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Abstract 

Dengue Virus (DENV) is one of the major viral diseases that has a high burden in 

Southeast Asia and the Americas. Despite advances in supportive care for mild Dengue 

Fever (DF) and the more severe Dengue Hemorrhagic Fever (DHF), little is known about 

how to identify the progression to DHF before it occurs. The purpose of our 

retrospective study is to assess whether there is an association between the 

concentration of a serum protein, chymase, with DHF (and the symptoms, pre-existing 

conditions, and comorbidities associated with it).  

Data from 291 dengue-confirmed patients were collected from a surveillance 

study conducted in Sri Lanka. We selected a series of demographic, symptom, and pre-

existing condition variables to see if there was an association between these, elevated 

chymase levels, and a DHF diagnosis. Our results confirmed that the correlation 

between a DHF diagnosis and increased chymase levels was statistically significant (p = 

<0.001). Furthermore, the negative correlation between a DF diagnosis and increased 

chymase levels was significant (p = <0.001). Obesity was also significantly predictive of 

increased chymase levels (p = <0.001). Elevated chymase levels correlated with (and 

predicted) a DHF diagnosis between ages 9 and 44, with those under age 9 having the 

strongest correlation.  
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Overall, elevated chymase levels were associated with a DHF diagnosis.  The 

identification of chymase as a biomarker for severe dengue may lead to improved 

diagnostic and surveillance systems that can identify and treat patients at risk for 

developing DHF. 
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1. Introduction  

Dengue virus (DENV) is a mosquito-borne virus that carries a significant disease 

burden in tropical and sub-tropical regions of the world1. Dengue disease contains a 

spectrum of clinical presentations: the more common Dengue Fever (DF), and the less 

common, but more severe, Dengue Hemorrhagic Fever (DHF). Both of these illnesses are 

caused by any of the four DENV serotypes: DENV-1, DENV-2, DENV-3, and DENV-42.  

The history of dengue classification has been complicated by the disease’s unpredictable 

clinical outcomes and shifting epidemiology. In the past, infections were classified into 

undifferentiated fever, DF, and DHF, with the latter being further classified into 4 

severity grades. As this proved difficult for clinicians to use, combined with the 

emergence of cases that did not fit into any category, the “mild dengue” (with and 

without “warning signs) versus “severe dengue” classification scheme was 

implemented3. 

More than 2.5 billion people are at risk for dengue disease worldwide4. As of 

2002, more than 100 countries experienced dengue epidemics, with around 60 

documenting cases of DHF5. It is estimated that between 50 and 100 million cases of DF 

and a few hundred thousand cases of DHF occur each year since the beginning of the 

21st century6. In Asia and the Americas alone, more than 1.2 million cases of dengue have 

been reported to the WHO, which is five times more than the cases reported 20 years 
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earlier6. The rate of fatalities among reported cases in each country can range from 1% to 

15%6. 

Most reported cases of dengue have originated from Southeast Asia, where 

almost all countries are affected by the disease. The tropical regions of the Americas 

form another hotspot for DENV since 1981, and has remained one of the top public 

health priorities in that region. In Western and sub-Saharan Africa, considered an 

“emerging front for dengue surveillance and control7”, presumptive diagnoses for 

malaria mask the full extent of DENV’s prevalence in the region. This is because 

symptoms associated with dengue disease are very similar to that of malaria7. 

Symptoms associated with dengue disease can range from asymptomatic to 

severe complications that can result in death. The incubation period is 4-7 days on 

average. DF symptoms include headache, muscle and joint pain, vomiting, nausea, and 

rash; this period of illness lasts for 5 days2. The clinical presentation of DF between the 

four serotypes is similar, but some differences have been noted; for example, the disease 

course is longer for DENV-1 than DENV-48.  

DHF cases are primarily concentrated among young children living in Southeast 

Asia, while it is present in all age groups in the Americas. Singapore is a major 

exception; the majority of cases are more associated with older adults than children9. 

While the pathogenesis of DHF is not fully understood8, symptoms are characterized by 

an acute, febrile illness with bleeding, thrombocytopenia, and vascular leakage. It starts 
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with a sudden fever that deteriorates for 2-7 days. Dengue shock syndrome (DSS) can 

present itself around the seventh day, depending on DHF severity. It is the most critical 

stage of illness. Clinical signs include circulatory failure, low blood pressure, and shock 

(persistent abdominal pain and vomiting, restlessness/lethargy, and a swift change from 

fever to hypothermia with sweating). Once these signs are present in a patient, it is 

imperative that they seek immediate medical care. Case fatality rates spike from 0.2% 

among patients with DHF to as high as 44% for DSS patients2. 

Supportive treatment for DF generally involves hospitalization and fluid 

replacement. However, there are unfortunately no targeted therapies for dengue disease, 

whether diagnosed as DF, DHF, or DSS10. As soon as DSS is suspected, patients are 

given fluid replacement therapy. This is because plasma leakage in DHF can occur very 

rapidly. Monitoring the patient’s blood pressure, hematocrit, platelet count, urinary 

activity, hemorrhagic complications, and level of consciousness at all times is very 

crucial. Small advancements have been made in developing a DENV vaccine, but the 

chances of developing a safe, effective, and affordable one in the near future are low2. 

Various candidate vaccines are currently undergoing clinical trials, but have only been 

partially protective. 

The CYD-TDV DENV vaccine, one of the more promising vaccine candidates, 

was shown to reduce dengue hospitalizations among children ages 2-16 by 60 – 80% 

during a 25-month disease surveillance study11. However, the efficacy of the vaccine 
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against the individual DENV serotypes was not balanced. Efficacy levels were between 

35% and 50% for patients seropositive for DENV-2, and even lower for those who were 

seronegative (not previously infected with DENV)11. Furthermore, the efficacy of the 

vaccine against severe dengue and hospitalization was higher in children ages 9 and 

older (93% and 81%), as opposed to those younger than 9 (45% and 56%), suggesting 

that those under 9 years had a higher likelihood of being hospitalized12. As of April 2016, 

the WHO licensed CYD-TDV (brand name Dengvaxia) for use in endemic countries 

including Mexico, the Philippines, and Brazil, making it the first DENV vaccine to be 

registered for use13.  

1.1 History of dengue in Southeast Asia 

The geographic expansion of the disease vector Aedes aegypti emerged in 

Southeast Asia following World War II, as a result of the movement of materials and 

troops transporting the vector, and DENV, along with it14.  A substantial increase in the 

economic growth of these countries following the war contributed to the increased 

incidence of vectors and dengue cases. The rise in urban growth since the 1950s allowed 

for the emergence of severe dengue cases (such as DHF) in countries such as the 

Philippines, Thailand, and Singapore15.  

Consequently, the public health infrastructure has not been able to keep up with the 

increasing population size in most Southeast Asian countries. In underdeveloped areas, 

families live in housing areas that contain open lands, attracting mosquito vectors. 
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Mosquito populations are also high in areas with a developed infrastructure. Aedes 

larval habitats often breed in construction sites and other areas of the domestic 

environment, including discarded plastics and automobile tires4. Various community-

based programs have been established by public health staff to encourage DENV 

prevention and control, and have seen some success14.  

1.2 Risk factors for severe dengue infection 

The risk of developing severe dengue is higher in areas where multiple serotypes 

are circulating. Because infection with one serotype provides little immunity to others, 

repeated infections of different serotypes contribute to an increase in DHF cases2. 

Furthermore, the presence of circulating DENV antibodies, from prior infection or 

passively from mother to fetus, can also indicate severe dengue16,17. It has been 

hypothesized that antibodies against DENV can lead to enhanced immune activation to 

the virus during a secondary infection, either by promoting increased virus replication 

or increased activation of immune cells18. This leads to an increased release of vasoactive 

substances (proteases, cytokines, etc.), which accentuates vascular permeability and can 

lead to a more severe clinical presentation18,19 This phenomenon does not explain why all 

cases progress to DHF, however, since DENV-specific antibodies should not be present 

during a primary infection with DENV. 

It has also been hypothesized that the particular order of the serotypes for 

primary and secondary infections can influence the proportion of cases that develop 
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DHF20. For example, a person might have a primary infection with DENV-1, followed by 

a secondary infection with DENV-2 later in life, versus another person who might have 

a primary infection with DENV-2, followed by a secondary infection DENV-3. While a 

primary or secondary infection from any DENV serotype (1-4) has the potential to cause 

DHF, certain combinations of serotypes for primary and secondary infection have been 

found to cause DHF more than others, while others were more associated with DF20. In 

epidemics in isolated settings, the order of primary and secondary infections that have 

been associated with DHF include a primary infection of DENV-1 followed by 

secondary infection with DENV-2, DENV-3 followed by DENV-2, and DENV-4 followed 

by DENV-220. Differences in the rates of DHF within certain geographic regions have 

been observed as well. In Cuba, following the introduction of the DENV-3 genotype III 

in 2001, the sequence of serotypes for primary and secondary infections associated with 

DHF cases was DENV-1 followed by DENV-320. On the other hand, the DENV-2 to 

DENV-1 and DENV-3 to DENV-1 sequences of infection were found not to produce any 

DHF cases20. It is clear that relying solely on the sequence of serotypes for primary and 

secondary DENV infections to predict DHF is not feasible, as it is specific to particular 

regions and strains of DENV. These observations also cannot explain why many people 

experience DHF during primary dengue infection21. 

Because of this, researchers have suggested other risk factors, which may play a 

role in predicting DHF severity. These include symptoms associated with DHF, co-
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morbidities, and pre-existing conditions1. It will be beneficial to understand such risk 

factors as this will give physicians enough time to know how best to identify, monitor, 

and treat patients that have an increased likelihood of developing DHF. Very few 

studies have focused on this topic, and future research studies will help in expanding 

what is already known about these potential risk factors. With this knowledge, the 

general population can have an increased awareness of factors that can influence the 

development of DHF22.  

1.2.1 Symptoms and pre-existing conditions associated with 
DHF 

Certain symptoms that DHF patients present help one distinguish from mild DF 

infection. A prolonged duration of shock, normal to low hematocrit level, and organ 

failure23 characterize progression to DHF. These arise as a result of increased capillary 

permeability and prolonged plasma leakage from blood. When a critical amount of 

leakage is present, the patient experiences shock (a pulse pressure no more than 20 

mmHg). An increase in the concentration of hematocrit (the volume of red blood cells) 

can be an indication of severe plasma leakage, but it is also associated with mild leakage. 

Hemorrhage can follow, which frequently has the effect of decreasing the hematocrit 

level suddenly. As a result, less blood is available to supply many of the vital organs in 

the body, leading to multiple organ failure3. 
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There are other symptoms associated with DHF. In a retrospective analysis of DF 

and DHF patient data from a 2002 southern Taiwan dengue epidemic, Lee et al reported 

that various symptoms were more prevalent in patients that had laboratory-confirmed 

DHF compared to DF patients. These included significant liver problems (as shown in 

elevated liver enzymes in blood serum), thickening of the gallbladder wall, hemorrhagic 

manifestations, and pleural effusion24. 

Pre-existing conditions that patients experience could serve as risk factors for 

developing DHF. In a case-control study of 170 DHF patient cases in Brazil from 2003 to 

2005, individuals reported to have allergies or diabetes were 2.5-times more likely to 

develop DHF (when adjusted for ethnicity and other social variables)1.  Another study 

conducted in Pakistan tested the hypothesis that various co-morbidities put patients at a 

greater risk of developing DHF. While the rate of DHF among diabetic patients was 

higher than those who had DF, the difference was not statistically significant. This lack 

of association was also seen with hypertension and chronic liver disease. Pulmonary 

diseases such as TB and asthma were slightly associated with DHF patients, but were 

also not statistically significant25. This illustrates that the association between pre-

existing conditions, co-morbidities, and DHF may only manifest itself in certain 

populations or regions and not in others. The lack of association can also be attributed to 

limitations in study design. For example, the sample size may not have been sufficient 

for statistical analysis. 
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Studying the clinical differences of dengue symptoms between adults and 

children is especially important, since DHF is a leading cause of death among children 

in Southeast Asia26. If these age-specific differences are uncovered in highly endemic 

regions of the world, clinical definitions of DHF can be further refined and categorized 

based on age. This will allow physicians to look for age-specific clinical manifestations of 

DHF for each patient. 

One study investigated a dengue outbreak occurring in 2001 in an endemic area 

of Thailand, and found differences in the symptoms associated with DHF by age. 

Symptoms among young adults (N = 60, mean age = 23) included headache, myalgia 

(muscle pain), and severe liver complications (shown though abnormally high liver 

enzymes in blood). Cough and liver enlargement were seen more among children (N = 

287, mean age = 8). All patients experienced fever, nausea, and vomiting. Furthermore, 

63% of all patients in that study had DHF/DSS, while 78% of children and 87% of adults 

had a secondary infection27. From this example, physicians can identify particular 

symptoms that patients with dengue present (taking into account their age), which 

would provide more clues into a potential DHF progression. 

Age-specific pre-existing conditions that patients exhibit can be an indicator for 

DHF progression. When studying the demographic characteristics of the 1981 Cuban 

DHF epidemic, researchers identified bronchial asthma, sickle cell anemia, and diabetes 

mellitus as potential risk factors for most fatal cases of DHF. In the case of bronchial 
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asthma, the proportion of fatal DHF cases that had this condition were double the 

number of Cuban cases as a whole, while fatal and non-fatal cases of DHF among 

patients with sickle cell anemia were observed more in adults than children. The 

prevalence of diabetes mellitus was found in only 1 of 23 (4%) of fatal adult DHF cases 

and 2 of 104 (2%) non-fatal adult DHF cases. Due to the small sample size, the 

contribution of diabetes to such cases was not considered statistically significant28. 

Nonetheless, this suggests that there may be an association between age-specific pre-

existing conditions and the risk of developing DHF. 

We can summarize from these examples that plasma leakage, liver involvement, 

and shock are some classic symptoms that help distinguish DHF patients from those 

who have DF. There is no general consensus among multiple studies on what co-

morbidities are more prevalent in DHF patients as opposed to DF. Liver problems and 

allergies can be an exception, as multiple studies have observed such conditions more 

often among DHF patients. In addition, studies vary widely in their distribution of DHF 

cases by gender and age. One study conducted in Nicaragua found that the highest 

proportion of DHF cases was among infants29.  However, other studies have reported 

that there were not statistically significant differences in the incidence of DHF based on 

age30. Reaching a global consensus on which symptoms, co-morbidities, and pre-existing 

conditions predict DHF is a major obstacle. A host of other factors, including geography, 
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race/ethnicity, and endemic serotypes of DENV are different among all regions, which 

can influence the prevalence of DHF in such areas.  

1.2.2 Biomarkers of severe dengue 

Identifying biomarkers that can predict and diagnose DHF has been of increasing 

importance for researchers. Currently, physicians can only identify various warning 

signs that may indicate progression to DHF. In the early ‘febrile’ stage of illness, the 

symptoms of DF and DHF are almost indistinguishable and include high fever, nausea, 

vomiting, and abdominal pain. After this 4-7 day period, a rapid onset of plasma leakage 

can occur among certain patients and last for as little as 48 hours. During this ‘critical’ 

period, severe bleeding, hypotension, and prolonged shock can present themselves31. 

The symptoms that distinguish DHF occur in such a short period of time. Thus, if they 

are not detected early on in the period and treated with proper intravenous fluid 

therapy, mortality can result32.  

Kumar et al. conducted a systematic analysis from a cohort of DF and DHF 

patients (Chinese, Indian, Malay, and ‘Other’ nationalities) that participated in the 

EDEN study, a longitudinal study of dengue and other febrile infections that was 

carried out in Singapore32. Most participants had a primary infection of DENV. A 

hematological and plasma analysis of various markers of DENV infection, including 

various cytokines, were examined for each patient. When comparing the cytokine 

response between DF and DHF patients in the febrile stage, it was found that IFN-γ and 
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IP-10 levels were low in DHF patients compared to the control group, suggesting that 

these patients had a decreased ability to mount a timely anti-viral response32. 

Previous studies, however, did not show consistent findings. Bozza et al’s study 

on the cytokine profile between 20 mild and 39 severe dengue patients from Brazil (most 

of whom had a secondary infection) indicated that cytokine levels of IFN-γ were 

elevated among severe patients in the febrile and defervesence stages of illness (the 

latter stage indicating the time point when the fever begins to subside and the patient 

may rapidly progress to DHF)33. Other elevated cytokines identified included TNF-α, IL-

4, IL-6, IL-7, and IL-1333. The interpretation of such elevated cytokine readings have been 

mixed. While elevated levels of IL-10 among DHF patients in one study34 was suggestive 

of an increased immune activation provoked by DHF, elevated levels of IL-4 and IL-333 

and their role in the manifestation of DHF are still unclear31. 

Two potential biomarkers of DHF that are of interest include the aforementioned 

TNF-α and IL-10. It is believed that the progression to DHF is propagated by a cascade 

of cytokine release that could either occur following T-cell activation or through release 

from cells infected by DENV. This renders endothelial cells prone to fluid and plasma 

leakage. Various studies have confirmed the presence of elevated levels of TNF-α, IL-10, 

and IFN-γ in the serum of DHF patients from areas such as Vietnam, India, and Cuba35. 

The Cuba case, for example, found that IL-10 levels were higher among patients who 

had DHF, versus those who had a primary infection or were otherwise healthy36. It has 
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also been suggested that certain forms of cytokines for which there are polymorphisms, 

or small gene mutations, have been associated with infectious disease. One study 

analyzed the serum of 46 healthy individuals, 71 patients with DF, and 25 with DHF. 

They found that levels of the ‘TNF-α-308A’ polymorphism were five times higher in 

DHF patients among any other group37. 

Evidence supporting the ‘cytokine cascade’ explanation for the pathogenesis of 

DHF is still incomplete38. However, other causes of DHF progression have been 

proposed. Avirutnan et al. observed that levels of NS1, C5a and SC5b-9 were present in 

higher amounts among DHF patients, suggesting that complement activation plays a 

role in the progression to DHF39. Tissue plasminogen activator (tPA) has also been 

shown to be released from endothelial cells infected with DENV and found in higher 

amounts in DHF patients vs. DF patients40, which poses another possible explanation. 

Finally, increased levels of macrophage migratory factor (MIF), a protein that is released 

in response to inflammation, sepsis, and shock, was found among DHF patients in a 

study carried out by Chen et al. They propose that MIF can serve as a potential predictor 

of dengue severity and clinical outcomes among patients41. 

The differences in the findings between these studies reflect a current limitation 

for the use of biomarker studies on a large scale. The patient cohorts used in the studies 

were highly variable and reflected differences in age, location, nationality/ethnicity, and 

distribution of primary vs. secondary infections. This makes comparing studies very 
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difficult. Furthermore, the use of a case vs. control study design prevents researchers 

from determining which cytokines are indicators and predictors of DHF, which would 

be more apparent in a cohort study. Most studies do not follow up the retrospective 

studies that are performed with prospective studies to determine if the identified 

cytokines are actually predictive of severe DHF among the population32. While the 

consistency of data between populations is still a limitation, researchers should strive to 

implement appropriate, effective measures and study designs in order to improve 

external validity and reach a better consensus on the main biomarkers for severe 

dengue. 

The research on potential biomarkers of severe dengue up until recently has 

mainly been focusing on cytokines and chemokines. The following section discusses 

other biomarkers that have been implicated in the pathogenesis of severe dengue, and 

that could be used as potential biomarkers. This includes chymase, a biomarker of 

increasing importance, and how the role of Mast Cells (MCs) contribute to its production 

and overall dengue severity. 

1.3 Role of mast cells in dengue severity identifies novel 
biomarkers 

MCs are cells that are part of the innate immune system, the body’s first line of 

defense against infectious disease. They primarily reside near blood and lymphatic 

vessels, where they can be activated via the cross-linking of specific antibodies that are 
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bound to the surface receptors of antigens (molecules that can elicit an immune 

response). A defining characteristic of MCs is the granules that they contain, which 

consist of a variety of inflammatory and vasoactive substances. Histamine, tryptase, 

tumor necrosis factor (TNF) and chymase are some proteins that MCs store and release 

immediately during the process of ‘degranulation’. In addition to releasing their 

granule-bound mediators, MCs also synthesize soluble mediators such as cytokines and 

leukotrienes that aid in the inflammatory response. These two processes (degranulation 

and the de novo synthesis of mediators) promote inflammation in blood vessels, increase 

permeability, and allow other immune cells to travel to the infection site and clear 

pathogens42. As first responders, MCs can recognize and act on invading pathogens 

within minutes or seconds of an infection. This establishes the essential and protective 

role of MCs in the body’s response to pathogens43. 

MCs have been observed to exhibit specific responses depending on the type of 

pathogen present. Most viruses promote cytokine production, as is the case with HIV 

infection. Conversely, DENV can activate MC degranulation (to what extent this occurs 

during other viral infections is unclear). There are examples of increased MC activity 

among virus-infected humans and other organisms. In one study, higher amounts of 

MCs were found in the lungs of rodents and humans infected with respiratory viral 

infections when compared to uninfected controls. Consequently, there are instances 

where virus-activated mast cells play a pathogenic role to the human host. Mast cells 
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infected with HIV, for example, act as a reservoir for the latent (dormant) form of the 

virus43. 

St. John et al.’s research on the relationship between DENV infection and MC 

responses has yielded crucial information on how severe dengue is associated with 

heightened MC activation19. A characteristic of DHF is increased vascular permeability 

and plasma leakage, which is also caused by MC activation. DENV-infected animals that 

lacked MCs showed reduced vascular permeability compared to animals that did, which 

suggest that MCs are not only activated during DENV infection, but also contribute to 

increased vascular permeability and leakage. TNF, leukotrienes, and proteases that are 

released by MCs during degranulation mediate vascular leakage during infection19. 

One MC product released during DENV infection that is of great interest is 

chymase. Chymase is a protease, produced in vivo only by MCs, which can promote 

sustained vascular leakage over long periods of time and can signal that other proteases 

and mediators released by MCs are also present. Based on this, serum samples collected 

from Singapore’s EDEN study were tested for levels of chymase. In these human clinical 

samples, those that progressed to DHF exhibited elevated levels of chymase (indicative 

of heightened MC activation) in their blood serum19. Among all of the patients that were 

infected with DENV, those that progressed to DHF/DSS had significantly higher 

chymase levels than DF patients alone, suggesting that levels of chymase in blood serum 

are correlated with dengue severity10. Based on these initial findings, it was proposed 
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that physicians may be able to utilize elevated chymase levels as an indicator for severe 

DENV infection in its early stages19. However, since this study was performed on an 

isolated population, it remained unclear the extent to which these findings would be 

applicable to other dengue patient populations.  

Interestingly, chymase was shown to be released in higher levels in secondary 

DENV patients. Mechanistic studies to assess whether antibodies can enhance MC 

degranulation have been able to demonstrate that the presence of immune complexes 

promote such an antibody-dependent enhancement (ADE) response among patients that 

were re-infected with a similar DENV serotype. MC’s contain a wide range of Fc 

receptors that allows it to bind to various antibodies, of them IgG. When non-

neutralized DENV is present in the body, IgG binds and forms an immune complex, 

which then binds and cross-links to the Fc receptor of MCs with high affinity. Not only 

does this allow the MC to take in the immune complexes via receptor-mediated 

endocytosis, but it further sensitizes the MCs to degranulation. Research has shown that 

sensitization of MCs with IgG that are cross-reactive for the DENV serotypes result in a 

significant increase in MC degranulation and increased vascular leakage (as represented 

by increased levels of hematocrit in mouse models)18. 

The presence of IgE antibodies also induce MC degranulation when MC-bound 

IgE binds to the DENV antigen. In Sanchez et al’s study, peritoneal mast cells from 

DENV-2 immunized and non-immunized mice were sensitized to an anti-DENV-2 
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antiserum which contained IgE antibodies44. When these mast cells were challenged 

with the viral antigen, degranulation occurred that was dependent on the concentration 

of the antigen. Furthermore, this degranulation could be stopped by heating the 

antiserum. This indicated that a thermolabile antibody, IgE, was present in the 

antiserum and responsible for the mast cell response against DENV-2. The production of 

anti-DENV IgE was also studied, further supporting the results44. These results showed 

that IgE is also theoretically capable of inducing MC degranulation to DENV, in 

addition to IgG.  

MC activation is also present in many allergic diseases, including asthma. 

Asthma is a complex inflammatory lung disorder that is characterized by rapid 

constriction of the bronchioles, excessive mucus production, and airway remodeling. 

Researchers have reported that MC numbers are elevated in the airway smooth muscle 

of asthmatic patients. Because asthma is an allergic reaction, MCs contribute to the 

contraction of airway smooth muscle, among many other mediators. MC’s integration 

with allergens in the bronchi facilitate an inflammatory response45. While researchers 

have not studied the role of chymase in asthma extensively, it is nonetheless expressed 

in MCs that are found in the airway smooth muscle of asthma patients. Furthermore, 

chymase has been shown to degrade the peri-cellular matrix of the airway smooth 

muscle46.  The association of elevated levels of chymase with both severe dengue and 



 

 

19 

asthma, as well as the association of asthma with severe dengue in certain studies, 

warrants further study. 

1.4 Study aims 

It is possible that there is a relationship between elevated chymase levels and the 

presence of the other risk factors for severe dengue that have been discussed.  If such a 

relationship is made, physicians can look for these risk factors in DENV-infected 

patients, corroborate that with blood serum tests for chymase, and better predict the 

severity of infection. Using a bank of patient serum and accompanying clinical data from 

a patient cohort in Sri Lanka, the aims of our study were:  

 

 Aim 1: to determine if there is an association between severe dengue and 

chymase levels,  

 Aim 2: to determine if there is an association between various risk factors and 

chymase levels, and  

 Aim 3: to determine the relationship between these risk factors and severe 

dengue.  

We hypothesize that elevated serum chymase levels will be associated with increased 

dengue severity among patients and that certain risk factors will also be associated with 

elevated chymase. 
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2. Methods 

We conducted a retrospective study, using data from a surveillance study that 

was conducted in Sri Lanka from 2012-2013. A combination of questionnaire data filled 

in by the participants and matching blood serum samples which were laboratory tested 

for levels of chymase, were used for our analysis. Samples for each patient were 

collected 2-3 days after they presented with febrile symptoms at the time of enrollment 

in the research study, while the clinical diagnosis (DF vs. DHF) for each patient was not 

made until later. The criteria for the diagnosis of DF and DHF were based on the pre-

2009 WHO guidelines for dengue classification3.  

2.1 Setting 

Sri Lanka is an island that is located 33 km south of India in Southeast Asia. The 

country has experienced a sudden and persistent increase in DHF cases in recent 

decades. Small outbreaks of DHF/DSS occurred from 1965-1966, with regular outbreaks 

beginning in 1989. Around this time, 206 DHF cases were reported. This was a 

significant increase from previous epidemics, where no more than 10 cases were 

recorded. Since 1989, DHF incidence rates are more than 800 cases per year47. Based on 

the circumstances of DENV infection in this region, and given Southeast Asia’s history 

of DENV, Sri Lanka is an appropriate setting to conduct DENV research to better 

understand what various risk factors, if any, contribute to the development of severe 
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dengue. We hope that our findings can be extrapolated to other regions where DENV is 

prevalent. 

2.2 Participants 

Since this was a retrospective study, patients were not recruited and assessments 

were performed using a bank of serum samples and a database of matched, coded data.  

2.3 Procedures 

Samples were originally obtained by the Ministry of Health in Sri Lanka and 

provided by the Dengue Tools Project48. All patients provided samples with informed 

consent. Overall, samples from 291 patients were used for this study. 

Serum chymase levels from each sample were collected using the Human Mast 

Cell Chymase I (CMA-I) ELISA Kit from BlueGene Biotech according to the 

manufacturer’s instructions49. The laboratory technique applied is referred to as a 

competitive enzyme-linked immunosorbent assay (competitive ELISA), which is used to 

measure the amount of a specific protein in a serum sample. The samples were 

processed in the Program for Emerging Infectious Diseases lab at Duke-NUS Graduate 

Medical School in Singapore.  

The principle of the assay is as follows. 100 µl of the serum samples that were 

previously prepared and diluted for use are first added (together with a buffer solution) 

to a 96-well, pre-coated ELISA plate, which contains an anti-CMA-I antibody. In 

addition, 100 µl of PBS solution is added to a “blank” control well. No other samples are 
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added to this well. The anti-CMA-I antibody will only bind to the chymase protein 

found in the serum, therefore providing high specificity. Next, 50 µl of a CMA-I-HRP 

conjugate is mixed with the samples in each well (except the control well). The conjugate 

consists of chymase (that was provided by the testing kit) combined with an enzyme, 

HRP, that is able to produce a color change when incubated with the appropriate 

substrate. Once the unconjugated serum chymase samples are mixed with the CMA-I-

HRP conjugate in the plate, both will compete for binding to the anti-CMA-I antibody 

that is present. The plate is then covered and left to incubate for 1 hour at 37 degrees 

Celsius.  

After the incubation period, the mixture is removed from the plate and washed 

five times using a 1x washing solution, in order to remove any unconjugated and 

conjugated chymase that did not bind to the antibody. Next, 50 µl each of two substrates 

(A & B) are added to the empty wells (including the control) and incubated for 10-15 

minutes at 37 degrees Celsius. The substrates added are colorless, which eventually 

produce a color upon reacting with any bound CMA-I-HRP conjugate in the plate 

during incubation. After the incubation period, 50 µl of a stop solution is added to all 

wells, which produces a visible, yellow color.  

Finally, the Optical Density (O.D.) of each of the wells is measured using a 

microplate reader at 450 nm. This determines the intensity of the color in each well, 

which indicates the level of the CMA-I-HRP conjugate that was bound. Depending on 
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the levels of unconjugated chymase in each serum sample, the O.D. (and thus the 

intensity of the yellow color) is inversely proportional to the levels of unconjugated 

serum chymase. Therefore, the lighter the color, the more chymase that is present in a 

given serum sample. 

Chymase levels were calculated using a standard curve. The O.D. values were 

subtracted from the value measured in the control well and plotted on a curve, with the 

X-axis representing the O.D. values obtained and the Y-axis representing the 

concentration of chymase. 

2.4 Measures 

2.4.1 Clinical parameters of questionnaire 

The questionnaire developed in the surveillance study was our first measure for data 

analysis. It included a variety of demographic, social, laboratory, and clinical 

information relating to a participant’s dengue illness that clinical staff recorded. For each 

participant, demographic information such as age and sex were included. With respect 

to the aims of our study, we used questionnaire items that provided information on each 

participant’s clinical manifestations as a result of DENV infection. This included 

previous medical history that they may have had. The participant’s clinical diagnosis of 

dengue disease, whether DF or DHF, was also used.  
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An extensive list of dengue symptoms were recorded in the database. Symptom 

classifications associated with DHF were also included, such as signs of shock and 

evidence of plasma leakage. Pre-existing conditions (PECs), if known, were noted.  

2.5 Analysis 

Both the clinical data and chymase data were compiled, imputed, and analyzed 

using IBM SPSS Statistics for Windows (Version 23; SPSS Inc., Chicago, IL, USA). In 

order to analyze the data more efficiently, the symptoms and PECs recorded in the 

coded data set were grouped into categories prior to conducting the analysis. Because 

our investigation focuses on determining which risk factors are associated with 

developing severe dengue, the coding for dengue clinical diagnosis was categorized into 

two groups: participants who received a DF diagnosis (including those with minor 

bleeding symptoms), and those who received a DHF diagnosis. Participants who did not 

have a clinical diagnosis and chymase data available were excluded from the analysis. 

Descriptive statistics were carried out to determine the distribution of the 

chymase level data within the sample. The distribution of chymase data by DF/DHF 

diagnosis, sex, and age was also generated. All test results were considered statistically 

significant at the α = 0.05 probability level.  

A Pearson’s correlation test was run to determine the dependence of chymase 

and DF/DHF diagnosis on symptoms and PECs (Aims 1-3). If any statistically significant 

associations were present, a t-test was run to compare the mean chymase levels between 
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patients who did and did not have the variable of interest and determine if the mean 

differences were statistically significant (Aims 1-2). 

 In order to determine the association between various risk factors (symptoms, 

PECs)/DHF diagnosis and chymase levels (Aim 1-2), a multiple linear regression 

analysis was run, with chymase levels being the dependent variable and the DHF 

clinical diagnosis, symptom, and PEC variables as the independent variables (IVs). A 

regression was also run for DHF diagnosis as the dependent variable, in order to see if 

symptom, and/or PEC variables significantly predicted DHF. Odds and risk ratios were 

calculated, comparing DHF diagnosis with variables that were statistically significant 

after running Chi squared tests (Aim 3). 

We also wanted to compare the relationship between DHF diagnosis/risk factors 

and chymase levels between those who were <9 years old, 9-18 years, 19-44 years, and 

44+ years, to see if age is a potential risk factor for severe dengue. Of the 291 subjects, 5 

did not have age data available, and were thus excluded from this portion of the 

analysis. 
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3. Results 

3.1 Descriptive statistics 

There were a total of 291 patients included in our analysis, of them 54% were 

male and 46% were female (Table 1). When stratified by age, 16.2% of subjects were <9 

years old, 23% were between 9-18 years, 48.5% between 19-44 years, and 10.7% were 44+ 

years old. Five participants (1.7%) did not have their age recorded. With regards to 

diagnosis, 76% of patients were diagnosed with DF, while 24% were diagnosed with 

DHF.  

 

3.2 Relationship between chymase levels and severe dengue 

We ran a Pearson’s rho correlation to determine the relationship between the 

chymase and DF/DHF diagnosis, symptom, and PEC variables (Table 2). For dengue 

N %

Male
156 54

Female
135 46

<9 Years
47 16.2

9-18 Years 67 23

19-44 Years 141 48.5

45+ Years
31 10.7

Missing
5 1.7

Dengue Hemmorhagic 

Fever (DHF)
70 24

Denge Fever (DF) 221 76

Sex

Dengue Diagnosis

Age

Table 1. Descriptive statistics of Sri Lanka study patients 



 

 

27 

diagnosis, a DF diagnosis was significantly correlated with lower chymase levels at a 

moderate level (r = -0.330, p = <0.001). An opposite trend was seen with the DHF 

diagnosis (r = 0.330, p = <0.001): being diagnosed with severe dengue was moderately 

correlated with increasing chymase levels. Most of the symptom variables inputted had 

correlations with chymase levels that were not statistically significant. Obesity, however, 

was the only PEC that was shown to have a strong correlation with increased chymase 

levels (r = 0.229, p = <0.001).  
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Table 2. Parametric correlations between chymase levels, dengue diagnosis, and risk factors

chymase

DHF 

Diagnosis 

Present

DF 

Diagnosis 

Present

Cardiovascular 

PEC Present

Diabetes PEC 

Present

Lung PEC 

Present

Obesity PEC 

Present

Cerebrovascular PEC 

Present

Musculoskeletal 

PEC Present

Liver PEC 

Present

General 

Symptoms 

Present

Head 

Symptoms 

Present

Respiratory 

Symptoms 

Present

Gastrointestinal 

Symptoms Present

Hemmorhagic 

Symptoms 

Present

Other 

Symptoms 

Present

Complications 

Present

Signs of 

Shock 

Present

Warning 

Signs 

Present

Evidence of 

Plasma 

Leakage 

Present

Pearson 

Correlation
.330

**
-.330

** -.005 -.039 -.021 .229
** -.025 -.004 -.023 -.043 -.055 .050 .031 .006 -.042 .000 .013 .027 .059

Sig. (2-tailed) .000 .000 .936 .511 .727 .000 .668 .942 .693 .464 .352 .394 .597 .923 .479 .994 .831 .652 .320

N 291 291 291 291 291 291 291 291 291 291 291 291 291 291 291 291 291 291 291

Pearson 

Correlation
-1.000

** .006 -.037 -.066 .069 .003 .049 -.033 -.054 -.088 .021 .117
*

.123
* -.054 .200

** .063 .149
*

.402
**

Sig. (2-tailed)
0.000 .919 .526 .259 .240 .965 .402 .574 .358 .133 .720 .047 .036 .358 .001 .284 .011 .000

N

291 291 291 291 291 291 291 291 291 291 291 291 291 291 291 291 291 291

Pearson 

Correlation
-.006 .037 .066 -.069 -.003 -.049 .033 .054 .088 -.021 -.117

*
-.123

* .054 -.200
** -.063 -.149

*
-.402

**

Sig. (2-tailed)
.919 .526 .259 .240 .965 .402 .574 .358 .133 .720 .047 .036 .358 .001 .284 .011 .000

N
291 291 291 291 291 291 291 291 291 291 291 291 291 291 291 291 291

DF Diagnosis 

Present

chymase

DHF Diagnosis 

Present
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Next, a multiple regression analysis was run with the DHF diagnosis, symptom, 

and PEC variables combined in order to determine which one(s) predicted increased or 

decreased chymase levels (Table 3). A DHF diagnosis was found to significantly predict 

increased chymase levels (p = <0.001). This was also true for the Obesity PEC (p = 

<0.001). The other symptom and PEC variables did not contribute significantly.  
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Table 3. Multiple regresion coefficients with chymase level as dependent variable and dengue 

diagnosis/risk factors as independent variables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Standardized 

Coefficients

B Std. Error Beta

(Constant) 3.146 .521 6.034 .000

DHF Diagnosis 

Present
4.760 .856 .343 5.563 .000

General 

Symptoms 

Present

-.889 5.805 -.026 -.153 .878

Head Symptoms 

Present
.181 4.716 .005 .038 .969

Respiratory 

Symptoms 

Present

.649 1.027 .044 .632 .528

Gastrointestinal 

Symptoms 

Present
-.008 1.309 -.001 -.006 .995

Hemmorhagic 

Symptoms 
-.432 1.086 -.024 -.398 .691

Other Symptoms 

Present
-.319 4.147 -.009 -.077 .939

Complications 

Present
-1.239 1.337 -.059 -.926 .355

Signs of Shock 

Present
-.022 1.221 -.002 -.018 .985

Warning Signs 

Present
.198 1.102 .013 .180 .858

Evidence of 

Plasma Leakage 

Present
-.851 1.503 -.042 -.566 .572

Cardiovascular 

PEC Present
-.497 1.510 -.021 -.329 .742

Diabetes PEC 

Present
-.923 1.703 -.037 -.542 .588

Lung PEC 

Present
.600 2.918 .012 .205 .837

Obesity PEC 

Present
8.632 2.249 .223 3.838 .000

Cerebrovascular 

PEC Present

-2.401 2.986 -.047 -.804 .422

Musculoskeletal 

PEC Present
-1.634 2.633 -.036 -.621 .535

Liver PEC 

Present
.076 6.384 .001 .012 .991

Model

Unstandardized Coefficients

t Sig.
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Drawing from the correlation and regression results, we ran an independent 

samples T-test in order to compare mean chymase levels between patients that did and 

did not have a DHF diagnosis or obesity. Those who were diagnosed with DHF had 

statistically significantly higher chymase levels than those who were diagnosed with DF 

(Figure 1). Furthermore, patients who were obese had statistically significantly higher 

chymase levels than those who were not (p = <0.001) (Figure 2.).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Mean chymase levels between patients with a DHF diagnosis and without a DHF 

diagnosis. Differences in chymase levels were statistically significant (p = <0.001) via 

Student’s independent samples T-test. Those what were not diagnosed with DHF (n = 221) 

had a mean level of 3.13 ng/mL. Those diagnosed with DHF (n = 70) had a mean level of 7.07 

ng/mL. Error bars represent the standard error of the mean. 
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3.3 Relationship between risk factors and severe dengue 

All of the PEC and most of the symptom variables were not significantly 

correlated with either DF or DHF diagnosis. When running correlation tests, 

gastrointestinal symptoms, hemorrhagic symptoms, complications, warning signs, and 

evidence of plasma leakage were significantly correlated with a DHF diagnosis (Table 2). 

Figure 2. Mean chymase levels between obese and non-obese patients. Patients who were 

obese had significantly elevated chymase levels over non-obese patietns. Differences between 

chymase levels were statistically significant (p = <0.001) via a Student’s independent samples T-

test. Those who were not obese (n = 284) had a mean level of 4.01 ng/mL. Those who were 

obese (n = 7) had a mean level of 12.9 ng/mL. Error bars represent the standard error of the 

mean. 
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A multiple regression was run with DHF diagnosis as the dependent variable, 

inputting the symptom and PEC independent variables together (Table 4). We found 

that an evidence of plasma leakage (p = <0.001), a warning sign of DHF based on the 

WHO classification scheme3, significantly predicted DHF diagnosis. The Obesity PEC 

was not a statistically significant predictor.  
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Table 4. Multiple regression coefficients with DHF diagnosis as dependent variable 

and risk factors as independent variables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Standardized 

Coefficients

B Std. Error Beta

(Constant) .210 .035 6.074 .000

General 

Symptoms 

Present

.460 .410 .186 1.123 .262

Head Symptoms 

Present
-.512 .332 -.184 -1.541 .124

Respiratory 

Symptoms 

Present

.032 .073 .030 .436 .663

Gastrointestinal 

Symptoms 

Present

.065 .093 .076 .703 .483

Hemmorhagic 

Symptoms 

Present

.085 .077 .066 1.102 .271

Other Symptoms 

Present
-.115 .293 -.047 -.392 .695

Complications 

Present
.051 .095 .033 .539 .590

Signs of Shock 

Present -.128 .086 -.150 -1.492 .137

Warning Signs 

Present
-.048 .078 -.042 -.610 .543

Evidence of 

Plasma Leakage 

Present
.615 .100 .418 6.181 .000

Cardiovascular 

PEC Present
-.041 .107 -.024 -.381 .704

Diabetes PEC 

Present -.019 .120 -.010 -.157 .875

Lung PEC 

Present
-.163 .206 -.044 -.790 .430

Obesity PEC 

Present
.264 .158 .094 1.665 .097

Cerebrovascular 

PEC Present
-.180 .211 -.049 -.854 .394

Musculoskeletal 

PEC Present
.082 .186 .025 .441 .660

Liver PEC 

Present
.007 .452 .001 .016 .988

Model

Unstandardized Coefficients

t Sig.
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Odds and risk ratios were calculated between DHF and the symptom variables 

that were found to be statistically significant after running Chi-squared tests (Table 5). 

Patients who had hemorrhagic symptoms, complications, warning signs, and/or 

evidence of plasma leakage were significantly more likely to receive a DHF diagnosis, 

based on the odds ratios that were calculated. Those who experienced plasma leakage, 

for example, were around 15 times more likely to be diagnosed with DHF compared to 

those who did not. 

 

 

 

 

 

 

 

3.4 Age-specific differences for the relationship between 
chymase levels and severe dengue or risk factors 

We compared the relationships between both DHF diagnosis and chymase levels 

and risk factors and chymase levels between those who were <9 years old, 9-18 years, 19-

44 years, and 44+ years. A Pearson correlation test was first evaluated within each age 

group in order to determine the correlation between chymase levels, DHF diagnosis, 

and symptoms/PECs. For all of the age groups except 44+ years, there was a statistically 

Risk Ratio

Odds Ratio for DHF Diagnosis? 

(Yes/No) Chi-square Sig. (2-sided)

Yes 11.050

No 0.720

Yes 1.935

No 0.847

Yes 3.420

No 0.861

Yes 1.922

No 0.893
0.041

<0.001

Complications?

Hemmorhagic 

Symptoms?

Warning Signs?
2.283 0.017

3.972 0.002

2.152

Plasma Leakage?
15.357

Table 5. Risk ratios and odds ratios for statistically significant dengue risk factors 

 

Figure 3. Mean chymase levels bewteen age groupsTable 6. Risk ratios and 

odds ratios for statistically significant DENV risk factors 

 

Figure 4. Mean chymase levels bewteen age groupsTable 7. Risk ratios and 

odds ratios for statistically significant DENV risk factors 

 

Figure 5. Mean chymase levels bewteen age groupsTable 8. Risk ratios and 

odds ratios for statistically significant DENV risk factors 

 

Figure 6. Mean chymase levels bewteen age groupsTable 9. Risk ratios and 

odds ratios for statistically significant DENV risk factors 

 

Figure 7. Mean chymase levels bewteen age groupsTable 10. Risk ratios and 

odds ratios for statistically significant DENV risk factors 

 

Figure 8. Mean chymase levels bewteen age groupsTable 11. Risk ratios and 

odds ratios for statistically significant DENV risk factors 
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significant correlation between a subject’s DHF diagnosis and their chymase levels. 

Those under 9 had the strongest correlation (r = 0.471 p = 0.001), followed by 9-18 years 

(r = 0.347, p = 0.004), then 19-44 years with the weakest correlation (r = 0.270, p = 0.001). 

With regards to symptoms/PEC variables, Obesity was the only one found to be 

significantly correlated with chymase levels among those 19-44 years (r = 0.487, p = 

<0.001). 

When looking at the multiple regression results for each age group, a DHF 

diagnosis was a statistically significant predictor of high chymase levels for the <9 years 

(p = < 0.001), 9-18 years (p = 0.021), and 19-44 years age groups (p = 0.008). Obesity was 

also a statistically significant predictor of chymase levels among those 19-44 years (p = 

<0.001). Overall, the <9 age group had the highest mean serum chymase levels (Figure 3), 

but differences in the mean between all groups were not statistically significant. 

Furthermore, the age group had the largest proportion of subjects who were diagnosed 

with DHF; differences in proportions were statistically significant (Table 6). 
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Table 6. Prevalence of specific dengue symptoms between age groups. 

 

< 9 Years 9-18 Years 19-44 Years 45+ Years

Count 18 11 31 7 67

% 38.3% 16.4% 22.0% 22.6% 23.4%

Total 47 67 141 31 286

Total

Age (Category)

YesDHF Diagnosis Present

Figure 3. Mean chymase levels bewteen age groups among all patients. Patients <9 had the 

highest mean chymase values over the other age groups.  The mean chymase value was 5.88 

ng/mL for the < 9 years group, followed by 4.19 for 9-18 years, 3.83 ng/mL for  19-44 years, and 

3.35 ng/mL for 45+ years. The difference in mean chymase values was not statistically significant 

(p = 0.414) after running a 1-way ANOVA. Error bars represent the standard error of the mean. 
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4. Discussion 

I conducted a retrospective analysis in order to determine whether elevated 

chymase levels led to the development of severe dengue (DHF) among Sri Lankan 

dengue patients by measuring their serum chymase levels. The data supported our 

hypothesis for Aim 1, as higher chymase levels were associated with patients receiving a 

DHF diagnosis. Furthermore, multivariate linear regression showed that elevated 

chymase levels predicted a DHF diagnosis for both child and adult patients. Conversely, 

lower chymase levels were associated with patients that received a DF diagnosis. This is 

consistent with previous research that showed that serum chymase levels were an 

effective biomarker for severe dengue among adults in a patient cohort in Singapore21. 

Obesity was correlated with (and predicted) elevated chymase levels. Recent 

findings indicate that obesity may be an important risk factor for mast cell-related 

conditions. Zhang et al’s research suggests a link between increased mast cell activation 

and obesity50. Inflammation plays a large role in obesity, and mast cells are involved in 

many mechanisms of inflammation. Even though the exact role that mast cells play in 

the pathogenesis of obesity is still not fully understood, researchers staining white 

adipose tissue among obese patients were able to show increased numbers of mast cells 

when compared to lean patients50. It is possible that increased mast cells among obese 

patients can lead to elevated chymase levels during DENV infection, thus making it 

more likely for them to develop DHF. However, this relationship is not clear, 
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particularly since obesity itself was not predictive of DHF. In Asian countries like Sri 

Lanka, the incidence of non-communicable diseases such as obesity, diabetes, and heart 

disease are on the rise. Lifestyle changes among multiple socioeconomic classes, in 

combination with the preference for high carbohydrate, sugar, and fat diets, contribute 

to this epidemiological shift51. An article reviewing current management strategies 

against DENV recommended that hospitals should admit certain patients who are in the 

critical stage of DENV infection early on for in-ward management. Such patients include 

those who exhibit PECs such as obesity, which can complicate their DENV infection52. 

When determining the relationship between risk factors and severe dengue 

diagnosis (Aim 3), the presence of hemorrhage, complications, evidence of plasma 

leakage, and other warning signs (as defined by the WHO diagnosis criteria for severe 

dengue, which include abdominal pain, persistent vomiting, fluid accumulation, 

lethargy, and liver enlargement3) were significantly associated with a DHF diagnosis. In 

addition, these symptoms significantly increased the chances of a DHF diagnosis among 

adults more than children. This was to be expected, as most of these symptoms are 

critical components of the diagnostic criteria for DHF. Lum et al determined that the 

strongest risk factors for hemorrhage among DHF and DSS patients included prolonged 

shock, plasma leakage, and bleeding23.  

Our age-stratified analysis showed that patients who were under age 9 had the 

highest chymase levels and the largest proportion of DHF cases compared to other age 
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groups. These findings bring into the light the importance of monitoring this age group 

closely during clinical trials for a DENV vaccine, as research suggests that such a vaccine 

may have a decreased efficacy among this high-risk group. Two phase 3 clinical trials 

assessing the CYD-TDV vaccine were conducted between 2014 and 2015. Each trial 

assessed the efficacy of the CYD-TDV vaccine among children ages 2-16 years old in the 

Asian-Pacific region and Latin America. From their findings, CYD-TDV vaccine 

efficacies were found to be lower among participants under 9 years of age (44.6%), as 

opposed to those who were over 9 years (65.6%)53. Whether the difference in efficacy is 

due to physiological differences between children and adults, or due to the proportion 

of children that have a primary versus secondary DENV infection, is still unclear.     

As part of our data analysis, we were interested in determining the relationship 

between asthma and allergies (as a pre-existing condition) and elevated chymase 

levels/DHF diagnosis. However, this proved difficult to determine. This may reflect 

difficulties in obtaining information on conditions that are self-reported (such as 

asthma/allergies). More emphasis should be placed on such a relationship, however. The 

International Study of Asthma and Allergies in Childhood (ISAAC) conducted a cross-

sectional study in 97 countries in order to measure the global prevalence and severity of 

asthma symptoms in children. While most ISAAC centers in the Indian Subcontinent 

had low prevalence rates of severe asthma among children aged 6-15 years (<2.5%), Sri 

Lanka was one of the few centers that had the highest (>7.5%)54. In light of these 
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findings, a large portion of patient samples need to contain asthma/allergy data for 

proper analysis, which was not the case for our dataset. 

4.1 Implications for policy and practice  

Because it is difficult to distinguish between mild and severe dengue cases prior 

to the presence of plasma leakage, this results in patients being unnecessarily 

hospitalized. Only severe dengue cases should be hospitalized, as they would benefit the 

most from the medical resources22. Unfortunately, there is a lack of 

diagnostic/prognostic tools available to distinguish such cases from non-severe ones 

early on. By developing such tools and incorporating them with existing ones, the 

diagnostic accuracy can be improved. This can help reduce the number of unnecessary 

hospitalizations, free up limited medical resources that can be made available to severe 

dengue patients, and improve health outcomes in such patients by virtue of them being 

identified as being at risk for severe dengue earlier.  

One way to accomplish this is by combining existing diagnostic tests with 

measuring serum levels of chymase and other relevant biomarkers that have been 

shown to be implicated in the progression to DHF among at-risk patients. Recent 

research has begun to assess such an approach. Potts et al. conducted a prospective 

study among Thai children diagnosed with febrile illness and developed a diagnostic 

decision tree in order to determine which patients had severe dengue, mild dengue, or 

another febrile illness22. Researchers ran a classification and regression tree (CART) 
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analysis, which utilized laboratory tests (% monocytes, lymphocytes, neutrophils, 

evidence of severe plasma leakage, etc.) and patient data to develop the diagnostic 

algorithms. Overall, the algorithms were able to correctly distinguish 97% to 99% of 

patients with severe dengue from non-severe dengue within 3 days of illness22. 

However, the algorithm only correctly excluded 48% of cases that were non-severe55. 

Among a cohort of Venezuelan patients infected with DENV, Brasier et al ran a similar 

CART analysis, in addition to a logistic regression model for comparison (which 

provides probabilistic information for the development of DHF). Differing from Potts et 

al, IL-10 concentrations and platelet counts were among the indicators included in the 

biomarker panel55. It was determined that elevated IL-10 levels measured within 1 week 

of fever was highly correlated to the risk of developing DHF, and resulted in an 84.6% 

accuracy in diagnosing DHF. Furthermore, when combined with the presence of low 

platelet counts, IL-10 levels improved the predictive accuracy of identifying a DHF 

case55.  

While the algorithms in development allow for greater accuracy in diagnosing 

severe dengue, they are highly dependent on what biomarkers are included. Choosing 

the right combination of biomarkers that will not only predict severe dengue in the best 

way, but also mitigate the costs for resources that are needed for such testing, is thus 

beneficial to consider.56. Furthermore, these algorithms can be specifically tailored to 

individual DENV-endemic countries depending on what risk factors are more prevalent 
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in the area. I expect that future diagnostic algorithms can combine the risk factors and 

biomarkers (such as chymase) that are more strongly associated with severe dengue 

than previously identified panels of biomarkers in order to accomplish these goals.  

4.2 Implications for further research 

While this study is necessary to further understand risk factors for severe 

dengue, it is by no means sufficient. Further studies of this nature need to be carried out 

in all DENV-endemic regions, so as to ascertain the similarities/differences in the risk 

factors that are associated with severe dengue between regions. Some factors that can 

influence such differences include the strain of DENV, genetic composition, race, etc. In 

addition, the majority of previous research is retrospective, and can only hint at 

relationships between risk factor(s) and dengue disease severity. When this is coupled 

with patient data that is too old, incomplete, or improperly collected, it can be difficult 

for researchers to draw concrete and generalizable conclusions or suggest causation. 

Large-scale prospective and/or cohort studies are much more appropriate and needed in 

this regard, since they allow researchers to follow patients from the beginning, watch for 

the development of DHF, and relate them to the symptoms, pre-existing conditions, 

and/or co-morbidities the patients may have experienced. These kinds of studies can 

better address the effect of risk factors on developing severe dengue57. In addition, more 

studies are needed assessing the relationship between risk factors and chymase levels. 
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Furthermore, studies in DENV-endemic countries can focus on one particular 

risk factor that is most prevalent in the area in order to make findings more relevant. In 

the case of Sri Lanka, it will be beneficial to better understand what effect obesity has on 

a person developing DHF. Does the effect differ depending on the patient’s BMI? Do 

other demographic and/or socio-economic factors influence the effect? Can health 

systems rely on elevated chymase levels to predict DHF among obese patients?  

4.3 Study strengths and limitations 

While elevated chymase levels were significantly associated with certain risk 

factors, a small percentage of participants presented most of the symptoms that were 

used in the analysis. For example, only 2.4% of all patients were reported to be obese, 

even though these patients had the most elevated chymase levels. However, overall, we 

were able to identify chymase as a promising biomarker for severe dengue within the Sri 

Lankan population, especially among children with dengue, who are at a higher risk of 

progressing to DHF. 
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5. Conclusion 

DENV has caused a considerable amount of disease burden globally. Despite the 

large number of cases that are reported annually, the incidence of severe dengue can be 

controlled and reduced. By understanding what factors contribute to the development of 

severe dengue, public health officials, physicians, and the general public can make more 

informed decisions about methods of prevention and treatment at a much earlier stage. 

As with the multitude of similar studies, we hope that this investigation has shed more 

light into what biomarkers, symptoms, and pre-existing conditions can put patients at 

risk for developing DHF. At some point, case definitions for DF, DHF, and DSS can be 

modified by the WHO to better reflect such risk factors. This will lead to the 

development of improved diagnostic procedures that can help detect and treat severe 

dengue early on. 
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