. Serum IFN-α levels have been reported to 265 

be directly proportional to the degree of thrombocytopenia, suggesting that IFN-α may inhibit 266 

platelet production from human megakaryocytes [28, 40]. Furthermore, IFN-α levels have 267 

been described to be negatively correlated with serum alanine aminotransferase levels in DF 268 

patients [28]. In our study we found that augmented IFN-β levels were associated with 269 

increased hematocrit in SD patients, suggesting that IFN-β may exert an undesirable 270 

immune-regulatory effect in DENV-infected patients associated with hemoconcentration. In 271 

addition, we found that IFN-α levels negatively correlated with white blood cell count, also 272 

suggesting that type I IFN may negatively impact the bone marrow during DENV infections. 273 

Our study had several limitations. First, the number of patients with DI was small, 274 

potentially hampering detection of weaker associations. Furthermore, due to the availability 275 
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of small blood volumes, the association between viremia and type I IFNs could be performed 276 

with a limited number of samples. This said, the observations on type I IFNs and related 277 

cytokines, such as IL-6 and MIP-1β, describe an important role of IFN-β in severe disease 278 

manifestations in children from a Latin American country and provide an interesting 279 

perspective of two very different phases of illness in both moderate and severe 280 

presentations. Further studies with a larger population of patients would provide a more 281 

comprehensive view of type I IFNs associations with dengue disease manifestations, in 282 

terms of prognosis or pathophysiology.  283 

 In summary, the results of our study highlight the intrincate interaction of type I IFNs 284 

in the immune response to DENV infection in humans, and stress the need for more 285 

investigation on their effects in dengue disease.  286 

 287 

Competing interests 288 

The authors declare that there is no conflict of interests regarding the publication of 289 

this paper. 290 

 291 

Funding 292 

This work was supported by a grant from UBS Optimus Foundation to FPP (No. 293 

Opt1507.01). The funders had no role in study design, data collection and analysis, decision 294 

to publish, or preparation of the manuscript. 295 

 296 

Acknowledgements 297 

PLA and LBT are members of Research Career from CONICET and ABB is fellow 298 

from the same institution.  299 

 300 

Authors´ contributions 301 



12 
 

Conceived and designed experiments: LBT SA DL CV GC AA FPP. Performed the 302 

experiments: LBT ABB SA CV PLA AF MTC. Analyzed the data: LBT ABB SA CV. Wrote the 303 

paper: LBT FPP. 304 

 305 

References 306 

 307 

[1] Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, et al. The global 308 

distribution and burden of dengue. Nature. 2013;496:504-7. doi: 309 

10.1038/nature12060nature12060 [pii]. 310 

[2] World Health Organization, "Global Strategy for Dengue prevention and Control 2012-311 

2020". Geneva: World Health Organization; 2012. 312 

[3] Martina BE, Koraka P, Osterhaus AD. Dengue virus pathogenesis: an integrated view. 313 

Clin Microbiol Rev. 2009;22:564-81. doi: 10.1128/CMR.00035-0922/4/564 [pii]. 314 

[4] World Health Organization, "Dengue: Guidelines for Diagnosis, Treatment, Prevention, 315 

and Control". Geneva: World Health Organization; 2009. 316 

[5] Pang T, Cardosa MJ, Guzman MG. Of cascades and perfect storms: the 317 

immunopathogenesis of dengue haemorrhagic fever-dengue shock syndrome (DHF/DSS). 318 

Immunol Cell Biol. 2007;85:43-5. doi: 7100008 [pii]10.1038/sj.icb.7100008. 319 

[6] Chen LC, Lei HY, Liu CC, Shiesh SC, Chen SH, Liu HS, et al. Correlation of serum levels 320 

of macrophage migration inhibitory factor with disease severity and clinical outcome in 321 

dengue patients. Am J Trop Med Hyg. 2006;74:142-7. doi: 74/1/142 [pii]. 322 

[7] Suharti C, van Gorp EC, Dolmans WM, Setiati TE, Hack CE, Djokomoeljanto R, et al. 323 

Cytokine patterns during dengue shock syndrome. Eur Cytokine Netw. 2003;14:172-7. 324 

[8] Bozza FA, Cruz OG, Zagne SM, Azeredo EL, Nogueira RM, Assis EF, et al. Multiplex 325 

cytokine profile from dengue patients: MIP-1beta and IFN-gamma as predictive factors for 326 

severity. BMC Infect Dis. 2008;8:86. doi: 10.1186/1471-2334-8-861471-2334-8-86 [pii]. 327 



13 
 

[9] Green S, Vaughn DW, Kalayanarooj S, Nimmannitya S, Suntayakorn S, Nisalak A, et al. 328 

Early immune activation in acute dengue illness is related to development of plasma leakage 329 

and disease severity. J Infect Dis. 1999;179:755-62. doi: JID980942 [pii]10.1086/314680. 330 

[10] Mustafa AS, Elbishbishi EA, Agarwal R, Chaturvedi UC. Elevated levels of interleukin-13 331 

and IL-18 in patients with dengue hemorrhagic fever. FEMS Immunol Med Microbiol. 332 

2001;30:229-33. doi: S0928824401002279 [pii]. 333 

[11] Rathakrishnan A, Wang SM, Hu Y, Khan AM, Ponnampalavanar S, Lum LC, et al. 334 

Cytokine expression profile of dengue patients at different phases of illness. PLoS One. 335 

2012;7:e52215. doi: 10.1371/journal.pone.0052215PONE-D-12-15684 [pii]. 336 

[12] Martina BE. Dengue pathogenesis: a disease driven by the host response. Sci Prog. 337 

2014;97:197-214. 338 

[13] Hatch S, Endy TP, Thomas S, Mathew A, Potts J, Pazoles P, et al. Intracellular cytokine 339 

production by dengue virus-specific T cells correlates with subclinical secondary infection. J 340 

Infect Dis. 2011;203:1282-91. doi: 10.1093/infdis/jir012jir012 [pii]. 341 

[14] Libraty DH, Endy TP, Houng HS, Green S, Kalayanarooj S, Suntayakorn S, et al. 342 

Differing influences of virus burden and immune activation on disease severity in secondary 343 

dengue-3 virus infections. J Infect Dis. 2002;185:1213-21. doi: JID011089 344 

[pii]10.1086/340365. 345 

[15] De La Cruz Hernandez SI, Puerta-Guardo H, Flores-Aguilar H, Gonzalez-Mateos S, 346 

Lopez-Martinez I, Ortiz-Navarrete V, et al. A strong interferon response correlates with a 347 

milder dengue clinical condition. J Clin Virol. 2014;60:196-9. doi: 348 

10.1016/j.jcv.2014.04.002S1386-6532(14)00134-6 [pii]. 349 

[16] Pech Torres RE, Cedillo Rivera RM, Lorono Pino MA, Sanchez Burgos GG. Serum 350 

levels of IFN-beta are associated with days of evolution but not with severity of dengue. J 351 

Med Virol. 2016;88:395-9. doi: 10.1002/jmv.24343. 352 

[17] Lee YH, Leong WY, Wilder-Smith A. Markers of dengue severity: a systematic review of 353 

cytokines and chemokines. J Gen Virol. 2016;97:3103-19. doi: 10.1099/jgv.0.000637. 354 



14 
 

[18] Platanias LC. Mechanisms of type-I- and type-II-interferon-mediated signalling. Nat Rev 355 

Immunol. 2005;5:375-86. doi: nri1604 [pii]10.1038/nri1604. 356 

[19] Teijaro JR. Type I interferons in viral control and immune regulation. Curr Opin Virol. 357 

2016;16:31-40. doi: 10.1016/j.coviro.2016.01.001S1879-6257(16)00004-3 [pii]. 358 

[20] Diamond MS. Mechanisms of evasion of the type I interferon antiviral response by 359 

flaviviruses. J Interferon Cytokine Res. 2009;29:521-30. doi: 10.1089/jir.2009.0069. 360 

[21] Rodriguez-Madoz JR, Belicha-Villanueva A, Bernal-Rubio D, Ashour J, Ayllon J, 361 

Fernandez-Sesma A. Inhibition of the type I interferon response in human dendritic cells by 362 

dengue virus infection requires a catalytically active NS2B3 complex. J Virol. 2010;84:9760-363 

74. doi: 10.1128/JVI.01051-10JVI.01051-10 [pii]. 364 

[22] Pagni S, Fernandez-Sesma A. Evasion of the human innate immune system by dengue 365 

virus. Immunol Res. 2012;54:152-9. doi: 10.1007/s12026-012-8334-2. 366 

[23] Aguirre S, Maestre AM, Pagni S, Patel JR, Savage T, Gutman D, et al. DENV inhibits 367 

type I IFN production in infected cells by cleaving human STING. PLoS Pathog. 368 

2012;8:e1002934. doi: 10.1371/journal.ppat.1002934PPATHOGENS-D-12-00881 [pii]. 369 

[24] Lanciotti RS, Calisher CH, Gubler DJ, Chang GJ, Vorndam AV. Rapid detection and 370 

typing of dengue viruses from clinical samples by using reverse transcriptase-polymerase 371 

chain reaction. J Clin Microbiol. 1992;30:545-51. 372 

[25] Lovera D, Martinez de Cuellar C, Araya S, Amarilla S, Gonzalez N, Aguiar C, et al. 373 

Clinical Characteristics and Risk Factors of Dengue Shock Syndrome in Children. Pediatr 374 

Infect Dis J. 2016;35:1294-99. doi: 10.1097/INF.0000000000001308. 375 

[26] Callahan JD, Wu SJ, Dion-Schultz A, Mangold BE, Peruski LF, Watts DM, et al. 376 

Development and evaluation of serotype- and group-specific fluorogenic reverse 377 

transcriptase PCR (TaqMan) assays for dengue virus. J Clin Microbiol. 2001;39:4119-24. doi: 378 

10.1128/JCM.39.11.4119-4124.2001. 379 

[27] Chen RF, Yang KD, Wang L, Liu JW, Chiu CC, Cheng JT. Different clinical and 380 

laboratory manifestations between dengue haemorrhagic fever and dengue fever with 381 



15 
 

bleeding tendency. Trans R Soc Trop Med Hyg. 2007;101:1106-13. doi: S0035-382 

9203(07)00232-5 [pii]10.1016/j.trstmh.2007.06.019. 383 

[28] Tang Y, Kou Z, Zhang F, Yao X, Liu S, Ma J, et al. Both viremia and cytokine levels 384 

associate with the lack of severe disease in secondary dengue 1 infection among adult 385 

Chinese patients. PLoS One. 2010;5:e15631. doi: 10.1371/journal.pone.0015631. 386 

[29] Vaughn DW, Green S, Kalayanarooj S, Innis BL, Nimmannitya S, Suntayakorn S, et al. 387 

Dengue viremia titer, antibody response pattern, and virus serotype correlate with disease 388 

severity. J Infect Dis. 2000;181:2-9. doi: JID990867 [pii]10.1086/315215. 389 

[30] Endy TP, Nisalak A, Chunsuttitwat S, Vaughn DW, Green S, Ennis FA, et al. 390 

Relationship of preexisting dengue virus (DV) neutralizing antibody levels to viremia and 391 

severity of disease in a prospective cohort study of DV infection in Thailand. J Infect Dis. 392 

2004;189:990-1000. doi: 10.1086/382280JID31323 [pii]. 393 

[31] Fox A, Le NM, Simmons CP, Wolbers M, Wertheim HF, Pham TK, et al. Immunological 394 

and viral determinants of dengue severity in hospitalized adults in Ha Noi, Viet Nam. PLoS 395 

Negl Trop Dis. 2011;5:e967. doi: 10.1371/journal.pntd.0000967. 396 

[32] Singla M, Kar M, Sethi T, Kabra SK, Lodha R, Chandele A, et al. Immune Response to 397 

Dengue Virus Infection in Pediatric Patients in New Delhi, India--Association of Viremia, 398 

Inflammatory Mediators and Monocytes with Disease Severity. PLoS Negl Trop Dis. 399 

2016;10:e0004497. doi: 10.1371/journal.pntd.0004497PNTD-D-15-01504 [pii]. 400 

[33] McNab F, Mayer-Barber K, Sher A, Wack A, O'Garra A. Type I interferons in infectious 401 

disease. Nat Rev Immunol. 2015;15:87-103. doi: 10.1038/nri3787nri3787 [pii]. 402 

[34] Trinchieri G. Type I interferon: friend or foe? J Exp Med. 2010;207:2053-63. doi: 403 

10.1084/jem.20101664jem.20101664 [pii]. 404 

[35] Davidson S, Maini MK, Wack A. Disease-promoting effects of type I interferons in viral, 405 

bacterial, and coinfections. J Interferon Cytokine Res. 2015;35:252-64. doi: 406 

10.1089/jir.2014.0227. 407 

[36] Garcia-Sastre A, Biron CA. Type 1 interferons and the virus-host relationship: a lesson in 408 

detente. Science. 2006;312:879-82. doi: 312/5775/879 [pii]10.1126/science.1125676. 409 



16 
 

[37] Diamond MS, Roberts TG, Edgil D, Lu B, Ernst J, Harris E. Modulation of Dengue virus 410 

infection in human cells by alpha, beta, and gamma interferons. J Virol. 2000;74:4957-66. 411 

[38] Diamond MS, Harris E. Interferon inhibits dengue virus infection by preventing 412 

translation of viral RNA through a PKR-independent mechanism. Virology. 2001;289:297-413 

311. doi: 10.1006/viro.2001.1114S0042-6822(01)91114-6 [pii]. 414 

[39] Rodriguez-Madoz JR, Bernal-Rubio D, Kaminski D, Boyd K, Fernandez-Sesma A. 415 

Dengue virus inhibits the production of type I interferon in primary human dendritic cells. J 416 

Virol. 2010;84:4845-50. doi: 10.1128/JVI.02514-09JVI.02514-09 [pii]. 417 

[40] Kurane I, Innis BL, Nimmannitya S, Nisalak A, Meager A, Ennis FA. High levels of 418 

interferon alpha in the sera of children with dengue virus infection. Am J Trop Med Hyg. 419 

1993;48:222-9. 420 

[41] Becquart P, Wauquier N, Nkoghe D, Ndjoyi-Mbiguino A, Padilla C, Souris M, et al. Acute 421 

dengue virus 2 infection in Gabonese patients is associated with an early innate immune 422 

response, including strong interferon alpha production. BMC Infect Dis. 2010;10:356. doi: 423 

10.1186/1471-2334-10-3561471-2334-10-356 [pii]. 424 

[42] Gandini M, Gras C, Azeredo EL, Pinto LM, Smith N, Despres P, et al. Dengue virus 425 

activates membrane TRAIL relocalization and IFN-alpha production by human plasmacytoid 426 

dendritic cells in vitro and in vivo. PLoS Negl Trop Dis. 2013;7:e2257. doi: 427 

10.1371/journal.pntd.0002257PNTD-D-12-01360 [pii]. 428 

[43] Oliveira RA, Silva MM, Calzavara-Silva CE, Silva AM, Cordeiro MT, Moura PM, et al. 429 

Primary dengue haemorrhagic fever in patients from northeast of Brazil is associated with 430 

high levels of interferon-beta during acute phase. Mem Inst Oswaldo Cruz. 2016;111:378-84. 431 

doi: 10.1590/0074-02760150453S0074-02762016000600378 [pii]S0074-432 

02762016005008101 [pii]. 433 

[44] Chang TH, Liao CL, Lin YL. Flavivirus induces interferon-beta gene expression through 434 

a pathway involving RIG-I-dependent IRF-3 and PI3K-dependent NF-kappaB activation. 435 

Microbes Infect. 2006;8:157-71. doi: S1286-4579(05)00241-8 436 

[pii]10.1016/j.micinf.2005.06.014. 437 



17 
 

[45] Kurane I, Ennis FA. Production of interferon alpha by dengue virus-infected human 438 

monocytes. J Gen Virol. 1988;69 ( Pt 2):445-9. doi: 10.1099/0022-1317-69-2-445. 439 

[46] Murgue B, Roche C, Chungue E, Deparis X. Prospective study of the duration and 440 

magnitude of viraemia in children hospitalised during the 1996-1997 dengue-2 outbreak in 441 

French Polynesia. J Med Virol. 2000;60:432-8. doi: 10.1002/(SICI)1096-442 

9071(200004)60:4<432::AID-JMV11>3.0.CO;2-7 [pii]. 443 

[47] Wang WK, Chao DY, Kao CL, Wu HC, Liu YC, Li CM, et al. High levels of plasma 444 

dengue viral load during defervescence in patients with dengue hemorrhagic fever: 445 

implications for pathogenesis. Virology. 2003;305:330-8. doi: S0042682202917046 [pii]. 446 

[48] Sudiro TM, Zivny J, Ishiko H, Green S, Vaughn DW, Kalayanarooj S, et al. Analysis of 447 

plasma viral RNA levels during acute dengue virus infection using quantitative competitor 448 

reverse transcription-polymerase chain reaction. J Med Virol. 2001;63:29-34. doi: 449 

10.1002/1096-9071(200101)63:1<29::AID-JMV1004>3.0.CO;2-S [pii]. 450 

[49] Chen RF, Liu JW, Yeh WT, Wang L, Chang JC, Yu HR, et al. Altered T helper 1 reaction 451 

but not increase of virus load in patients with dengue hemorrhagic fever. FEMS Immunol 452 

Med Microbiol. 2005;44:43-50. doi: S0928-8244(04)00262-7 453 

[pii]10.1016/j.femsim.2004.11.012. 454 

[50] Srikiatkhachorn A, Green S. Markers of dengue disease severity. Curr Top Microbiol 455 

Immunol. 2010;338:67-82. doi: 10.1007/978-3-642-02215-9_6. 456 

[51] Rothman AL. Immunity to dengue virus: a tale of original antigenic sin and tropical 457 

cytokine storms. Nat Rev Immunol. 2011;11:532-43. doi: 10.1038/nri3014nri3014 [pii]. 458 

[52] Heinrich PC, Behrmann I, Haan S, Hermanns HM, Muller-Newen G, Schaper F. 459 

Principles of interleukin (IL)-6-type cytokine signalling and its regulation. Biochem J. 460 

2003;374:1-20. doi: 10.1042/BJ20030407BJ20030407 [pii]. 461 

[53] Iyngkaran N, Yadav M, Sinniah M. Augmented inflammatory cytokines in primary 462 

dengue infection progressing to shock. Singapore Med J. 1995;36:218-21. 463 

[54] Spain-Santana TA, Marglin S, Ennis FA, Rothman AL. MIP-1 alpha and MIP-1 beta 464 

induction by dengue virus. J Med Virol. 2001;65:324-30. doi: 10.1002/jmv.2037 [pii]. 465 



18 
 

[55] Yeo AS, Azhar NA, Yeow W, Talbot CC, Jr., Khan MA, Shankar EM, et al. Lack of 466 

clinical manifestations in asymptomatic dengue infection is attributed to broad down-467 

regulation and selective up-regulation of host defence response genes. PLoS One. 468 

2014;9:e92240. doi: 10.1371/journal.pone.0092240PONE-D-13-50839 [pii]. 469 

 470 

471 Figure legends 472 

 473 

Fig. 1. Type I IFN production and correlation with viremia levels in DENV-infected children. 474 

(a) IFN-α and (b) IFN-β levels in serum samples from patients with DI compared to those with 475 

SD at different phases of illness (febrile phase or defervescence). Lines represent median 476 

values. Correlations between (c) IFN-α and (d) IFN-β levels with viremia during the febrile 477 

phase in SD patients. rs, Spearman correlation coefficient. * p<0.05. 478 

 479 

Fig. 2. Viremia levels do not significantly differ in DI and SD children and in primary and 480 

secondary DENV infected patients. Box-and-whisker plots show median values (horizontal 481 

line in the box), 25-75% interquartile range (upper and lower limits of the box), and maximum 482 

and minimum values (additional bars). 483 

 484 

Fig. 3. Type I IFN-related cytokine production in DENV-infected children over two phases of 485 

illness. Type I IFN-related cytokine levels in serum samples from patients with DI compared 486 

to those with SD at the febrile phase or defervescence. Lines represent median values. * 487 

p<0.05. 488 

 489 

Fig. 4. Correlations of IFN-α and IFN-β levels with laboratory parameters in SD patients. IFN-490 

β serum levels positively correlated with (a) hematocrit during the febrile phase and IFN-α 491 

serum levels negatively correlated with (b) WBC during defervescence in SD patients. rs, 492 

Spearman correlation coefficient. * p<0.05. 493 



Table 1. Demographic and clinical characteristics of the study population. 

Demographic and clinical characteristics DI SD  p-valuea OR (95% CI) p-valueb 

  (n=16) (n=61)       

Age in years (mean, StD) 10.3 (4.6) 10.8 (3.9) 0.757 1.035 (0.906-1.182) 0.615 

Age in years (range) 1−15 0−15 −−− −−− 
 

Sex     0.935 1.047 (0.345-3.178) 0.935 

Female (n, %) 7 (43.7) 26 (42.6) 
   

Male (n, %) 9 (56.3) 35 (57.4)       

Weight (mean, StD) 39.8 (19.3) 44.0 (16.8) 0.235 1.014 (0.982-1.048) 0.387 

Day of disease at hospitalization (mean, StD) 3.8 (1.7) 3.5 (1.8) 0.570 0.921 (0.675-1.256) 0.603 

Days of hospitalization (mean, StD) 3.9 (1.8) 5.5 (2.7) 0.019 1.446 (1.047-1.999) 0.025 

Day of hospitalization (range)  1−7 1−18 −−− −−−   

ICU Entry (n, %) 0 (0) 8 (13.1) 0.126 −−− 
 

Clinical complicationsc (n, %) 2 (12.5) 23 (37.7) 0.055 4.237 (0.882-20.354) 0.071 

Comorbiditiesd (n, %) 2 (12.5) 11 (18.0) 0.599 1.54 (0.305-7.774) 0.601 

Deaths (n, %) 0 (0) 1 (1.6) 0.606 −−−   

DI, dengue illness; SD, severe dengue; OR, odds ratio; CI, confidence interval; StD, standard deviation; ICU, intensive care unit. 

 a p-values were calculated using Chi-square tests except for age, weight, day of disease at hospitalization and days of hospitalization, for which 

Mann-Whitney tests were applied. 

b p-values were calculated during univariate logistic regression analyses using 2-tailed test. 

c Clinical complications included hepatitis, polyserositis, and miocarditis. 

d Comorbidities included overweight, choledochian syndrome, recurrent wheezing, and convulsions. 

 



 
 

Table 2. Clinical symptoms experienced by the study population. 

Clinical symptoms DI SD p-valuea OR (95% CI) p-valueb 

 
(n=16) (n=61) 

   
  n (%) n (%)       

Fever 16 (100) 61 (100) −−− −−− −−− 

Rash 6 (37.5) 17 (27.9) 0.454 0.644 (0.203-2.047) 0.456 

Myalgia and arthralgia 9 (56.3) 39 (63.9) 0.572 1.377 (0.451-4.215) 0.573 

Headache 14 (87.5) 39 (63.9) 0.070 0.253 (0.053-1.219) 0.087 

Epistaxis 3 (18.8) 8 (13.1) 0.566 0.654 (0.152-2.814) 0.568 

Bleeding gums 2 (12.5) 4 (6.6) 0.430 0.491 (0.082-2.958) 0.438 

Metrorrhagia 1 (6.3) 2 (3.3) 0.585 0.508 (0.043-5.990) 0.591 

Hematemesis 0 (0) 3 (4.9) 0.366 −−− −−−  

Vomiting 10 (62.5) 31 (50.8) 0.405 0.620 (0.200-1.919) 0.407 

Abdominal pain 11 (68.8) 38 (62.3) 0.633 0.751 (0.231-2.437) 0.633 

Hypotension 0 (0) 3 (4.9) 0.366 −−− −−− 

Encephalitis 0 (0) 1 (1.6) 0.606 −−− −−−  

Ascites 0 (0) 23 (37.7) 0.003 −−− −−− 

Pleural effusion 0 (0) 20 (32.8) 0.008 −−− −−−  

Gallbladder wall thickening 1 (6.3) 17 (27.9) 0.069 5.795 (0.709-47.336) 0.101 

Pericardial effusion 0 (0) 6 (9.8) 0.191 −−− −−−  

DI, dengue illness; SD, severe dengue; OR, odds ratio; CI, confidence interval. 

a p-values were calculated using Chi-square tests. 

b p-values were calculated during univariate logistic regression analyses using 2-tailed test. 



 
 

Table 3. Blood profile and laboratory determinations of the study population. 

Laboratory determinations Normal level DI SD p-valuea 

 
(Range) (n=16) (n=61) 

 

    Mean (StD)     

White Blood Cells (x106/L) 4000−11000 4618.8 (2643.3) 5096.7 (2925.5) 0.585 

Hematocrit (%) 36−50 39.9 (6.5) 40.0 (6.2) 0.422 

Hemoglobin  (g/dL) 12.1−17.2 12.8 (1.3) 13.5 (1.6) 0.205 

Platelets (x106/mL) 150−400 202.0 (137.5) 161.4 (88.5) 0.451 

Aspartate aminotransferase, AST (IU/L) 10−34 114.8 (87.1) 185.1 (349.8) 0.797 

Alanine aminotransferase, ALT (IU/L) 7−40 82.7 (69.1) 109.9 (204.5) 0.758 

Total Albumin (g/dL) 3.4−5.4 4.3 (0.6) 3.4 (0.4) 0.034 

Plasma Urea (mg/dL)  7−20 23.5 (7.5) 21.3 (8.4) 0.427 

Creatinine (mg/dL) 0.5−1.2 0.55 (0.17) 0.57 (0.17) 0.779 

Sodium (mEq/L) 135−145 139.0 136.7 (5.6) 0.560 

Potassium (mEq/L) 3.7−5.2 4.0 4.03 (0.45) 0.678 

Prothrombin Time, PT  (%)  70−130 99.5 (0.7) 83.4 (12.8) 0.117 

Activated Partial Thromboplastin Time, APTT (seg) 25−35 26.5 (3.5) 36.7 (7.9) 0.048 

Fibrinogen (mg/dL) 200−400 350.0 (45.3) 307.6 (94.3) 0.472 

DI, dengue illness; SD, severe dengue; StD, standard deviation. 

a p-values were calculated using Mann-Whitney tests. 

 

 



 
 

Table 4. Pre-existing immunity to DENV infection in the study population. 

Type of infection DI SD  p-valuea OR (95% CI) p-valueb 

  (n=16) (n=61)       

Primary infectionc (n, %) 6 (37.5) 19 (31.2) 0.629 0.754 (0.239-2.377) 0.630 

Secondary infectiond (n, %) 9 (56.3) 39 (63.9) 0.572 1.379 (0.451-4.215) 0.573 

Not classifiede (n, %) 1 (6.3) 3 (4.9) --- --- --- 

DI, dengue illness; SD, severe dengue; OR, odds ratio; CI, confidence interval. 

a p-values were calculated using Chi-square tests. 

b p-values were calculated during univariate logistic regression analyses using 2-tailed test. 

c Samples with (OD/CV) x 10 < 18, where OD is the absorbance of the test sample and CV is the Cutt-off Value in IgG Capture ELISA. 

d Samples with (OD/CV) x10 > 22 in IgG Capture ELISA. 

e Samples with (OD/CV) x 10 in the range 18-22 in IgG Capture ELISA. 



Supplementary tables 

Table S1. Laboratory test results in the study population. 

Laboratory diagnostic tests DI SD 

 
(n=16) (n=61) 

  n  

DENV RNA detection 11 31 

DENV NS1 Antigen detection 1 3 

DENV IgM detection 15 56 

Multiple DENV NS1 Antigen/IgM detection 1 3 

Multiple DENV RNA /IgM detection 10 30 

DENV IgG detection  16 61 

    Primary infectionsa 6 19 

    Secondary infectionsb 9 39 

    Not classifiedc 1 3 
 

DI, dengue illness; SD, severe dengue. 

a Samples with (OD/CV) x 10 < 18, where OD is the absorbance of the test sample and CV is 

the Cutt-off Value in IgG Capture ELISA. 

b Samples with (OD/CV) x10 > 22 in IgG Capture ELISA. 

c Samples with (OD/CV) x 10 in the range 18-22 in IgG Capture ELISA. 

 

 



Table S2. Demographic and clinical characteristics of primary and secondary DENV infected patients. 

Demographic and clinical characteristics Primary infection Secondary infection p-valuea 

  (n=25) (n=48)   

Age in years (mean, StD) 9.2 (4.5) 11.3 (3.7) 0.047 

Age in years (range) 0 - 15 1 - 15 --- 

Sex     0.234 

Female (n, %) 13 (52.0) 18 (37.5) 
 

Male (n, %) 12 (48.0) 30 (62.5)   

Weight (mean, StD) 37.0 (18.4) 45.7 (16.5) 0.080 

Day of disease at hospitalization (mean, StD) 3.2 (1.7) 3.6 (1.7) 0.264 

Days of hospitalization (mean, StD) 5.4 (3.3) 5.1 (2.3) 0.628 

Day of hospitalization (range)  1 - 18 1 - 15 --- 

ICU Entry (n, %) 2 (8.0) 5 (10.4) 0.739 

Clinical complications (n, %) 4 (16.0) 20 (41.7) 0.027 

Comorbidities (n, %) 3 (12.0) 10 (20.8) 0.349 

Deaths (n, %) 0 (0) 1 (2.1) 0.467 

 

StD, standard deviation; ICU, intensive care unit. 

a p-values were calculated using Chi-square tests except for age, weight, day of disease at hospitalization and days of hospitalization, for which 

Mann-Whitney tests were applied. 



Table S3. Clinical symptoms experienced by primary and secondary DENV infected patients. 

Clinical symptoms Primary infection Secondary infection p-valuea 

 
(n=25) (n=48)   

  n (%) n (%)   

Fever 25 (100) 48 (100) --- 

Rash 9 (36.0) 14 (29.2) 0.551 

Myalgia and arthralgia 10 (40.0) 35 (72.9) 0.006 

Headache 15 (60.0) 34 (70.8) 0.350 

Epistaxis 2 (8.0) 9 (18.8) 0.223 

Bleeding gums 0 (0.0) 5 (10.4) 0.095 

Metrorrhagia 2 (8.0) 0 (0.0) 0.047 

Hematemesis 0 (0.0) 3 (6.3) 0.202 

Vomiting 13 (52.0) 25 (52.1) 0.995 

Abdominal pain 13 (52.0) 34 (70.8) 0.111 

Hypotension 0 (0.0) 2 (4.2) 0.301 

Encephalitis 0 (0.0) 1 (2.1) 0.467 

Ascites 4 (16.0) 18 (37.5) 0.057 

Pleural effusion 2 (8.0) 17 (35.4) 0.011 

Gallbladder wall thickening 2 (8.0) 15 (31.3) 0.026 

Pericardial effusion 1 (4.0) 5 (10.4) 0.344 
 

a p-values were calculated using Chi-square tests. 

 



Table S4. Blood profile and laboratory determinations in primary and secondary DENV infected patients. 

Laboratory determinations Normal level Primary infection Secondary infection p-valuea 

 
(Range) (n=25) (n=48)   

    Mean (StD)     

White Blood Cells (x106/L) 4000-11000 5448.0 (3314.8) 4893.8 (2675.2) 0.839 

Hematocrit (%) 36-50 38.0 (5.0) 40.8 (6.7) 0.041 

Hemoglobin  (g/dL) 12.1-17.2 12.7 (1.6) 13.6 (1.5) 0.043 

Platelets (x106/mL) 150-400 211.1 (121.8) 145.6 (77.7) 0.011 

Aspartate aminotransferase, AST (IU/L) 10-34 125.0 (105.0) 204.9 (395.7) 0.537 

Alanine aminotransferase, ALT (IU/L) 7-40 86.3 (78.9) 119.0 (229.9) 0.853 

Total Albumin (g/dL) 3.4-5.4 3.6 (0.3) 3.5 (0.5) 0.435 

Plasma Urea (mg/dL)  7-20 23.0 (9.9) 21.1 (7.5) 0.867 

Creatinine (mg/dL) 0.5-1.2 0.6 (0.2) 0.6 (0.1) 1.000 

Sodium (mEq/L) 135-145 134.4 (8.7) 138.2 (2.6) 0.689 

Potassium (mEq/L) 3.7-5.2 3.8 (0.5) 4.1 (0.4) 0.233 

Prothrombin Time, PT  (%) 70-130 91.4 (12.8) 81.7 (12.3) 0.087 

Activated Partial Thromboplastin Time, APTT (seg) 25-35 30.5 (5.8) 38.8 (8.1) 0.037 

Fibrinogen (mg/dL) 200-400 335.8 (93.3) 290.8 (91.0) 0.440 
 

StD, standard deviation. 

a p-values were calculated using Mann-Whitney tests. 

 

  



Table S5. Cytokine profile at different phases of illness in primary and secondary DENV infected patients. 

Inflammatory cytokines and interferons Febrile phase
a
   Defervescence

b
   

 
Primary infection Secondary infection p-value

c
 Primary infection Secondary infection p-value

c
 

  (n=19) (n=28)   (n=6) (n=20)   

  (pg/ml) Median (IQR)   (pg/ml) Median (IQR)   

IL-1 0.0 (0.0-0.6) 1.3 (0.0-7.4) 0.0210 0.3 (0.0-0.6) 0.3 (0.3-0.5) 0.9421 

IL-2 11.5 (0.0-18.9) 16.5 (5.5-27.9) 0.1453 12.1 (12.1-13.1) 13.6 (7.2-23.0) 0.7074 

IL-6 9.4 (5.6-14.0) 14.5 (7.5-39.4) 0.0560 23.2 (11.3-25.9) 13.6 (7.1-18.4) 0.3582 

IL-7 6.0 (1.3-13.7) 8.0 (1.3-17.2) 0.5936 8.0 (6.0-8.0) 4.3 (3.8-12.7) 0.6795 

IL-8 8.9 (2.8-17.8) 21.9 (5.1-55.3) 0.0709 27.5 (5.8-63.2) 13.0 (9.0-25.2) 0.7856 

IL-17A 4.9 (3.0-16.1) 9.6 (4.9-21.7) 0.3618 10.5 (4.9-30.9) 12.4 (5.8-18.0) 0.7850 

TNF- 0.0 (0.0-3.3) 0.0 (0.0-21.2) 0.4633 0.0 (0.0-3.3) 0 (0-3.3) 0.8037 

IFN- 0.6 (0.0-19.9) 2.0 (0.0-12.3) 0.8300 0.0 (0.0-0.0) 0.0 (0.0-5.9) 0.3574 

IFN- 3.6 (0.0-18.8) 1.0 (0.0-33.5) 0.9524 0.1 (0.0-18.8) 2.4 (0.0-18.8) 0.9160 

G-CSF 11.9 (7.8-19.5) 11.9 (9.9-23.2) 0.4038 11.9 (7.8-19.5) 11.9 (7.8-15.8) 0.7239 

Th 1 and 2 cytokines             

IFN- 36.7 (11.3-58.8) 47.7 (11.3-171.8) 0.3922 36.7 (11.3-36.7) 42.3 (36.7-79.4) 0.0962 

IL-12p70 1.2 (1.2-4.4) 2.8 (1.2-7.7) 0.5039 1.2 (1.2-2.8) 2.8 (1.2-2.8) 0.6968 

IL-4 1.1 (0.6-2.3) 1.3 (1.0-1.7) 0.5766 1.0 (0.6-1.3) 1.1 (1.0-1.7) 0.5766 

IL-5 5.3 (0.1-8.4) 5.3 (0.1-15.8) 0.3846 5.3 (5.3-5-3) 5.3 (0.1-5.3) 0.3402 

IL-13 2.9 (0.4-7.8) 4.7 (0.4-6.3) 0.3530 2.9 (2.9-4.7) 2.9 (0.4-3.8) 0.4787 

Macrophage related cytokines and chemokines           

GM-CSF 131.1 (69.5-179.8) 131.6 (76.0-201.5) 0.7650 119.7 (51.9-130.4) 117.5 (0-188.3) 0.7324 

MIP-1 58.1 (42.6-106.6) 91.8 (31.0-161.5) 0.5502 165.8 (62.3-193.2) 96.3 (40.0-133.8) 0.1741 

MCP-1 71.2 (47.2-197.2) 139.2 (76.6-252.9) 0.0911 101.1 (65.6-150.9) 96.-5 (65.6-125.1) 0.9457 

IL-10 8.3 (3.7-16.7) 6.0 (3.7-19.3) 0.9358 4.6 (4.1-6.4) 4.6 (3.0-5.3) 0.4952 

IQR, interquartile range. a Febrile phase is defined within 2 to 7 days from the onset of symptoms. b Defervescence, is defined within 8 to 11 

days from the onset of symptoms.c p-values were calculated using Mann-Whitney tests. 


