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ABSTRACT
)Dengue virus infections are a major public health burden worldwide, with an estimated 50 million cases annually. Research has demonstrated the ability of the virus to infect macrophages by binding to the macrophage mannose receptor; however, this mechanism is not completely understood. The gene coding for the receptor, MRC1, has many single nucleotide polymorphisms (SNPs), and the objective of this study was to evaluate the association of two SNPs, rs2296414 and rs34039386, with dengue virus infection in a sample from Recife, Brazil. DNA was extracted from leukocytes purified from blood samples of patients and amplified using PCR. Genotypes were determined using either fluorescence polarization (rs2296414) or restriction digest (rs34039386). A statistically significant association between disease and sex, with females having an increased risk was found for both the rs2296414 and rs34039386 SNPs, OR=2.19 p<0.0001 and OR=2.03 p=0.0008, respectively. A statistically significant difference in symptomatic disease outcome by genotype was found for the rs2296414 site, OR=1.96, p=0.001. For this site a significant association between disease severity and genotype was also found, OR=2.3, p=0.004. The rs34039386 SNP was not found to be significantly associated with either risk for dengue infection or disease severity. Further analysis is needed to more completely assess the association and categorize the risk presented by certain genotypes. These initial findings do fit with other studies that have found significant associations between several SNPs of the MRC1 gene and other infectious diseases such as tuberculosis. The public health significance of this study lies in the potential for advancement in dengue vaccine research and improvements in clinical diagnosis by gaining a better understand of the relationships among the dengue virus, the macrophage mannose receptor and the MRC1 gene.
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[bookmark: _Toc363201440]Objectives
The objective of this study is to investigate if the DNA variants rs2296414 and rs34039386, of the mannose receptor C type 1 (MRC1) gene are associated with dengue disease presenting a patient cohort from Recife, Brazil. This gene codes only for the mannose receptor protein, expressed mainly in macrophages and dendritic cells. Both of these SNPs are in coding regions of the gene, specifically in exons coding for extracellular domains of the macrophage mannose receptor. 
[bookmark: _Toc363201441]Background
[bookmark: _Toc363201442]Dengue
[bookmark: _Toc106513529][bookmark: _Toc106717787]Dengue fever is a diseased caused by a virus of the family flaviviridae, which also includes yellow fever virus, west nile virus and Japanese encephalitis virus. This group of viruses is transmitted via insect vectors, mainly mosquitos. Over 100 million people are at risk for dengue, with an estimated 50 million cases annually, and although it is rarely fatal, there are no treatments or vaccines.(1) In recent years, research into the dengue virus has increased. This is partially due to the expansion of the geographic territory of the Aedes aegypti mosquito vector leading to an increase in the size of the population at risk.(2) At this time, roughly half the world’s population is at risk for dengue infections and the virus is circulating in 100 countries.(2) Humans are the main vertebrate host for dengue with the rare exception of some non-human primates.(3) The treatment for dengue is supportive care only, although most cases require no medical intervention.(3) Due to the extensive geographic distribution of the disease and the number of people at risk for infection, dengue is a large economic burden worldwide.(2, 3) The costs estimates range from US$23-594 per case and US$252-1065 per hospitalized case; however, it is difficult to make accurate estimates of the true economic burden because of differences in classification and reporting systems among endemic countries.(1)  Although the disease is rarely fatal, it often results in missed work or school days for both patients and their family members, who take days off to care for their sick relatives. For these reasons, advancement of our understanding of the virus, its pathogenesis, and vaccine development are essential to address this widespread public health problem.
[bookmark: _Toc363201443]Viral features
Dengue is a single stranded, positive sense RNA virus, meaning that host cells can begin translating the virus immediately to produce proteins without having to form a complementary strand using RNA polymerase.(4) The pathogenesis of the virus is not fully understood. There are 4 serotypes of dengue, with each serotype raising long lasting immunity but only short lived immunity to other serotypes.(1) Therefore, each individual could hypothetically contract the disease four times. This characteristic presents a major challenge in creating an effective vaccine.(1) International travel and global warming have made the presence of all four serotypes in the population more common due to expanded vector ranges and easier circulation of the virus.(2) Vaccines need to protect against all four serotypes because of mounting evidence to support the theory of antibody dependent enhancement, which postulates that antibodies raised to one serotype actually enhance infection by a different serotype, resulting in more severe disease.(5) Although there have been no reports of vaccine antigens causing antibody dependent enhancement of disease in serotypes not included in the vaccine, it remains a serious concern for vaccine researchers.(5)
[bookmark: _Toc363201444]Clinical features
Dengue infection is self-limiting, meaning that it clears without medical intervention, and the majority of patients recover within a week, although adults commonly experience fatigue lasting up to a month after the disappearance of symptoms.(3) The WHO classifies dengue infection into three clinical stages. The first is the febrile stage, begins with the sudden onset of fever lasting between 2-7 days. Other symptoms of the febrile stage include rash, headache, muscle and joint pain, and fatigue. Nausea and vomiting are also frequently seen.(3) During this period there is a rising viremia of the blood and the beginnings of a decreased platelet count.(3) The symptoms of this stage can make diagnosis difficult due to their similarities to those of other common febrile illness such as flu.(3) The second stage of infection is the critical stage. During this period, body temperature has usually returned to normal or may even be slightly lower.(3) Viremia is no longer detectable but there is often an increase in capillary permeability which is evident in a rising hematocrit and rapidly declining platelet count.(3) This capillary permeability generally lasts 24-48 hours and resolves on its own.(3) However, in some cases the symptoms may worsen and lead to internal bleeding and shock.(2, 3) The critical period is the phase in which dengue patients can progress to either severe dengue or dengue hemorrhagic fever.(3) Those that do not develop either of these conditions enter the third phase of infection: recovery.(3) The recovery phase is marked by the reabsorption of fluids lost to capillary permeability and a general improvement in symptoms.(3) Careful fluid management is required during the critical and recovery periods to avoid fluid overload as the body reabsorbs its fluids.(2, 3) The recovery period is often accompanied by general fatigue, especially in adults.(3) 
[bookmark: _Toc363201445]Clinical Classifications
The multiple clinical manifestations of dengue disease are classified into three categories: dengue without warning signs, dengue with warning signs and dengue hemorrhagic fever.(3, 6) This approach was outlined by the WHO in 2009 because of the unsuitability of the previous system, released in 1997.(6, 7) This system used three categories: dengue, dengue hemorrhagic fever, and dengue shock syndrome, but was found to inadequately classify individuals with severe symptoms.(6, 7) The presence of plasma leakage is used in the 1997 system to differentiate dengue fever from dengue hemorrhagic fever.(6, 7) In patients where this leakage progresses to bleeding and shock, the case is reclassified as dengue shock syndrome. The 1997 system is based upon studies conducted in Thailand in the 1960’s and had not been altered much since 1974.(7) It has been found to be especially inadequate in countries where the epidemiology of dengue is dissimilar to the patterns found in Thailand.(7) For example, in Thailand younger patients most commonly exhibit severe dengue symptoms.(7) This is not however the case in Brazil where a different pattern has been described, with severe dengue being more common in adults than in children.(8) 
The current WHO recommended case definition is outlined in Figure 1. Dengue without warning signs is characterized by fever, rash, pain, leukopenia, nausea and vomiting.(3) Patients must exhibit fever and at least two additional symptoms to fit these criteria. Laboratory confirmation of dengue is also sufficient to identify dengue cases, provided that no additional warning signs are present that would warrant classification as dengue with warning signs.(3) Dengue with warning signs is defined by the presence of fever plus any of the symptoms above with additional signs such as persistent vomiting, abdominal pain, liver enlargement, mucosal bleeding, fluid accumulation, or increased hematocrit with low platelet count.(3) These cases need to be admitted to a hospital for close observation because of the possibility of progression to severe dengue.(3)  Classification of cases as severe dengue requires three criteria are met. These include severe plasma leakage, severe hemorrhage, and severe organ impairment.(3) 
Although, many studies have highlighted the improved sensitivity of the 2009 case definitions to the detection of severe dengue, it remains an imperfect tool.(6, 7) Progression to dengue with warning signs or severe dengue can be rapid and clinical judgment remains a cornerstone of dengue case management and treatment of severe dengue.(6, 7) 


[bookmark: _Toc363201481]Figure 1: The 2009 revised dengue case definition (3)
[bookmark: _Toc363201446]Mannose Receptors
[bookmark: _Toc363201447][bookmark: _Toc106513530][bookmark: _Toc106717788]Role in immunity
The mannose receptors family is a composed of C-type lectin proteins.(9) These transmembrane  proteins are expressed on the surface of several different types of cells, especially macrophages and dendritic cells.(10) There is strong evidence that mannose receptors act as pattern recognition receptors (PRRs) and function within the innate immune system to fight microbial infections.(9, 10) While there are several members of C-type lectin family, I will discuss the mannose receptor (MR) in detail. Recent research has documented a number of potential functions of the MR. The MR is postulated to play a role in innate immunity, cell-cell signaling, antigen presentation, and infection of macrophages.(9, 10) 
The MR is capable of binding both endogenous and exogenous ligands, a main piece of evidence for its multiple functions.(9) It has 3 types of extracellular domains: cysteine rich domain (CR), fibronectin type 2 repeat domain (FNII) and carbohydrate recognition domains (CRD).(9, 10) The protein has only one of each of the CR and FNII domains and 8 CRDs.(9) The MR is internalized and recycled to the cell surface regularly, but the binding of a substrate is not necessary for this process.(10, 11) Researchers hypothesize that this mechanism makes it a good candidate for acting as a portal of entry for pathogens looking to infect macrophages.(10) 
[bookmark: _Toc363201448]Role in viral infections
While the full extent of the MR’s role in infection is unknown, it has been a hot topic of research over the past several years. The MR is able to bind to a variety of pathogens: fungal, bacterial, and viral.(9-11) Its ability to bind to the dengue virus was first reported by Miller et al. in 2008.(11) Dengue has been shown to bind to the MR, and also cause active infection of macrophages shortly after binding.(11) Therefore, researchers propose that attachment of the virus to macrophages occurs via the MR and that this step is necessary to infect these cells.(11) Investigators also suggest that macrophages present viral substrates originally bound to the mannose receptor to MHC complexes on the surface of T cells, thus acting as an antigen presenting cell.(10, 11)  
[bookmark: _Toc363201449]MRC1
The MRC1 gene has also become a strong area of research interest since the discovery of the mannose receptor family of proteins. The MRC1 gene codes for only the macrophage MR protein.(12) It is located on chromosome 10 p13 and is comprised of 30 exons and 29 introns.(12, 13) Studies have identified this region of chromosome 10 as containing several other genes coding for C-type lectin proteins.(12) A number of groups have documented the link between polymorphism of the MRC1 gene and both chronic and infectious diseases.(14, 15) 
[bookmark: _Toc363201450]Gene Structure
The 30 exons of MRC1 are all separated by introns.(12) In this study, single nucleotide polymorphisms of exon 3 and 7 were examined. Exon 3 codes exclusively for the single fibronectin type II repeat domain of the mannose receptor protein.(12) This domain is extra-cellular and has been shown to be necessary and sufficient for the binding of collagen.(9, 12) Exon 7 is one of only a few exons in the MRC1 gene that is flanked by introns to separate it from neighboring exons.(12) This exon codes for carbohydrate recognition domain 2 on the mannose receptor protein, making it of particular interest in relation to infection.(12) Exon 7 however only partially encodes this domain; the other parts of the domain are coded by exons 8 and 9.(12) Among the C-type receptor family, it is unusual to have carbohydrate recognition domains coded by several exons.(12) 
[bookmark: _Toc363201451]Single Nucleotide Polymorphisms of Interest
This study examines the association of two single nucleotide polymorphisms of the MRC1 gene and dengue disease. The first, rs2296414, is a C to T change in exon 3, which codes for the fibronectin type II repeat domain.(12) It is a missense mutation resulting in a change in the amino acid sequence of the protein, from threonine to asparagine.(16) The clinical significance of the mutation is currently unknown.(16) The second SNP of interest is rs34039386 that results in an A to G change in exon 7 of the MRC1 gene.(17) It is also a missense mutation leading to a change from glycine to serine in the amino acid sequence. It encodes a portion of the second carbohydrate recognition domain (CRD-2).(12)  

[bookmark: _Toc363201452]Materials and Methods
[bookmark: _Toc363201453]Sample Selection
The samples used for this project are a randomly selected subset of a large cohort of dengue patients collected by the research team of the Department of Virology at the Aggeu Magalhães Research Center in Recife, Brazil.(8, 18) The center is part of the National Oswaldo Cruz Foundation, known as Fiocruz. Blood samples were collected from patients admitted to one of three participating hospitals in Recife for suspicion of acute dengue.(8) The three participating hospitals were Instituto Materno Infantil de Pernambuco, Hospital Esperanca, and Hospital Santa Joana.(8) Samples were taken on the day of admission and 3-4 times after this at different times.(8) Patients were followed in order to classify the clinical outcome of infection (dengue, complicated dengue, dengue hemorrhagic fever).(8) These classifications were created because some cases did not fit into the WHO definitions for either dengue or dengue hemorrhagic fever.(8) This process was done before the WHO released updated classification standards in 2009. All presenting patients over 5 years of age were eligible to participate.(8) Recruitment took place between 2005-2009. (8)
The samples from dengue patients were analyzed to classify the infection as primary or secondary. Primary patients were those without dengue specific IgG antibodies in acute serum during the first days after the start of the fever but with dengue specific IgM followed by the development of an anti-dengue IgG response during convalescence.(8) Secondary cases were those who had detectable anti-dengue IgG in the acute serum samples but were without anti-dengue IgM followed by the development of an anti-dengue IgM response in convalescence, as described by Corderio et al.(8) A mixture of RT-PCR, ELISA, and viral isolation was used to determine the presence/absence of antibodies.(8) 
Controls were collected from volunteers in Recife, Brazil who presented to the Brazilian National Health Surveillance Agency to receive a vaccine for yellow fever (a flavivirus related to dengue) for the first time but who had no prior symptomatic dengue infection, meaning that they may have been previously exposed to the dengue virus but did not contract the disease.(18) Their status was confirmed by serological testing.(18) All subjects older than 10 years were allowed to participant. Enrollment of controls occurred between 2005 and 2009. 
[bookmark: _Toc363201454]DNA Extraction
DNA was extracted from selected samples to be used for genotyping the rs2296414 and rs34039386 SNPs. Extraction of DNA was performed on all samples using a Gentra Puregene kit (catalog number 158722). DNA was suspended in TE buffer (50-200 µl) and stored in a refrigerator. The amount of DNA in samples was quantified using a Nanodrop 1000 spectrometer. For the purposes of genotyping, 100 µl aliquots were diluted to between 10-20 ng/µl to be used for PCR. 
[bookmark: _Toc363201455]genotyping for rs2296414
DNA from patients were used to classify their genotypes as CC, CT, or TT. Genotypes for the SNP rs2296414 were obtained using fluorescence polarization (FP) by the method of Chen et al.(19) DNA was first amplified by PCR. This was followed by a cleanup step using exonuclease I and shrimp alkaline phosphatase to remove unused nucleotide bases. Next, samples were cycled with thermosequenase, and an FP probe (sense 5’-ACTTGAACGGGAATGCACAG-3’ antisense 5’-CTGTGCATTCCCGTTCAAGT-3’). A 1:8 CT dye composed of r110 and TAMARA dyes was used. FP data was analyzed using allele caller software to plot the data and determine genotypes.  An example plot produced by this study is shown in Figure 2. 

[bookmark: _Toc363201482]Figure 2: Example of a scatter plot produced by allele caller
[bookmark: _Toc363201456]Genotyping for rs34039386
Genotypes for the SNP rs34039386 were obtained using restriction digest. Samples were amplified by PCR with sense primer 5’-CATTTGATTTAAAAAGTAGGTTATT-3’ and antisense 5’-CAATTTTCACATTGTGGCATTTTC-3’ and digested with 1x AciI enzyme for 12-16 hours at 39°C. The AciI enzyme digests the 589 base pair fragment amplified by PCR and creates cuts fragments 350 and 239 base pairs long when a G allele is present. The presence of the A allele creates no cuts and the resulting fragment remains 589 base pairs long. An example of the bands is shown in Figure 3. DNA fragments were electrophoresed in a 2% agarose gel with ethidium bromide for roughly 1 hour and developed by UV trans-illumination using a Stratagene Eagle Eye II camera and read with Biorad Quantity One 4.4.0 software. Restriction digest was used over FP because the frequencies of the A and G alleles in the population are unknown. FP works best when rare alleles are at a frequency high enough to ensure that they are present in the sample population. Without the presence of all three genotypes, AA, AG, and GG, the allele caller software is unable to determine genotypes and scatter plots are difficult to read. Difficulty in designing primers for FP due to nearby SNPs was also a factor. In addition, the AciI enzyme and primers were readily available, having been purchased for a previous project. 

[bookmark: _Toc363201483]Figure 3: Example of restriction digest gel
[bookmark: _Toc363201457]Site selection
The choice to examine the single nucleotide polymorphisms rs2296414 and rs34039386 was based on a variety of factors. Rs2296414 has been previously studied and the allele frequencies examined in several populations.(16) The estimated worldwide frequency of the C allele is 0.854 and 0.146 for the T allele.(16) Based on this information, we hypothesized that the sample population would be sufficiently large enough to detect the less frequent T allele. Rs34039386 does not have allele frequency information available through NCBI’s single nucleotide polymorphism database, thus we did not know the expected allele frequencies.(17) However, this site was chosen because it had been previously shown to be significantly associated with reduced susceptibility to Mycobacterium tuberculosis and therefore may also be of interest in other infectious diseases.(15)  
[bookmark: _Toc363201458]Results
[bookmark: _Toc363201459]Sample Demographics
A total of 464 samples were genotyped at the rs2296414 site, 267 dengue patients and 197 controls. For the rs34039386 site, a total of 383 samples were genotyped, 203 cases and 180 controls. (Table 1) There are fewer samples for in the rs34039386 site because of time constraints. These cases can be further classified by clinical diagnosis (Table 2).  The low number of DHF cases is expected given the rarity of the disease. The rs2296414 alleles are in Hardy Weinberg equilibrium in the cases, controls and overall data. However, the rs34039386 alleles are not in HW equilibrium overall or in the controls, but the cases are in HW equilibrium (Tables 3,6 and 14). Possible reasons for this departure from equilibrium are discussed below. 

[bookmark: _Toc363201466]Table 1: Distribution of samples by disease status
	SNP site
	Cases
	Controls
	Total

	Rs 2296414
	267
	197
	464

	Rs 34039386
	203
	180
	383



[bookmark: _Toc363201467]Table 2: Distribution of samples by clinical diagnosis
	Diagnosis
	Rs2296414
	Rs34039386

	Classic Dengue
	108
	82

	Complicated Dengue
	136
	107

	Dengue Hemorrhagic Fever
	23
	14

	Control
	197
	180

	Total
	464
	383





[bookmark: _Toc363201468]Table 3: Summary of P values for Hardy Weinberg calculations
	
	All samples
	Dengue Cases
	Controls

	Rs 2296414
	0.357
	0.138
	0.762

	Rs 34039386
	0.026
	0.639
	0.007


[bookmark: _Toc363201460]Rs2296414 genotypes and Dengue Risk
Potential associations between sex and risk for dengue were first investigated. There were a total of 211 females and 253 males in the sample. Using logistic regression, I found that females are at an increased risk for dengue compared to males, OR 2.19, p<0.0001. (Table 4) Given the increased risk for disease among females, relationships between sex and severe disease (i.e.-complicated dengue or dengue hemorrhagic fever) among dengue patients were also examined using logistic regression. Neither the odds ratio nor the beta estimates for the relationship was significant, (P-value =0.43), therefore there appears to be no increased risk of severe disease associated with sex. 
[bookmark: _Toc363201469]Table 4: Distribution of cases and controls by gender (rs2296414)
	
	Dengue Hemorrhagic Fever
	Complicated Dengue
	Classic Dengue
	Total Number of Cases
	Controls
	Totals

	Female
	16
	66
	61
	143
	68
	211

	Male
	7
	70
	47
	124
	129
	253

	Total
	23
	136
	108
	267
	197
	464


	
Age is another potential confounding factor and the relationship between dengue infection and age was modeled using logistic regression. The resulting odds ratio is 0.98 with borderline significance (p-value=0.0001, 95% confidence interval= 0.97 to 0.99). Therefore, age most likely not related to increased risk for disease in this sample.  
The C allele was more common than the T allele (84.2% versus 15.8% respectively) (Table 5). As stated above, observed genotype frequencies were consistent with Hardy-Weinberg equilibrium expectations, and the sample frequencies are very close to reports of the allele frequencies worldwide. The CC genotype is most common, as is expected based on global estimates of the allele frequencies.(Table 6) 



[bookmark: _Toc363201470]Table 5: Allele frequencies for the rs2296414 SNP
	
	Frequency

	C
	0.842

	T
	0.158



[bookmark: _Toc363201471]Table 6: Summary of genotype frequencies in rs2296414 samples
	Rs2296414
	Count
	Frequency

	CC
	326
	0.703

	CT
	129
	0.278

	TT
	9
	0.019

	Total
	464
	1



Frequency distributions of genotype by case/control status and by clinical diagnosis were calculated. These distributions are presented in Tables 7 and 8. As can be seen, there were very few individuals with the TT genotype. Thus the CT, TT genotype groups were combined prior to performing the logistic analyses. Results of logistic regression to model case/control status by genotype and simultaneously controlling for sex and age, revealed that rs2296414 genotype is significantly associated with dengue disease. Adjusted OR=1.96 and p-0.0007. Individuals with the CT or TT genotype are almost twice as likely to be infected with dengue as those with the CC genotype. I next investigated whether there was a relationship between the two genotype categories and severe clinical outcomes. However, because a patient’s infection type (primary vs. secondary infection) presents a potential confounding factor, I first assessed the association between infection type and severe disease separately, but there was no relationship (OR=1.22, p=0.44). Although infection type was not independently significant, I conservatively included it (as well as age and sex) in the logistic regression model. Results of this analysis revealed that individuals carrying at least one T allele were significantly more likely to have severe disease (OR= 2.3, p=0.004). 
The potential for genotype to influence reinfection was also examined. Logistic regression was used to model this relationship. Genotype is not association with infection type (OR=0.98 p=0.67). 
[bookmark: _Toc363201472]Table 7: Frequency distribution of MRC1 rs2296414 genotypes by disease status
	
	Dengue Cases
	Control

	CC
	171
	155

	CT
	90
	39

	TT
	6
	3

	Total
	267
	197




[bookmark: _Toc363201473]Table 8: Frequency distribution of MRC1 rs2296414 genotypes by clinical diagnosis
	
	Classic Dengue
	Complicated Dengue
	Dengue Hemorrhagic Fever
	Control

	CC
	84
	76
	11
	155

	CT
	23
	58
	9
	39

	TT
	1
	2
	3
	3

	Total
	108
	136
	23
	197



Because the T allele is strongly associated with both risk of dengue infection and severity of disease, I assessed possible differences among patients that were heterozygous for the T allele and patients that are homozygous. The distributions of case/controls and disease severity among cases are presented in Tables 11 and 12. No significant difference was found in the overall risk for dengue between the two genotypes, OR=0.87, 95% CI (0.21, 3.64). There was also no difference in the severity of disease among dengue patients between the two genotypes, OR= 1.72, 95% CI (0.19,15.5). However, due to the low number of TT individuals in the sample, there was not sufficient power for rigorous statistical analysis. 

[bookmark: _Toc363201474]Table 9: Distribution of cases and controls among TT and CT genotypes
	
	Dengue Cases
	Controls

	TT
	6
	3

	CT
	90
	39




[bookmark: _Toc363201475]Table 10: Distribution of severe and classic dengue cases among TT and CT genotypes
	
	Severe Dengue
	Classic Dengue

	TT
	5
	1

	CT
	67
	23


[bookmark: _Toc363201461]Rs34039386 Genotypes and dengue risk
In this sample, the G allele was much more common than the A allele, 64% versus 36% respectively. As stated above, these alleles were not in Hardy-Weinberg equilibrium, there was an excess of both AA and GG individuals and fewer heterozygotes than expected (Table 14). 

[bookmark: _Toc363201476]Table 11: Allele frequencies for the rs34039386 polymorphism
	
	Frequency

	A
	0.358

	G
	0.642




[bookmark: _Toc363201477]Table 12: Observed and expected genotype frequencies for the rs34039386 polymorphism
	
	Count
	Observed Frequency
	Expected Count
	Expected Frequency

	AA
	59
	0.154
	49
	0.128

	AG
	156
	0.407
	176
	0.460

	AG
	168
	0.439
	158
	0.412



The distribution of cases and controls by sex is outlined in Table 15. As expected, results of logistic regression analysis revealed a significant association between sex and disease (OR=2.03, p=0.0008); similar to that described for the rs2296414 site, although fewer samples were available for analysis of the rs34039386 site. There also  was no significant relationship between disease severity and sex (OR=0.84, P=0.5).

[bookmark: _Toc363201478]Table 13: Distribution of cases and controls by sex (rs34039386)
	
	Cases
	Controls

	Females
	106
	63

	Males
	97
	117



No association was observed between genotype and dengue disease for the rs34039386 single nucleotide polymorphism. The distributions of genotypes by cases/control status and clinical diagnosis are presented in Tables 16 and 17.  Results of logistic regression (including sex and age) revealed no association between case/control status (OR=1.05, p=0.75). There was also no significant relationship for severe disease outcomes and genotype (OR=0.81, p=0.35), after adjusting for age, sex and infection type. Potential differences in infection type among genotypes were also examined and were not significant, OR=1.07 p=0.75.   


[bookmark: _Toc363201479]Table 14: Distribution of genotypes by case/control status for site rs34039386
	
	Cases
	Controls
	Total

	AA
	26
	33
	59

	AG
	89
	67
	156

	GG
	88
	80
	168





[bookmark: _Toc363201480]Table 15: Distribution of genotypes by clinical diagnosis for site rs34039386
	
	Classic Dengue
	Complicated Dengue
	Dengue Hemorrhagic Fever
	Controls

	AA
	9
	15
	2
	33

	AG
	33
	51
	5
	67

	GG
	40
	41
	7
	80

	Total
	82
	107
	14
	180


[bookmark: _Toc363201462]Discussion
The increased risk for dengue associated with female sex is consistent with previous reports of the cohort from which samples for this study were selected.(8) It is unclear why females have a significantly increased risk for disease (OR=2.19), but this increase was also observed in the original cohort, indicating that this sample is likely to be representative of the entire cohort. Researchers have hypothesized that the females are more likely to seek care for dengue infection, and therefore seem to have increased reporting compared to males.(8) Additionally, there was no association found between infection type and severity of disease. In general, researchers assume that previous dengue infection is a risk factor for severe dengue (20); however, this relationship is not observed in several studies of Brazilian populations.(8) There was also no difference in the risk for severe dengue by infection type (OR=1.22, p=0.44). Furthermore, there was no association between either the MRC1 rs2296414 (OR=0.98, p=0.67) or rs34039386 (OR=1.07, p=0.75) sites and secondary infection. Therefore these two MRC1 polymorphisms may have no effect on the risk for secondary infection.
The rs2296414 SNP was significantly associated with both apparent dengue infection and disease severity. Individuals who had at least one T allele are twice as likely (adjusted OR=1.96, p=0.001) to have symptomatic dengue infection compared to those with the CC genotype. Furthermore, among individuals infected with dengue, those who were homozygous or heterozygous for the T allele had increased disease compared to individuals homozygous for the C allele (adjusted OR= 2.3, p=0.004). Binding of dengue virus to the mannose receptor plays an important role in the infection of macrophages.(11) Researchers have hypothesized that the ability of the mannose receptor to internalize ligands is key in the infection of macrophages by dengue virus.(11) Therefore, the amino acid change from a threonine to an asparagine (due to the rs2296414 SNP) may increase the ability of the dengue virus to bind to the mannose receptor, resulting in easier entry to, and subsequent infection of macrophages. This amino acid change occurs in the fibronectin domain of the MR, which binds collagen.(9, 21) Research has shown that the dengue virus binds to the mannose receptor at the carbohydrate recognition domains 4-7 (CRD4-7) via the N-linked glycans of the envelope protein (E), and not to either the cysteine rich domain or the fibronectin type II domain.(11, 22) Thus, an amino acid change in the fibronectin domain may result in a change in shape of the protein that increases the ability of the CRD4-7 domains to bind the dengue virus. This hypothesis is also supported by evidence showing that the second fibronectin domain is not of importance in the recognition of any pathogen by the mannose receptor.(10) 
Although the T allele was associated with an increased risk for dengue, there was not sufficient power to assess any differences between the CT and TT genotypes in terms of risk for infection, clinical diagnosis or infection type. Additional studies, with larger sample sizes, are necessary to assess whether disease risk differs between the two genotypes. 
The rs34039386 polymorphism was not associated with dengue infection, nor infection type, indicating that it does not increase susceptibility or protect against dengue virus reinfection.  This polymorphism was previously reported to be protective against tuberculosis in a Chinese population.(15) This SNP is located in exon 7 of the MRC1 gene, coding for a portion of carbohydrate recognition domain 2 (CRD-2).(12) It is a missense mutation resulting in an amino acid change from glycine to serine.(17) The carbohydrate recognition domains have the ability to bind the dengue virus, although dengue has not been shown to bind to CRD-2. However, because the rs34039386 SNP deviates from Hardy-Weinberg equilibrium in this study sample, an association may be present, but may not be detectable. Studies have noted that the results of gene-disease association studies are impacted greatly by deviations from Hardy-Weinberg equilibrium.(23) The reason for the deviations from Hardy-Weinberg equilibrium in this sample is unknown. Deviations from Hardy-Weinberg equilibrium may be caused by population factors including mutation, migration, nonrandom mating, natural selection, and small population size. However, further assessment indicates that some of the samples genotypes were likely misclassified due to the somewhat subjective nature of reading restriction digest gels. Ideally, samples that were difficult to read would have been re-genotyped using other methods such as FP. 
To my knowledge, this study is the first to report an association between an MRC1 polymorphism and dengue. Previous studies in Brazilian populations have reported associations between dengue infection and polymorphisms of other genes, such as MBL2 and HLA-B44 (24, 25). Investigators have reported both “protective” and “increased susceptibility” effects, suggesting that dengue infection may be subject to complex interactions with host genetics. 
There are several limitations of this study. The first limitation is the small sample size; for example, the relatively low frequency of the T allele of rs2296414, resulted in few individuals with the TT genotype. Because these results that may differ from the true relationships present, additional studies need to be done to replicate this result. Also, differences in dengue epidemiology among global populations make the results difficult to generalize. Allele frequencies may be very different in populations where dengue is circulating and associations of SNPs in the MRC1 locus and dengue may play a role in some populations but not others. In this study, there was no correction for population stratification by race/ethnicity because of the complex nature of population admixture in (Caucasian, American Indian, and African) in the Brazilian population. However, African admixture is unlikely to be responsible for the results of SNP rs2296414, because this polymorphism is reported to be absent from African populations. 
[bookmark: _Toc363201463]Public Health Significance
The high burden of disease presented by dengue worldwide has made the need for the development of treatments, vector control methods, and a vaccine imperative. Nowhere is this more evident than Brazil, which has 80% of the dengue cases in Latin America.(25) However, a basic issue remains a lack of knowledge about the pathogenesis of dengue and the immune response it raises. Several studies have tried and failed to produce a viable vaccine, vaccines with strong safety profiles have been produced, but they have very low efficacy.(5) Because of the inability of the immune system to produce long lasting cross reactive immunity and the risk of antibody dependent enhancement, a goal for vaccine development is to  protect against all circulating strains. The mannose receptor has become a subject of interest in vaccine development. The mannose receptor has the ability to internalize ligands and mediate their loading into MHC, thus targeting mannose receptors may increase the immunogenicity of vaccine antigens and improve the efficacy.(9) In order to bring these concepts together to create a useful vaccine, a better understanding of the interaction between dengue and the mannose receptor is necessary. Identifying associations between genetic variations of MRC1 and dengue is a step toward achieving this goal. 
	Dengue severity is incredibly difficult to predict; most cases are uncomplicated and resolve without medical intervention, but the danger resulting from severe manifestations requires close observation and often leads to unnecessary hospital admissions. However, modern medicine is also increasing its use of individual genotypes in the triaging and treatment of patients. For example, the BRCA1 gene is routinely used to identify those at an increased risk for breast cancer among individuals who have a strong family history of disease.(26) The association between the MRC1 rs2296414 polymorphism dengue disease severity could be used to provide more information to clinicians in determining which cases need to be admitted for observation. Further studies are needed to better characterize this association and other possible associations of MRC1 gene SNPs and dengue infection before a reliable clinical tool can be developed. The potential benefits of such a tool to reduce the economic burden of dengue, reduce strain on healthcare systems, and better care for patients make its development essential. 
[bookmark: _Toc363201464]Conclusion
This study has demonstrated an increased risk for both dengue infection and severe disease outcomes in dengue patients associated with the rs2296414 SNP of the MRC1 gene. This SNP is in exon 3 of the gene, which encodes the fibronectin type 2 repeat domain of the macrophage mannose receptor protein. Research has demonstrated the ability of the mannose receptor to mediate the infection of macrophage cells with dengue virus via the virus’s envelope protein. This protein binds to the carbohydrate recognition domains 4-7, and not to the fibronectin type 2 repeat domain. The rs2296414 SNP is C to T base change, causing a missense mutation that changes the amino acid sequence of the protein. This change may cause a change of shape in the protein that enhances dengue virus binding or internalization, resulting in the increased risk for infection and severe disease observed by this study. No association between dengue disease and the rs34039386 SNP was observed. This polymorphism in is exon 7 of the gene, which encodes a portion of carbohydrate recognition domain 2. The alleles of this SNP were not in Hardy-Weinberg equilibrium and further studies in other populations may produce different results. This is the first study to report an association between an MRC1 variant and dengue infection. This information, together with future studies, can play a role in the development of a dengue vaccine and improved clinical triage and diagnostics for dengue. 
[bookmark: _Toc363201465]bibliography
[bookmark: _ENREF_1]1.	Beatty ME, Beutels P, Meltzer MI, Shepard DS, Hombach J, Hutubessy R, et al. Health Economics of Dengue: A Systematic Literature Review and Expert Panel's Assessment. American Journal of Tropical Medicine and Hygiene. 2011. 84:473-488. PMID: 000287995600020.
[bookmark: _ENREF_2]2.	Simmons CP, Farrar JJ, Nguyen v V, Wills B. Dengue. The New England journal of medicine. 2012. 366:1423-1432. PMID: 22494122.
[bookmark: _ENREF_3]3.	Organization WH. Dengue Guidelines for Diagnosis, Treatment, Prevention and Control. Geneva: 2009.
[bookmark: _ENREF_4]4.	Nguyen M, Haenni A-L. Expression strategies of ambisense viruses. Virus Research. 2003. 93:141-150.
[bookmark: _ENREF_5]5.	Heinz FX, Stiasny K. Flaviviruses and flavivirus vaccines. Vaccine. 2012 . 30:4301-4306.
[bookmark: _ENREF_6][bookmark: _ENREF_7]6.	Jayaratne SD, Atukorale V, Gomes L, Chang T, Wijesinghe T, Fernando S, et al. Evaluation of the WHO revised criteria for classification of clinical disease severity in acute adult dengue infection. BMC research notes. 2012. 5:645. PMID: 23167997. 
7.	van de Weg CA, van Gorp EC, Supriatna M, Soemantri A, Osterhaus AD, Martina BE. Evaluation of the 2009 WHO dengue case classification in an Indonesian pediatric cohort. The American journal of tropical medicine and hygiene. 2012. 86:166-170. PMID: 22232468. 
[bookmark: _ENREF_8]8.	Cordeiro MT, Silva AM, Brito CA, Nascimento EJ, Magalhaes MC, Guimaraes GF, et al. Characterization of a dengue patient cohort in Recife, Brazil. The American journal of tropical medicine and hygiene. 2007. 77:1128-1134. PMID: 18165535.
[bookmark: _ENREF_9]9.	Martinez-Pomares L. The mannose receptor. Journal of leukocyte biology. 2012. 92:1177-1186. PMID: 22966131.
[bookmark: _ENREF_10]10.	Gazi U, Martinez-Pomares L. Influence of the mannose receptor in host immune responses. Immunobiology. 2009. 214:554-561. PMID: 19162368.
[bookmark: _ENREF_11]11.	Miller JL, de Wet BJ, Martinez-Pomares L, Radcliffe CM, Dwek RA, Rudd PM, et al. The mannose receptor mediates dengue virus infection of macrophages. PLoS pathogens. 2008. 4:e17. PMID: 18266465. 
[bookmark: _ENREF_12]12.	Kim SJ, Ruiz N, Bezouska K, Drickamer K. Organization of the gene encoding the human macrophage mannose receptor (MRC1). Genomics. 1992. 14:721-727. PMID: 1294118.
[bookmark: _ENREF_13]13.	Eichbaum Q, Clerc P, Bruns G, McKeon F, Ezekowitz RA. Assignment of the human macrophage mannose receptor gene (MRC1) to 10p13 by in situ hybridization and PCR-based somatic cell hybrid mapping. Genomics. 1994. 22:656-658. PMID: 8001982.
[bookmark: _ENREF_14]14.	Wang D, Feng JQ, Li YY, Zhang DF, Li XA, Li QW, et al. Genetic variants of the MRC1 gene and the IFNG gene are associated with leprosy in Han Chinese from Southwest China. Human genetics. 2012. 131:1251-1260. PMID: 22392581.
[bookmark: _ENREF_15][bookmark: _ENREF_16]15.	Zhang X, Jiang F, Wei L, Li F, Liu J, Wang C, et al. Polymorphic allele of human MRC1 confer protection against tuberculosis in a Chinese population. International journal of biological sciences. 2012. 8:375-382. PMID: 22393309. 
16.	NCBI. Reference SNP(refSNP) Cluster Report: rs2296414: NCBI; 2013.
[bookmark: _ENREF_17]17.	NCBI. ReferenceSNP(refSNP) Cluster Report: rs34039386. 2013.
[bookmark: _ENREF_18][bookmark: _ENREF_19]18.	de Melo AB, da Silva Mda P, Magalhaes MC, Gonzales Gil LH, Freese de Carvalho EM, Braga-Neto UM, et al. Description of a prospective 17DD yellow fever vaccine cohort in Recife, Brazil. The American journal of tropical medicine and hygiene. 2011. 85:739-747. PMID: 21976581. 
19.	Chen X, Levine L, Kwok PY. Fluorescence polarization in homogeneous nucleic acid analysis. Genome research. 1999. 9:492-498. PubMed PMID: 10330129. 
[bookmark: _ENREF_20]20.	Khan MI, Anwar E, Agha A, Hassanien NS, Ullah E, Syed IA, et al. Factors predicting severe dengue in patients with dengue Fever. Mediterranean journal of hematology and infectious diseases. 2013. 5:e2013014. PMID: 23505602.
[bookmark: _ENREF_21]21.	Martinez-Pomares L, Linehan SA, Taylor PR, Gordon S. Binding properties of the mannose receptor. Immunobiology. 2001. 204:527-535. PMID: 11846215.
[bookmark: _ENREF_22]22.	Hacker K, White L, de Silva AM. N-linked glycans on dengue viruses grown in mammalian and insect cells. The Journal of general virology. 2009. 90:2097-2106. PMID: 19494052.
[bookmark: _ENREF_23]23.	Trikalinos TA, Salanti G, Khoury MJ, Ioannidis JP. Impact of violations and deviations in Hardy-Weinberg equilibrium on postulated gene-disease associations. American journal of epidemiology. 2006. 163:300-309. PMID: 16410351.
[bookmark: _ENREF_24]24.	Acioli-Santos B, Segat L, Dhalia R, Brito CA, Braga-Neto UM, Marques ET, et al. MBL2 gene polymorphisms protect against development of thrombocytopenia associated with severe dengue phenotype. Human immunology. 2008. 69:122-128. PMID: 18361938.
[bookmark: _ENREF_25]25.	Alencar Lea. HLA-B*44 is Associaated with Dengue Severity Caused by DENV-3 in a Brazilian Population. unpublished data. 2013.
[bookmark: _ENREF_26]26.	van 't Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA, Mao M, et al. Gene expression profiling predicts clinical outcome of breast cancer. Nature. 2002. 415:530-536. PMID: 11823860.



	14
image2.jpeg
File-testa

cc
T





image3.emf

image1.emf

