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SUMMARY 

 

Dengue viral infection is a considerable public health problem. Populations of 

subtropical and tropical countries are at risk of this infection. Dengue virus belongs to 

family Falviviridae. Female mosquitoes belonging to Aedes family, especially, Aedes 

agypti and Aedes albopictus transmit this virus. Dengue virus has four circulating 

serotypes (1-4), which are further divided into genotypes, clades and sub clades. 

Dengue infection is mostly common in urban and semi-urban areas. One study 

estimates that around 390 million dengue cases occur per year, of which 96 million are 

symptomatic infections while the rest remain asymptomatic. Another study estimated 

that around 3900 million people in 128 countries were at risk of acquiring this infection. 

Infections caused by dengue virus can be asymptomatic or symptomatic. This virus can 

cause acute mild self limiting dengue fever (DF) to a severe form of disease called the 

dengue hemorrhagic fever (DHF) or dengue shock syndrome (DSS). Majority of deaths 

due to dengue infection result from DHF or DSS.  
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Demographic features of a population play a pivotal role in spread of infections. 

Some populations are more prone to particular infection than others. In case of dengue 

infection, gender and age are important attributes of this infection. Daily routine and 

cultural settings may play an important role in defining prevalence rates of infection.  

Dengue viral pathogenesis is still unclear since there is lack of both in vivo and in 

vitro models to study this infection. Also this infection is multi-factorial where viral and 

host factors contribute to progression of infection. Dengue-2 is associated with causing 

severe form of dengue infection. This serotype is predominant in Pakistan. A major and 

deadly outbreak of dengue infection occurred in year 2011 from June to November in 

Punjab province. City of Lahore was massively hit with dengue infection along with 

Faisalabad and other districts. Collected samples and demographic data from this 

outbreak were included in this study. A total of 495 samples with their demographic data 

were analyzed. Out of these, structural portion of 51 samples with known disease 

severity were sequenced using Sanger’s didioxy method of sequencing. Pattern of 

dengue viral infection pertaining in different age groups and gender were studied. This 

study was designed to probe any correlation of sequence heterogeneity of dengue 

structural genes with disease manifestations. Structural genes were chosen to study as 

these genes are significant for viral entry into the cell. Also these genes were cloned in 

TA vector to study intra-host population.  

Out of these 495 characterized infections more males were infected with dengue 

virus as compared to female cases (t- p<0.01). Further more, cases of infected males 

and females were evaluated among different age groups in which more males were 

affected with dengue infection than females (p=0.039). Male to female ratio (2.3:1) 
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remained the same in all calculated age-groups ≥16 years however equal number of 

both genders were infected ≤15 years. In contrast to adult infections, 4.4% of patients 

were ≤15 years of age.  Calculated median age of infected patients was 28±20. Median 

ages of individual sexes were evaluated and the median age of infected females 

(25.0±22.0) was far less than median age of male patients (28.0±20.0). Serotype 2 was 

present in 100% of samples with 26 samples with concurrent infections of dengue 2 and 

3. Genotype-IV (cosmopolitan) was the cause of this epidemic.  

Both inter and intra host analysis was done. Most of the non-synonymous amino 

acid changes were observed in clones of severe dengue isolates. A detailed analysis of 

sequence alignment showed few patterns that were common through out the genes. 

Most of the genomic changes were related to either genotypes or geographic region. 

However, few note able mutations could be seen. Twenty six changes were noticed 

which were exclusive to Pakistani isolates. Eight changes in nucleotides were noticed in 

Pakistani isolates of classical and severe dengue.  Isolates from severe dengue (SD) 

and classical dengue (CD) infections were subjected to selection and coevolution 

analyses. Very few positively selected sits were identified which showed how strong 

dengue genome under purifying selection was. More coevolving residues were identified 

in CD data set than in SD isolates. Through CFS and BNC, a total of eleven nucleotide 

sites were identified that were relevant to disease severity.   
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1- INTRODUCTION 

 

Dengue viral infection is a public health problem of significant nature. 

Populations of subtropical and tropical countries are at risk of this infection. Dengue 

infection spreads through mosquitoes bites. The cause of this infection, dengue virus, 

belongs to family Falviviridae, which also has hepatitis C virus (HCV), West-Nile virus, 

Japanese encephalitis virus and Yellow fever virus. Female mosquitoes belonging to 

Aedes family, especially, Aedes agypti and Aedes albopictus transmit this virus. 

Dengue virus has four circulating serotypes (1-4), which are further divided into 

genotypes, clades and sub clades. Dengue infection is now occurring around the global 

including Asian, Americans, Australian and African regions. This infection is mostly 

common in urban and semi-urban areas. The frequency of dengue is dramatically 

increasing around the world (WHO fact sheet no. 117, revised 2015; Das et al., 2008). 

One study estimates that around 390 million dengue cases occur per year, of which 96 

million are symptomatic infections while the rest remain asymptomatic (Bhatt et al., 

2013). Another study estimated that around 3900 million people in 128 countries were 

at risk of acquiring this infection (Brady et al., 2012). 

Infections caused by dengue virus can be asymptomatic or symptomatic. This 

virus can cause acute mild self limiting dengue fever (DF) to a severe form of disease 
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called the dengue hemorrhagic fever (DHF) or dengue shock syndrome (DSS). Majority 

of deaths due to dengue infection result from DHF or DSS. The World Health 

Organization (WHO) guidelines classifying cases on basis of severity were first 

published in 1975. It differentiated among cases of DF, DHF and DSS (WHO 1997). 

Afterwards WHO released guidelines that distinguished between patients with less 

severe dengue and severe dengue (World Health Organization 2009). Mainly co-

infection with more than two serotypes of dengue virus are attributed to severe form of 

dengue (Gubler et al., 1985; Santos et al., 2003; De Carvalho Araújo et al., 2006) but a 

case of non-severe dengue due to dual infection was reported from Brazil in 2003 (De 

Carvalho Araújo et al., 2006). As there is yet not any definitive common vaccine 

available against all dengue virus serotypes, therefore, timely and accurate diagnosis is 

crucial for best patient management. 

Demographic features of a population play a pivotal role in spread of infections. 

Some populations are more prone to particular infection than others. In case of dengue 

infection, gender and age are important attributes of this infection. Different studies 

have reported an age-shift in South East Asian countries which show that pattern of 

dengue infection in this region may be changing over the years/time (Ooi et al., 2001). 

Contradictory information on incidence rates of dengue viral infection from different 

settings in available. Various studies report same prevalence rate in both genders while 

other groups report greater cases of affected females or males (Thaung et al., 1975; 

Ooi 2001; Martin et al., 2010a). Daily routine and cultural settings may play an 

important role in defining prevalence rates of infection (Fatima et al., 2013). 
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Pakistan has several outbreaks of dengue infection due to multiple circulating 

serotypes. This makes Pakistan a hyper-endemic region for dengue infection. First 

documentation of dengue infection from Pakistan dates back to 1982 from province of 

Punjab in which twelve patients were tested positive for dengue virus out of 174 

samples assessed. These samples were collected from years 1968 to 1978 (Hayes et 

al., 1982). Although dengue infection was reported from Pakistan in 1982, but first 

documentation of DHF outbreak was done in year 1994 in which Chan and colleagues 

reported dengue-1 and dengue-2 in three patients of Karachi (Chan et al., 1995; Jamil 

et al., 2007). Afterwards dengue-2 viral infection was reported from Baluchistan 

province (Paul et al., 1998; Humayoun et al., 2010). Serological methods were used to 

report dengue-1 and dengue-2 in sera of children in Karachi (Akram et al., 1998; Khan 

et al., 2007). Dengue-3 was first time reported in samples collected in 2005 from 

Karachi city (Jamil et al., 2007). In the next year, dengue-2 and dengue-3 co-circulated 

in city of Karachi (Khan et al., 2008). Different studies from Lahore reported dengue-2, 

3 and 4 from 2008 and onwards (Humayoun et al., 2010; Fatima et al., 2011; Idrees et 

al., 2012; Khan et al., 2013; Koo et al., 2013). A large number of dengue cases were 

reported in November 2010, mainly from Punjab, Sindh, and Khyber Pakhtunkhwa 

provinces after heavy floods in July same year. The Lahore outbreak of 2011 recorded 

22,562 cases and 363 deaths due to severe dengue (Rasheed et al., 2013). Hence it 

provides evidence that Pakistani region has become endemic for dengue virus where 

dengue outbreaks occur regularly.  

Dengue viral pathogenesis is still unclear since there is lack of both in vivo and 

in vitro models to study this infection. Also this infection is multi-factorial where viral and 
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host factors contribute to progression of infection. Involvement of viral factors in 

progression of dengue fever to DHF and DSS are limited to epidemiological or clinical 

associations. As well as other studies have used complete and/or partial genomic 

sequences of dengue virus to identify genetic markers associated with genotype, 

infectivity, and disease severity (Leitmeyer et al., 1999). Use of phylogenetic studies 

characterizes dengue virus serotype-2 into five genotypes in Homo sapiens. Out of 

these five mentioned genotypes, the American genotype is thought to be associated 

with DF and Cosmopolitan genotype to cause DHF (Rico-Hesse et al., 1997a; Gubler et 

al., 1981; Messer et al., 2003). Watts and colleagues did an extensive study in Peru 

over a period of four years. They found out that despite of secondary infections, DF 

remained common in that area. According to their study Cosmopolitan genotype was 

not circulating at that time in that area (Watts et al., 1999). Strong evidence suggests 

that different serotypes of dengue have different outcomes of infections. Dengue-2 is 

associated with severe dengue infections as compared to dengue-1, dengue-3 and 

dengue-4 infections. Some serotypes can cause greater viraemia and are readily 

transmitted than other serotypes (Rico-Hesse et al., 1997b; Dash et al., 2004).  

Dengue-2 is associated with causing severe form of dengue infection. This 

serotype is predominant in Pakistan (Fatima et al., 2011). A major and deadly outbreak 

of dengue infection occurred in year 2011 from June to November. Capitol of Punjab 

province, city of Lahore was massively hit with dengue infection along with Faisalabad 

and other districts. Collected samples and demographic data from this outbreak were 

included in this study. A total of 495 samples with their demographic data were 

analyzed. Out of these, structural portion of 52 samples with known disease severity 
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were sequenced using Sanger’s didioxy method of sequencing. Pattern of dengue viral 

infection pertaining in different age groups and gender were studied. This study was 

designed to probe any correlation of sequence heterogeneity of dengue structural 

genes with disease manifestations. Structural genes were chosen to study as these 

genes are significant for viral entry into the cell. Also these genes were cloned in TA 

vector to study intra-host population. Previous groups have worked on genomic 

sequences and detected any changes in sequences using nucleotide and amino acid 

alignments. However, this study was designed to incorporate machine learning 

methods in the form of Bayesian networks to detect association of different sites with 

each other. These can be helpful in diagnostic purposes. Also selection pressures were 

studied between different cases of dengue infection. Co-evolutionary dynamics were 

studied for cases of dengue fever and severe dengue to detect how patterns of 

evolution differ between dengue virus causing different manifestations. This study 

presents comprehensive findings on sequence heterogeneity and disease severity from 

data collected/reported from Pakistan as well as from other parts of the globe.       
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2- REVIEW OF LITERATURE  

 

2.1 The Dengue virus and how much it has become a global burden? 

Dengue infection is caused by dengue virus which is a constituent of Flaviviridae 

family. This virus has four serotypes, dengue serotypes-1 to 4, which circulate in blood. 

Genome of this virus is around 11kb in length. Its open reading frame has three 

structural genes and seven nonstructural genes of varying functions. Both 5' and 3' 

ends are flanked by short non-coding regions (Figure 2.1). 

 

Figure 2.1- Genome of Dengue Virus. Structural genes= C, M, E; nonstructural genes= NS1, NS2A, 

NS2B, NS3, NS4A, NS4B, NS5. Adapted from: Guzma’n et al., 2010 

 

Dengue infection has become one the important arthropod borne infection over 

the years. This disease is now a common occurrence in tropical and sub-tropical 
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regions of the world due to the spread of its vector. The figure of reported dengue 

infection cases has continued to augment. World Health Organization (WHO) reported 

nearly 2.4 million cases in 2010. According to WHO estimates only nine countries had 

severe dengue epidemics before 1970. Since then, this infection has spread further and 

dengue virus is now widespread in more than hundred countries of different regions. 

The North and South Americas, South East Asia and regions of Western Pacific are the 

most influenced ones where cases surpassed 1.2m in 2008 and over 3m in 2013. Two 

and a half million cases of this infection were reported in 2013 in the Americas only, of 

which 37, 687 reported cases were severe infections. The figure of dengue infections 

as well as epidemics is escalating as the infection has dispersed to different regions. 

Europe is now at risk of more dengue outbreaks since France and Croatia reported 

dengue infections in 2010 while three other countries reported infections spread 

through travelers.  

Dengue continues to affect several South American countries, especially 

Mexico, Honduras and Costa Rica. Singapore in Asia has reported escalated number 

of infections after a period of some years. Last year’s trends point to a rise in the figure 

of dengue infections in the China, Fiji, Vanuatu, Malaysia and the Cook Islands. 

Dengue infections were also reported after a gap of more than seventy years in Japan. 

Almost 500,000 people with DHF/DSS need hospitalization each year where a large 

fraction of these cases are children and minors. Around 2.5% of dengue infections 

result in deaths (WHO fact sheet no. 117, revised 2015). 
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2.2 Culprits in dengue virus transmission—Aedes sp. 

Female mosquitoes of Aedes family serve as its main transmission vectors. Both 

Aedes aegyptii and Aedes albopictus can transmit this virus. This virus is spread 

through bite of Aedes mosquito. When a female mosquito takes a meal of infected 

blood, the virus travels to gut and salivary glands of the vector. Here it multiplies and is 

transmitted to another host when the same mosquito bites for its other meal of blood. 

The mosquito remains able to transmit dengue for its entire life. Other transmission 

routes can be: 

2.2.1 Transo-varial spread  

In a study by Khin and Than, dengue-2 was isolated from larvae and adult males 

of A. aegyptii. Researchers then inoculated insect pools into Toxorhynchites splendens 

mosquitoes suggesting that transovarial spread of dengue virus might occur in nature 

(Khin and Than 1983).  

2.2.2 Muco-cutaneous spread  

One case was reported in which patient got infected with dengue virus through 

mucocutaneous contact to infected blood. A health care worker was infected by getting 

in contact with infected blood of febrile traveler who had recently returned from Peru 

(Chen and Wilson 2004).  

2.2.3 Vertical infection  

Chye and scientists reported uncommon case of vertical dengue infection from 

mother to baby in humans. Dengue-2 was extracted from a baby’s blood while anti-
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dengue IgM were detected in blood of mother. In another case, dengue-2 was isolated 

from maternal blood while anti-dengue IgMs were detected in the newborn (Chye et al., 

1997). 

2.3 Extent of what dengue can cause- Clinical spectrum of dengue 

infection 

Dengue viral infection has diverse manifestations of dengue fever, dengue 

hemorrhagic fever and dengue shock syndrome. Classical dengue fever is a mild and 

febrile infection. Whereas the severe forms of dengue infection can be life taking 

(Harris et al., 1998; Dash et al., 2006). Infection with another serotype can have severe 

outcome due to antibody dependent enhancement (Porterfield 1986; Das et al., 2008) 

and can be a risk factor for severe dengue (Gubler 1998a; Gubler 1998b; Rothman 

2004; Das et al., 2008).  

WHO released guidelines that categorized different dengue infections. However 

due to extensive knowledge and research, much about dengue epidemiology has been 

gathered since these guidelines were first published. This made use of old criteria a bit 

difficult to follow in different clinical settings (Bandyopadhyay et al., 2006; Deen et al., 

2006). Researchers reviewed some of the cases of dengue that did not fulfill the WHO 

criteria for DHF. These were dengue infections with hemorrhage but without any 

indication of plasma leak, dengue with organ dysfunction and less plasma leak, and 

dengue with shock but not meeting all four criteria for DHF (Bandyopadhyay et al., 

2006). To address these points, regional WHO materials have accommodated these 

discrepancies to aid proper clinical evaluations of dengue patients under some 
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circumstances. For example, in local Indian hospitals, DHF can be graded on any 

symptom of hemorrhage with dengue and does not require the case to fulfill all criteria 

of DHF (World Health Organization 1999). For the treatment of minors and children the 

term severe dengue is used to account for any dengue infection case with symptoms of 

vascular permeability that result in plasma leak (Deen 2000).  

Table 2.1- Different manifestations of dengue infection and their symptoms  

 

Dengue infection 

 

Symptoms 

Classic dengue fever Fever, muscle aches, headaches, and rash; 

can be asymptomatic 

Dengue hemorrhagic fever/dengue 

shock syndrome (DHF/DSS) 

Classic symptoms plus hypotension, 

thrombocytopenia, and hemorrhagic 

symptoms 

 

According to Kautner and colleagues, patients of DHF have 5 % and DSS 

patients have almost 40 % chance of mortality (Kautner et al., 1997). In Asian children 

<15 years of age are more prone to develop severe infection than adults (Carlos et al., 

2005; Kittigul et al., 2007). In contrast to Asian studies, more adult population has mild 

form of infection (Pongsumpun et al., 2002). Also an increase trend of DHF/DSS has 

been studied in adults (Guzma’n and Kouri 2003). 
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2.4 How to diagnose dengue infection in lab? 

Many methods are in use for diagnosis of dengue infection. Different studies 

have been carried out to develop robust and efficient methods for its identification. 

Commonly used methods for diagnosing this viral infection are viral isolation 

procedures, serological techniques, and molecular methods. Viral isolation procedures 

are time taking in execution and may take seven days or so to produce final results (Lai 

et al., 2007; Das et al., 2008). By using serological techniques can provide with false 

positive results which occurs due to cross reactivity amongst flavivirus and also among 

dengue serotypes (Ito et al., 2004; Johnson et al., 2005; Tavakoli et al., 2007; Das et 

al., 2008). The use of polymerase chain reaction is good for detecting viral regions for 

detection (Guzma´n and Kauri, 2004; Das et al., 2008). 

2.4.1 Methods using serology 

2.4.1.i IgG ELISA 

Generally IgG ELISA does not give specificity within flavivirus group, but 

Cardosa and colleagues observed that IgG response to premembrane was specific to 

dengue or Japanese encephalitis virus (Cardosa et al., 2002). In a study a test was 

developed which utilized a recombinant polypeptide in the N-terminal portion of the E-

protein region against anti-dengue IgG (Dos Santos et al., 2004). 

2.4.1.ii IgM/IgG ratio 

Primary infections can be distinguished from secondary infections by calculating 

IgM/IgG ratio. Calculated value of capture IgM/ IgG ratio for primary infection is greater 
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than 1.2 while for secondary infection the ratio is less than 1.2. This ratio system is 

used by commercial retailers (e.g., PanBio). Nevertheless different studies show that 

this ratio also depends on whether the infection is non-classical or a classical dengue 

infection. In a study by Falconar and colleagues, the ratios were adjusted to greater 

than 2.6 and less than 2.6, which properly identified 100% of classical dengue 

infections and 90% of severe infections (Falconar et al., 2006). 

2.4.2 NS1 detection 

Tai and colleagues worked on a method where synthetic NS-1 receptors were 

used on a reuseable microchip which could capture and identify NS-1 protein (Tai et al., 

2006). 

2.4.3 Molecular methods 

Researchers employed an RT-PCR approach using consensual primers to 

amplify the capsid and premembrane genes region of dengue viruses. They amplified a 

511bp fragment by conventional RT-PCR which was followed by a nested-PCR using 

specific primers for each dengue virus serotype (Lanciotti et al., 1992). Another study 

worked on two methods of RT-PCR which were assessed giving specificity of 100% 

(Kumaria and Chakravarti 2005). Figueiredo and colleagues used genomes of thirteen 

Brazilian flaviviruses to amplify by reverse transcriptase-PCR, using universal primers. 

Three different amplicon patterns were obtained which allowed for correct identification 

of dengue virus (Figueiredo et al., 1998). Similarly, another study evaluated viral 

detection by RT-PCR; IgM-capture ELISA and virus isolation. In this study PCR 

techniques were more accurate and sensitive than other methods (De Paulo et al., 
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2002a). In another study these researchers digested the amplicons obtained by nested-

PCR with KpnI. These obtained results were analyzed and compared to those obtained 

in C6/36 cells and conventional PCR. Using nested-PCR gave a 3-4x rise in the 

detection rate of dengue virus (De Paulo et al., 2002b).  

2.4.3.i Molecular detection of DENGUE at CEMB 

A molecular method was developed in our lab where C-prM gene junction of 

dengue genome was targeted to identify dengue virus in samples. First round of nested 

PCR used dengue specific degenerate primers to detect dengue virus. Second round of 

nested-PCR used serotype-specific primers to identify serotype of dengue correctly. 

This method is in use at CEMB since 2011 (Fatima et al., 2011). 

2.5 When more than one dengue serotypes coexist- Co-circulation 

and concurrent infections  

Patients can get infected with more than one serotype of dengue when several 

serotypes of a virus circulate at the same time in a geographical region. The first case 

of dual infection was reported in Puerto Rico in 1982 with dengue serotypes 1 and 4 

(Gubler et al., 1985). Delhi became hyper endemic state when all four dengue virus 

serotypes co-circulated in 2003 in that region (Dar et al., 2003). Co-circulation of 

multiple serotypes was reported in 2005 for a second time in Delhi which might have 

caused increased DHF or DSS cases (Saxena et al., 2006). Bharaj and colleagues 

reported co-circulation of different serotypes that resulted in concurrent infections 

(Bharaj et al., 2008).  
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In New Caledonia, dengue 1 and 3 were isolated from six patients of dengue 

fever in 1989 (Laille et al., 1991). In Thailand in 1990, dengue serotypes 1 and 2 were 

identified in the serum samples of two patients with dengue hemorrhagic fever 

(Maneekarn et al., 1993). Eight cases of dual infections of dengue 2 and 4 were 

reported in China from 1991 to 1995 (Fang et al., 1997). Dengue 2 and 3 were isolated 

from one case of dengue infection in Somalia during 1993 (Kanesa-Thasan et al., 

1998). Similarly, our lab reported concurrent infections in Pakistan as serotype 2 and 3 

circulated in the region (Fatima et al., 2011; Idrees et al., 2012). 

2.6 Global outbreaks of dengue virus 

Dengue fever outbreaks are generally dominated by one serotype. The first 

known dengue epidemic happened almost concurrently in Asian, African, and North 

American regions around 1780s. In 1950s a dengue pandemic started in Southeast 

Asia and by year 1975 dengue hemorrhagic was an important cause of death among 

minors in the area. Dengue infection is occurring more frequently since 1980s and by 

twentieth century dengue became the most important disease of humans after malaria 

that is spread by mosquitoes. The first major epidemic of the DHF occurred in 1953–

1954 in Philippines followed by a fast worldwide increase in epidemics of DF/DHF 

(Rigau-Perez et al., 1998). Until 1989 in Sri Lanka DHF cases were only reported from 

time to time (<10 cases/year) but then the incidence of DHF abruptly increased with 

206 hemorrhagic cases being reported (Vitarana 1990). Dengue-3 was identified for the 

first time in then East Pakistan, now Bangladesh, in 1964 (Russell et al., 1966). Later 

reports suggested that dengue fever might have been occurring sporadically in 

Bangladesh. Another outbreak began in year 2000 which was predominantly caused by 
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dengue-3 (Aziz et al., 2002). Ong and colleagues detailed on Indonesian outbreak in 

2004 (Ong et al., 2008). Researchers stated dengue-1 dominated outbreak from 

Myanmar in 2001 (Thu et al., 2004).  

Over thirty Latin American countries stated more than one million cases of 

dengue fever in 2002. DHF occurred in twenty countries with more than 17,000 cases 

reported which included 225 deaths (Guzma’n and Kauri, 2003). Dengue-2 dominated 

outbreaks occurred in Africa in 2007 and 2010 (Caron et al., 2013). Nogareda and 

colleagues reported on dengue-3 dominated outbreak of Solomon Islands in 2013 

(Nogareda et al., 2013). Gutierrez and colleagues worked on 2009-2010 outbreak of 

dengue in Nicaragua (Gutierrez et al., 2011). An outbreak due to dengue-4 was 

reported in 2009 in French Polynesia (Cao-Lormeau et al., 2011). Till February 2015, 

Malaysia reported more cases when compared to the same time period in 2014. In 

China, over 47,000 cases of dengue were reported in 2014. This was mainly due to an 

outbreak of dengue reported in Guangdong province near the end of 2014 (PHAC, 

2015). 

The first confirmed epidemic of DF in India was recorded in 1963–1964 in 

Eastern Coast of India and Calcutta, now Kolkata (Sarkar et al., 1964; Chatterjee et al., 

1965; Carey et al., 1966). In 1996 wide spread epidemics of DHF/DSS took place in 

areas around Delhi and Lucknow (Agarwal et al., 1999; Dar et al., 1999) and then it 

stretched to other regions (Singh et al., 2000; Shah et al., 2004). Different serotypes 

caused epidemics in Indian region but epidemic of 1968 was caused by all four 

subtypes of dengue (Myers et al., 1970). Dengue-2 was the leading serotype causing 

dengue epidemics in Gwalior, Lucknow, Northern India and Delhi (Agarwal et al., 1999; 
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Dar et al., 1999; Parida et al., 2002). Dengue-1 was isolated during the 1997 epidemic 

from Delhi (Kurukumbi et al., 2001). Genotype-IV of dengue 2 replaced genotype-V 

during early 2000s in Northern regions of India (Dash et al., 2004). Dengue-3 was 

isolated during the epidemics of Gwalior in 2003 and 2004 (Dash et al., 2005; Dash et 

al., 2006). A change is circulating serotype was observed during 2004 epidemic of 

DHF/DSS in Northern India where dengue-3 (subtype-III) replaced genotype-IV of 

dengue-2 (Dash et al., 2006). Similarly another study on Dehli outbreak reported 

replacement of predominant dengue-2 (genotype IV) in 2003 by dengue-3 in 2005 

(Gupta et al., 2006). Dengue-3 was the main serotype in 2006 outbreak of dengue 

infection (Bharaj et al., 2008). All four serotypes of dengue virus were reported by 

Chakravarti and colleagues in Delhi during 2007-2009 (Chakravarti et al., 2013). 

Another study stated a dengue-2 outbreak in Orissa, India in 2010-2011 in which 72% 

of studied samples were detected positive of dengue virus (Das et al., 2013). Another 

study on Delhi region in 2010 detected 12.5% positive samples by RT-PCR among 

which dengue-1 serotype was detected in 63% samples (Singh et al., 2012). There was 

an increase in the number of cases of dengue fever reported from Delhi and all over 

India in the year 2013 (NVBDCP 2014). A study observed a change in serotype 

dominance from dengue-1 in 2010 to dengue-2 in 2013 in Delhi. In this study samples 

of dengue-1 and 3 were also present but in small numbers (Afreen et al., 2014).  

2.7 Dengue outbreaks studied in Pakistan 

Pakistan has become endemic to all four serotypes of dengue circulating all 

through the year with a highest frequency during the post monsoon period from 

October and December (Jahan 2011; Khan et al., 2010). Dengue might have entered 
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our region through import of tires containing infected eggs of mosquitoes at sea port of 

Karachi (Idrees and Ashfaq 2012). Although Hayes and co-workers reported dengue 

infection from samples collected in 1968 (Hayes et al., 1982), but the first documented 

outbreak of DHF was reported in 1994 by Agha Khan Hospital, Karachi. In this report 

dengue-1 and dengue-2 were reported in three out of ten cases (Chan et al., 1995; 

Jamil et al., 2007). Since then many dengue infection cases have been reported from 

time to time. In 1995, dengue-2 transmission was reported in regions of Baluchistan 

province (Paul et al., 1998; Humayoun et al., 2010). Through serological studies 

dengue-1 and 2 were isolated from sera of children in Karachi (Khan et al., 2007; 

Akram et al., 1998). Dengue-3 infections were reported in 2005 in Karachi region. This 

was the first time where dengue-3 was reported from Pakistan (Jamil et al., 2007). 

Later co-circulation of dengue-2 and 3 was reported in 2006 outbreak in Karachi (Khan 

et al., 2008). In 2008 outbreak in Lahore 17 samples were checked via real-time PCR, 

and in these samples ten patients had dengue-4 infectivity, five samples had dengue-2 

and three samples had dengue-3 infection (Humayoun et al. 2010). Wasay and 

colleagues assessed 225 cases of confirmed dengue virus infection. In samples 

included in this study, from years 2000-2004 73% had DF, 24 % had DHF and 2.4 % 

had DSS while after 2005 58 % had DF, 39 % had DHF and 3 % had DSS suggesting a 

changed pattern of the disease at the respective hospital (Wasay et al., 2008). In 

another study, 52 out of 116 patients had dengue IgM antibodies. The highest sufferers 

of DF were young adults. Almost all studied cases had thrombocytopenia and 

leucopenia (Ghani et al., 2008). Rasheed and co-workers reviewed on dengue scenario 

in our region.  A large number of dengue cases were in November 2010, especially in 
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Sindh, Punjab and Khyber Pakhtunkhwa regions following heavy floods in July same 

year. The Lahore outbreak of 2011 recorded 22,562 cases and 363 deaths due to 

severe DHF (Rasheed et al., 2013).  Khan and co-workers did a comprehensive 

genome-wide analysis of dengue-2 strains associated with 2011 outbreak in Lahore 

(Khan et al. 2013). Koo and colleagues reported that dengue-2, dengue-3 and dengue-

4 co-circulated in Pakistan from years 2008 to 2011 (Koo et al., 2013).  

2.7.1 Studies by our Group 

Dengue infection in Pakistan has been extensively studied by our Molecular 

Virology group at CEMB. We reported on phylogeny of dengue-2 and 3 circulating in 

our region which characterized them close to strains of Sri Lankan and Indian origin 

(Fatima et al., 2011).  Covering the 2011 outbreak in Pakistan, 1129 samples were 

analyzed out of which 82.37% of samples were positive with dengue virus. Out of these 

positive samples, 96.02% infections were due to dengue-2 whereas 3.97% had 

concurrent infection with both dengue-2 and 3 (Idrees et al., 2012). Another study 

reported recent trends in age-gender pattern in dengue viral infection in outbreak of 

2011. Large numbers of infected patients were males with male to female ratio of 2.3:1. 

Median age of infected cases was 28.0 years where female median age was less than 

median age of infected males (25.0 years as compared to 28.0 years). Only 4.4% of 

infected cases were aged less than 16 years. There were 59.2% of cases between 16 

years to 35 years of age (Fatima et al., 2013).  
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2.8 Determinants of disease pathogenesis and viral replication  

Reasons of dengue infection are still lack complete understanding due to lack of 

proper in vivo models. Studies used mouse neuro-virulence models although dengue 

virus usually did not cause encephalitis in human (Holzmann et al., 1990; Kawano et 

al., 1993; Gualano et al., 1998; Solomon et al., 2000). Along with host genetics (Coffey 

et al., 2009), other factors may cause pathogenicity which includes: (1) the antibody-

dependent enhancement (ADE) of infection, (2) the virulence of the infecting virus 

strain (Rosen 1977; Halstead 1988). High viraemia during early infection may also lead 

to disease severity (Vaughn et al., 2000; Libraty et al., 2002). Researchers observed 

that dengue virus isolated from patients of severe disease replicated more rapidly and 

to higher titers in dendrtitic cells than those isolated from patients with mild disease 

(Takhampunya et al., 2009). Higher dengue viral loads are recorded in patients with 

DHF/DSS than in DF during the febrile stage of infection. This high viral titer was 

maintained in patients of DHF but not in patients of DF for up to six days during 

defervescence (Wang et al., 2003).  

2.9 The sinful immunity-- Antigenic sin and ADE 

The consequence of evolution of dengue viruses is four antigenically similar yet 

diverse serotypes. Hence, secondary infections are common as multiple serotypes 

often co-circulate in endemic areas. Infectivity with one serotype gives life-long 

immunity against that serotype but not against the other three. Research during 1960s 

put forth the idea of enhanced risk of DHF by another serotype in secondary infection 

(Halstead 1970; Halstead et al., 1970). Many other studies have documented an 
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enhanced risk of getting severe dengue after a second infection by other serotype 

(Sangkawibha et al., 1984; Thomas et al., 2008). Halstead and co-workers stated 

higher occurrence of DHF/ DSS in two groups of children. One group comprised of 

infants of 6 to 9 months. They had dengue infection with a different serotype than their 

mothers’ infections. The important point observed was that severe disease appeared in 

infants whom maternal antibodies had declined to low sub-neutralizing levels. The other 

group was of young children who had an earlier mild or subclinical infection and were 

later infected with a different dengue serotype. These observations led to the 

conclusion that successive infection of preimmune persons with a different dengue 

serotype could intensify rather than alleviate the infection. It was stated to be caused by 

antibodies and termed antibody-dependent enhancement (ADE) of disease (Halstead 

1988). This phenomenon was reported by other scientists on a large outbreak of DHF 

due dengue-2 in Cuba in 1997 (Guzma’n et al., 2002), as well as in numerous 

prospective cohort studies in Southeast Asia (Sangkawibha et al., 1980; Burke et al., 

1988; Thein et al., 1997). Mathew and Rotham proposed that a skewed T-cell cytokine 

response led to plasma leakage in DHF patients (Mathew and Rotham 2008).  

Nevertheless primary infections may also cause severe from of dengue (Barnes 

and Rosen 1974; Gubler et al., 1978; Thomas et al., 2008). Few studies suggest that 

ethnicity may also affect the transmission and infection of dengue virus where some 

ethnic groups are less prone to getting dengue viral infection despite of living in areas 

of hyperendemicity. For example, in a study by Halstead and colleagues in Haiti, no 

recorded cases of DHF amongst the native population could be documented although 
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dengue-2 genotype-I was circulating in the region. This shows that there are more 

factors other than ADE that contribute to dengue pathogenesis (Halstead et al., 2001).  

2.10 Sequence heterogeneity and virulence of Dengue virus 

The four dengue serotypes are considered to have originated from an ancestor 

of either Asian or African origin some thousand years ago. Hundred to 320 years before 

its endemic spread to human, there was a maintained sylvatic cycle of dengue virus 

with non-human primates as hosts (Holmes and Twiddy 2003). All four dengue 

serotypes are further divided in genotypes, clades and sub-clades based on their 

variation in strains genomes. Different genotypes are related to particular geographical 

regions where they spread and diverged. 

Severe dengue cases during an outbreak could be due to differences in strain 

virulence within dengue serotypes and/or genotypes (Gubler et al., 1978; Lanciotti et 

al., 1994; Rico-Hesse et al., 1997a). Studies provided evidence that some genotypes of 

dengue virus type-2 and dengue virus-3 could cause DF will others could cause severe 

form of infection (Rico-Hesse et al., 1997a; Gubler et al., 1981; Messer et al., 2003). 

Sylvatic dengue viruses do not cause infection in humans and they have non-human 

primates as hosts. Few cases had been reported due to sylvatic dengue virus in 

humans but either they were asymptomatic infections or clinical descriptions were not 

clear enough (Vasilakis et al., 2008).  

Around nine percent of sequence variation was reported among all five 

genotypes of dengue-1 using nucleotide sequences of E/NS1 junction (Rico-Hesse 

1990). Similarly, 7.3% of sequence heterogeneity was reported for all five non-sylvatic 
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genotypes of dengue-2 by using envelope gene sequences of 147 strains (Twiddy et 

al., 2002a). Several cases of dengue were not reported till 1981 even with the co-

circulation of several dengue types and an elevated prevalence of secondary infection 

within population. This changed with the introduction of cosmopolitan genotype (Rico-

Hesse et al., 1997b). A detailed study by Leitmeyer and colleagues identified few 

changes between 5’ and 3’ region of both genotypes that could change RNA secondary 

structures and in host cell binding region of envelope region (Leitmeyer et al., 1999). 

Also, other studies showed that American genotype had less virus output from human 

monocyte-derived macrophages and DC cultures as compared to Cosmopolitan 

genotype (Pryor et al., 2001; Cologna and Rico-Hesse 2003). Both groups showed that 

the main determinant of replication efficiency was envelope amino acids replacement. 

The American genotype strains replicate and circulate less efficiently in A. aegypti 

mosquitoes as compared to Southeast Asian genotype strains (Armstrong and Rico-

Hesse 2001). 

The four genotypes of dengue-3 have a 10% difference in their nucleotide 

sequence whereas 5% difference in their proteins (Lanciotti et al., 1994). Dengue-3 

genotype III splits into two clades, IIIa and IIIb. The clade IIIa has all the sequences 

before 1989 which do not cause severe dengue. The other clade, IIIb, has sequences 

isolated in 1989 or afterwards associated with severe dengue (Lanciotti et al., 1994; 

Messer et al., 2003). Dengue-3 genotype IV remains associated with mild form of 

dengue (Lanciotti et al., 1994). Dengue-4 has two genotypes with <8% nucleotide 

diversity and 4% amino acid changes (Lanciotti et al., 1997). 
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2.11 Dengue virus as quasispecies  

When an RNA virus is present as a population of variants in a single host, these 

variants are called quasispecies. Quasispecies occur due to error prone nature of RNA 

virus replication. These quasispecies can respond swiftly to new selection pressures 

(Domingo 1998; DeFilippis and Villarreal, 2001). RNA viruses mutate around one 

mutation in every 10,000 nucleotides (1x10-4) during natural replication which is around 

one nucleotide mutation per dengue genome per replication cycle (Drake 1993; Smith 

et al., 1997). These populations should be regulated to maintain genetic and antigenic 

diversity in a steady manner. There is no dearth of studies on quasispecies in viral 

infections such as hepatitis C (Martell et al., 1992), foot and mouth disease virus 

(Domingo et al., 2002), hepatitis E (Grandadam et al., 2004) and human 

immunodeficiency virus (Garcia-Arriaza et al., 2007). Wang and colleagues for the first 

time reported quasispecies in dengue-3 in 2002 (Wang et al., 2002). They then 

compared quasispecies derived from infected mosquitoes and infected humans. Less 

diversity was reported in mosquito-derived virus (Lin et al., 2004). Another study on 

dengue-2 derived from both mosquitoes and humans reported several genotypes as 

well as recombinant viruses within the same host (Craig et al., 2003). All these groups 

worked on partial or complete envelope genes.  

Detection of quasispecies in HIV-1 infection is helpful in genotyping the virus and 

predicting the response against anti-viral drugs (Garcia-Arriaza et al., 2007). More 

studies are required to identify role of quasispecies in flavivirus infections. Wang and 

colleagues reported that more variants with stop codons and frame-shifts were present 

in patients suffering from DHF than DF (Wang et al., 2002).  
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3- METHODS 

 

3.1 Study Design 

This study was designed to correlate sequence heterogeneity of dengue virus 

with disease severity. Since serotype 2 is the prevalent one in Pakistan, hence the 

study was conducted on serotype-2 isolated from Pakistani region. Inter and intra host 

dynamics of dengue virus serotype-2 was studied in detail. Written consent was taken 

from patients over 18 years of age, and a written consents of parents were taken on 

behalf of minor patients (ages <18 years). This study was approved by the Ethics 

Review Committee (ERC) of the CEMB, University of the Punjab, Lahore, Pakistan and 

by Institutional Review Board (IRB), Lahore General Hospital Lahore, Pakistan. 

3.2 Sampling and inclusion/exclusion criteria  

Of the total 1129 dengue suspected serum samples received at Division of 

Molecular Virology, National Centre of Excellence in Molecular Biology (CEMB), 

University of the Punjab, 495 of these were confirmed with dengue virus by polymerase 

chain reaction. These dengue positive samples were further serotyped by serotype-

specific PCR. These samples were received from General Hospital, Gurki Trust, 
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Institute of Public Health (IPH), Jinnah Hospital, and Sheikh Zayed Hospital, Lahore 

from May to December 2011 (during 2011 dengue outbreak). These samples had their 

recorded biochemical and demographic data. Out of these total 495 dengue virus RNA 

positive cases, 52 were included in the present study for further analysis. These 

samples were included in the study because all the diagnostic, biochemical and 

demographic data were present to further classify the case severity and enough sample 

to carry out repeated experiments. Blood samples were collected in BD Vacutainer 

tubes (Becton Dickenson, USA), centrifuged at 2,000xg for 10 minutes. Each serum 

sample was transferred to a fresh 1.5 ml eppendorf tube and labeled properly. These 

serum samples were then stored at –20ºC till further use. 

3.3 Characterization of cases 

The diagnosis done by the on-duty doctor at respective hospital was taken into 

consideration for characterizing different levels of severity. Also, the biochemical and 

demographic data that accompanied these samples was used in classification of 

disease severity. Clinical description of case definition of 1997 by World Health 

Organization (WHO) was taken into consideration (WHO, 1997). Although the case 

definitions were upgraded in 2009 by WHO, but the criteria of 1997 was followed since 

those conventions are still commonly used.  

3.4 Extraction of viral RNA 

Viral RNA was extracted from 140 μl of serum sample using Nucleospin Viral 

RNA Extraction Kit (Macherey-Nagel, Germany) with slight modifications. Briefly, 600 μl 

of lysis buffer was added to 140 μl of serum sample and vortexed for few seconds. 
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Then the samples were incubated at 70 °C for 5 minutes. Then 600 μl of absolute 

alcohol was added. Each sample was loaded in separate column tube and centrifuged 

at 13000 rpm for one minute. 500 μl volume of buffer RAW was added and centrifuged 

at 13000 rpm for 5 minutes. Then each sample was washed with 200 μl of buffer RAV3 

by centrifugation at 13000 rpm for 2 minutes. Ethanol was completely removed by 

spinning the column for 1 minute. The column was incubated for 5 minutes at 70 °C to 

evaporate any remaining ethanol. Finally RNA was eluted in 50 μl of elution buffer and 

stored at -70 °C till further use. 

3.5 Primer designing 

Dengue serotype-2 specific primers were designed using free online accessible 

Primer3 software (Untergrasser et al., 2012; Koressaar and Remm, 2007). Sense and 

anti-sense oligos were designed for three genes of structural portion of the virus 

according to Sri Lankan reference strain (Accession no.: GQ252676). Since the 

reference strain has few nucleotides less than others reported so the 5’UTR forward 

was taken from strain AB189124. Primers used in this study and their information are 

given in table (Table- 3.1). 
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Table 3.1- Primers used to amplify structural portion of dengue-2  

 

Primer Name 

 

5’-3’ Sequence 

Amplified 

product 

length (bp) 

Position wrt 

GQ252676 

5’UTR-C-O/F AGTTGTTAGTCTACGTGGACCGAC

A 

500 - 

5’UTR-C-O/R TGCACATGTTCACACCTTCC 490-509 

5’UTR-C-I/R TTGCGTGTGGTTAAATGGAA 419 407-426 

prM-O/F CCAGCCAACAGCAGGGATACTT 766 242-261 

prM-O/R CCATCGTTGTCACACAGCTT 988-1007 

prM-I/F GGCGTTCCATTTAACCACAC 558 403-422 

prM-I/R CTTCCTCCTGAAACCCCTTC 941-960 

E-O/F TGGCATACACCATAGGAACG 1681 825-844 

E-O/R GGGGATTCTGGTTGGAATTT 2486-2505 

E-I/F TGGCATACACCATAGGAACG 1623  

E-I/R AAATCCCACTGCCACATTTC 2428-2447 

E1-Seq-I/R TATGCATAGCCCCTTCTTGG - 1669-1688 

E2-Seq-I/F TGCGAAGAAACAGGATGTTG - 1636-1655 

3’ UTR-R GCAGGATCTCTGGTCTTTGC -  
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3.6 Complementary DNA synthesis 

Complementary DNA (cDNA) from viral RNA was synthesized using 10 μl of 

extracted RNA with a reaction mixture of 11 μl. Two microlitres of 20 pm 3’UTR-R, one 

microlitre of 10 mM dNTPs and 10 μl of 1-5 μg RNA were put at 65 °C for 5 minutes 

proceeded by on ice for one minute. Further 4 μl of 5x FSB, one microlitre of 0.1 M 

DTT, one microlitre of RNAse-I and 2 μl of 400 U SuperScript III reverse transcriptase 

(Invitrogen Biotechnologies USA) were added. The whole reaction was put at 55 °C for 

60 minutes and then on 70 °C for 15 minutes. For amplification of PCR target >1Kb, 

attached RNA was removed by incubating cDNA with one microlitre of E.coli RNAse-H 

(2U) at 37 °C for 20 minutes.  

3.7 Serotyping of samples 

Nested PCR was used to serotype the samples and methods published 

previously were followed (Fatima et al., 2011). Five microlitres of cDNA was used with 

15 μl of PCR mix containing 2 μl 10X PCR Buffer (with ammonium sulphate), 2.4 μl 

MgCl2, 1 μl 500 μM dNTPs, 1 μl 20 pM forward and reverse primer each, 5.6 μl dH2O 

and 2 μl of 2U Taq-polymerase (National Centre of Advanced Molecμlar Biology, 

NCAMB). The thermal profile for first round using outer sense D1-D and anti-sense D2-

D was--- initial denaturation at 94 °C for 2 minutes followed by 35 cycles of 

denaturation at 94 °C for 45 seconds, annealing at 52 °C for 45 seconds, extension at 

72 °C for 2 minutes and final extension at 72 °C for ten minutes. The thermal profile for 

second round using the type-specific sense and anti-sense primers was same to the 

thermal profile of first round, only the annealing was carried out at 54 °C for 45 seconds 
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in 35 cycles. Isolate DENGUE-PK/45/2009 was used as positive control while HCV 

RNA was used as negative control. 

3.8 Amplification of structural genes 

Structural genes; 5’UTR+capsid, premembrane and envelope; were amplified by 

nested PCR. These genes were amplified at same conditions for both rounds.  

3.8.1 5’UTR and Capsid region 

Following protocol was used to amplify 5’UTR and capsid region of the genome. 

A hemi-nested approach was adopted for amplifying this region. Hence, left oligo was 

same for both rounds. For 10 μl of reaction, one microlitre of Mix (PCR buffer and 

MgCl2), one microlitre of 2 mM dNTPs, 0.5 μl of 20 pM left and right primers each, 4.5 

μl dH2O and 0.5 μl LongTaq (Life Science Technologies, USA) were used. Following 

cycling profile was used: 94C for 2 min, 30 cycles of 94C at 20 sec, 55C for 30 sec, 

68C for 2 min and finally at 68C for 10 minutes. A region of 419 bp was amplified by 

using this approach. 

3.8.2 Premembrane region 

Different left and right oligos were used for both rounds of nested PCR. Each 

round with their respective primers was carried out as: for 10 μl of reaction, one 

microlitre of Mix (PCR buffer and MgCl2), one microlitre of 2 mM dNTPs, 0.5 μl of 20 

pM left and right primers each, 4.5 μl dH2O and 0.5 μl LongTaq were used. Following 

cycling profile was used: 94 °C for 2 min, 30 cycles of 94 °C at 20 sec, 55 °C for 30 sec, 
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68 °C for 2 min and finally at 68 °C for 10 minutes. Length of amplified target gene was 

558 bp. 

3.8.3 Envelope region 

Envelope gene was amplified by using respective left and right primers in each 

round under following conditions: for 10 μl of reaction, one microlitre of Mix (PCR buffer 

and MgCl2), one microlitre of 2 mM dNTPs, 0.5 μl of 20 pM left and right primers each, 

4.5 μl dH2O and 0.5 μl LongTaq were used. Following cycling profile was used: 94 °C 

for 2 min, 35 cycles of 94C at 20sec, 55C for 30 sec, 68 °C for 2.30 min and finally at 

68 °C for 10 minutes. A target region of 1623 bp was amplified.  

3.9 Gel run and gel elution 

The product of nested PCR was visualized on 1 % agarose gel for envelope 

gene and 2 % agarose gel for capsid and premembrane genes, stained with ethidium 

bromide (0.5 µg/ml). Gel purification was done using the GF-1 Gel DNA Recovery Kit 

(Vivantis Cat# GF-GP-100). The required band was excised from the gel and one 

volume of buffer GB was added to one volume of gel. It was incubated at 50 °C till the 

gel was completely dissolved in the buffer. The mixture was loaded onto column and 

centrifuged at 10000 rpm for one minute. The column was washed with 750 μl of Wash 

buffer for one minute to remove all traces of agarose. Flow-through was discarded and 

the column alone was centrifuged for an additional three minutes to remove residual 

ethanol of buffer. The purified product was eluted in 30 μl of elution buffer which was 

used as a template for further reactions. 
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3.10 Sequencing reaction and ethanol precipitation 

Sequencing analysis was performed according to the manufacturer’s instructions 

(BigDye Deoxy Terminators; Applied Biosystems, Weiterstadt, Germany). 

Concentration of 25 ng of eluted DNA was used for sequencing reaction. The cycling 

profile was kept same for sequencing of all three genes. All the genes were sequenced 

using their respective amplifying primers except for any clones which may require using 

M13 primers for confirmation of clones.  

3.10.1 Capsid and premembrane genes 

Both of these genes were sequenced under same conditions. Briefly, 10 μl 

reaction mixture was prepared using 0.8 μl of BigDye, 1.5 μl 5X sequencing buffer, 1.5 

μl template, 1 μl 20 pM sense or anti-sense primer and 5.4 μl of dH2O. 

3.10.2 Envelope gene 

Following protocol was followed for sequencing of envelope gene. Briefly, 10 μl 

reaction mixture was prepared using one microlitre of BigDye, 1.5 μl 5X sequencing 

buffer, two microlitres of template, 1 μl 20 pM sense or anti-sense primer and 4.5 μl of 

dH2O. For sequencing of complete envelope gene, amplifying forward and reverse 

primers as well as internal sequencing left and right oligos were used.  

3.10.3 Cycling profile 

The amplification thermal cycle was: initial denaturation at 96 °C for two minutes 

followed by 35 cycles of denaturation at 96 °C for 30 seconds, annealing at 50 °C for 15 

seconds, extension at 60 °C for 4 minutes. 
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3.10.4 Ethanol precipitation 

Ethanol precipitation of sequencing PCR product was carried out by adding 2 μl 

of 3M sodium acetate, 2 μl of 125 mM ethylenediaminetetraacetic acid (EDTA) and 26 

μl of absolute alcohol. The mixture was put at room temperature for 20 minutes. It was 

centrifuged for 30 minutes at 3800 rpm at 4 °C. Thirty-six micro liters of 70 % ethanol 

was added to dry pellet and centrifuged for 15 minutes at 3800 rpm. Finally 12 μl of 

formamide was added to dried pellet followed by heat shock at 95 °C for 5 minutes. 

Sequencing was performed on automated DNA Analyzer (Applied Biosystems, 3100 

DNA Analyzer). 

3.11 T/A Cloning of genes 

All three structural genes were cloned individually in TA vector to study intra host 

dynamics of dengue virus.  

3.11.1 Ligation 

T/A cloning kit (Cat  K2020-20; Invitrogen) was used for ligation reaction 

according to manufacturer’s protocol. The amount of insert required for ligation with 25 

ng of the vector was calculated using the following formula:  

Amount of insert = (ng of vector× insert kb× molar ratio of insert: vector)/  

                                                        (Kb size of vector) 

Ligation mixture was prepared in ratio of (1:3) of vector and product. Mixture 

composition was kept as:  5 μl of eluted DNA were added to 1.5μl of 10x Ligation 
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buffer,  2 μl of pCR 2.1 vector (25 ng/µl), 1.5 μl of T4 DNA ligase (4.0 Weiss units) and 

5.8 μl of dH2O. Ligation reaction was kept at 14 ºC for overnight. 

3.11.2 Competent Cells 

Freshly prepared E. coli strain TOP 10F’ cells were used for each 

transformation. Single picked colony was incubated overnight in 5 ml LB with 5 μl 

tetracycline. Next, one milliliter of overnight grown culture was added to 500 ml of LB 

with 50 μl of tetracycline and put on shaking for 3-4 hours at 37 °C until the OD600 was 

0.4 - 0.5. The growth of cells was retarded by putting them on ice for 15-20 minutes. 

Cell culture was centrifuged at 4 °C for 2 minutes to collect pellet. This pellet was 

washed with one milliliter of ice-cold 100 mM CaCl2 and centrifuged at 4 °C for 2 

minutes. The competent cells were made ready by resuspending them in 100 μl of ice-

cold 100 mM CaCl2 to the pellet for further use.  

3.11.3 Heat Shock Transformation & Plating 

Ten microlitres of ligation product was added to freshly prepared 100 μl cells and 

put on ice for 10 minutes. Cells were given heat shock at 42 °C for 90 seconds and 

immediately put on ice for 2 minutes. Five hundred microlitres of LB media was added 

to the transformed cells and were incubated at 37 °C for 1 to 2 hours on shaker. 

Transformed cells were plated on LB agar containing 100 μg/ml ampicillin and 12.5 

μg/ml tetracycline. For controls, untransformed cells were plated. Plates were incubated 

overnight. 
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3.11.4 Selection of Clones 

To identify bacteria harboring cloned dengue genes, individual colonies were 

then used to inoculate into 5 ml LB culture containing 100 g/ml ampicillin and 12.5 

g/ml tetracyclin, shaking at 225 rpm overnight at 37 °C. After 16 hours of incubation, 

100 l of cμlture was taken in an eppendorf and centrifuged at 13000 rpm for 2 min. 

Supernatant was discarded and pellet was re-suspended in 50 l of 1X T.E buffer. Cells 

were heat shocked at 100 °C in water bath for 10 min and centrifuged at 13000 rpm for 

2 min. Supernatant containing the plasmid was used as template for the PCR reactions.  

These PCR reactions were prepared both with gene specific primers and vector-

specific primers, M13 forward (GTAAAACGACGGCCAG) and M13 reverse 

(CAGGAAACAGCTATGA). Following protocol was used to amplify respective genes 

from clones: for 10 μl of reaction, 1 μl of 10 x PCR buffer, 1.2 μl of 25 mM MgCl2, 1 μl 

of 10 mM dNTPs, 0.5 μl of 20 pM left and right primer each, 1 unit of DNA TaqPol (2U) 

and dH2O. PCR profile was kept the same as second round of nested PCR. 

3.11.5 Plasmid DNA isolation  

Clones that gave positive colony PCR were taken further for plasmid isolation. 

From the 5 ml culture broth positive with colony PCR, plasmid was isolated using 

Plasmid Miniprep Kit Fermentas (Life Science technologies USA) according to 

manufactures protocols. Briefly, 250 μl of buffer P1 (containing RNase) was added to 

pellet; the tube was vortexed to re-suspend the cells. 250 μl of lysis buffer were added 

and mixed by inverting gently 5 times to lyse the cells. Proteins and genomic DNA were 

precipitated with the addition of 350 μl of buffer neutralization solution, inverting 
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immediately 2 times to prevent localized precipitation. The tubes were centrifuged at 

10,000 x g /10 minutes and the supernatant of this reaction was removed to a new 

column. This sample was centrifuged at 10,000 x g for 1 min, binding to the column 

membrane. Purified DNA was washed with 700 μl of wash buffer, centrifuging for 1 min. 

at 10,000 x g. Residual wash buffer was removed by centrifuging at 14,000 x g for 2 

min. Purified DNA was eluted in 30 μl of elution buffer, centrifuging at 10,000 x g for 1 

min to collect the DNA in the centrifuge tube. Quantification of the plasmid prep was 

performed on a spectrophotometer. This DNA served as template for subsequent 

reactions.  

3.11.6 Cloning Confirmation 

Successful cloning was confirmed with: 

3.11.6.i PCR 

To confirm the insert in T/A vector, PCR was performed with gene specific 

primers and vector specific primers using isolated plasmid DNA as template. The PCR 

product was run on agarose gel. All other conditions were same as that of the second 

round of PCR (Section 3.8). 

3.11.6.ii Digestion 

Digestion of newly constructed gene/TA vector for all three genes was done with 

restriction enzyme EcoRI (Fermentas). The reaction mixture was made as: 2 μl of 10 

U/μl EcoR1, 1 μl of EcoR1 buffer, 5 μl of template (isolated plasmid) and 2 μl of dH2O. 

The reaction mixture was incubated at 37 °C for overnight and checked on agarose gel. 
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3.11.6.iii Sequencing 

Clones were finally confirmed by sequencing. Gene specific as well as M13 

primers were used to confirm and sequence required clones (Section 3.10). 

3.12 In silico analysis 

Sequences obtained after sequencing experiments were subjected to different 

analysis as described in following sections. Since the 2009 classification of WHO 

divides dengue cases into classic dengue and severe dengue, so this was used in in 

silico studies; to segregate data into two sets: one having sequences isolated from 

dengue fever patients (classic dengue, CD) and the other with sequences isolated from 

patients suffering from severe dengue (SD). This classification was used because there 

were less isolates of DSS. Hence, both DHF and DSS isolates were grouped together 

under SD- isolates data set. 

3.13 Dengue type-2 sequences used 

Dengue sequences of serotype-2 reported from different parts of the world were 

retrieved from GenBank. Sequences from all five genotypes of serotype-2 were 

included in the study. Only those sequences were included which had known severity 

i.e, samples isolated from patients of DF, DHF and DSS (Table-3.2). 
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Table 3.2- Sequences used in this study 

 

ACCESSION NO. 

 

COUNTRY 

 

YEAR 

 

DISEASE* 

KC692517 ARGENTINA 2010 DENGUE-1 

KF041259 PAKISTAN 2006 DENGUE-3 

KF041260 PAKISTAN 2009 DENGUE-4 

AF022437 THAILAND 1993 DF 

AF022438 THAILAND 1993 DF 

AF100460 THAILAND 1994 DF 

DQ181800 THAILAND 1995 DF 

U87411 THAILAND 16681 1964 DHF 

AF169680 THAILAND 1993 DHF 

AF169686 THAILAND 1993 DHF 

AF100464 THAILAND 1996 DHF 

AF022435 THAILAND 1993 DHF 

AF022436 THAILAND 1993 DHF 

AF022439 THAILAND 1993 DHF 

AF022434 THAILAND 1993 DSS 

AF204178 CHINA 1987 DF 

AF204177 CHINA 1989 DF 

M29095 

 

NEW GUINEA-C 

NGC 

1994 DF 

DQ181801 THAILAND 1990 DF 
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AY702034 CUBA 1997 DF 

AY702035 CUBA 1997 DF 

AY702036 CUBA 1997 DF 

AF208496 CHINA 1998 DF 

AB122020 DOMINICAN REP 2001 DF 

AB122021 DOMINICAN REP 2001 DF 

HQ999999 GAUTIMALA 2009 DF 

M20558 JAMAICA 1983 DHF 

AF119661 CHINA 1985 DHF 

AY702038 CUBA 1997 DHF 

AB122022 

 

DOMINICAN 

REP 

2001 DHF 

AB479042 VIETNAM 2002 DHF 

AY702037 CUBA 1997 DSS 

AY702039 CUBA 1997 DSS 

AB189123 INONESIA 1998 DF 

DQ645556 TAIWAN 2002 DF 

AY776328 TAIWAN  DHF 

AB189122 INDONESIA 1998 DHF 

DQ645549 TAIWAN 2002 DHF 

AB189124 INDONESIA 1998 DSS 

DQ645540 TAIWAN 2001 DHF 

DQ645541 TAWIAN 2001 DF 
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KF041235 PAKISTAN 2009 DF 

KF360005 PAKISTAN 2011 DF 

KJ010185 PAKISTAN 2011 DF 

KJ010186 PAKISTAN 2011 DF 

KF041233 PAKISTAN 2011 DHF 

KF041232 PAKISTAN 2011 DHF 

KF041234 PAKISTAN 2011 DHF 

KF041236 PAKISTAN 2009 DF 

KF041237 PAKISTAN 2009 DSS 

AY702040 COLUMBIA 1986 DF 

AF100469 MEXICO 1992 DF 

AF100467 PERU 1995 DF 

HM582113 TONGA 1974 DF 

HM582110 FRENCH POLYNESIA 1973 DF 

HM582103 

 

NEW CALEDONIA 1972 DF 

HM582100 FIJI 1971 DF 

HM582107 AMERICAN SAMAO 1972 DF 

 

*DF: Dengue fever; DHF: Dengue hemorrhagic fever; DSS: Dengue shock syndrome 
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3.14 Nucleotide and amino acid sequence analysis 

Sequences of this study were edited and BLAST search was conducted to 

confirm the identity of the sequences. Nucleotide sequences were translated using 

EMBOSS- Transeq EMBL software.  Amino acid and nucleotide sequences were 

aligned through CLUSTALW in BioEdit v7.0.5 and EMBL-EBI Clustal Omega.  

3.15 Analysis of Recombination 

The SBP method (Pond et al., 2006) through HyPhy package on Datamonkey 

web server (Pond and Frost 2005) and automated RDP in RDP4 (Martin and Rybicki 

2000; Martin et al., 2010b) were used for detecting recombination events among the 

sequences.  

3.16 Phylogenetic analysis 

All the isolated and reported sequences were subjected to phylogenetic analysis. 

For this purpose, maximum likelihood phylogenetic tree was constructed using MEGA 

v5 (Tamura et al., 2011). The tree was constructed under gamma time reversible model 

with 1000 bootstrap replications. Gamma distributed with invariant sites (G+I) with eight 

discrete gamma categories was used to estimate rates among different sites. All sites 

were used for this analysis. Tree was inferred using ML heuristic method of nearest-

neighbor-interchange (NNI). Tree was visualized through FigTree v1.4.2 software.   
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3.17 Identification of selection sites 

Codon-based maximum likelihood methods were used to identify sites under 

positive and/or negative selection. For this purpose, CODEML program implemented in 

PAML package was used (Yang 1997). 

3.17.1 Data Sets 

Sequences having >99% homology were excluded from data sets for this 

analysis since excluding sequences in this manner does not influence selection 

analysis (Yang, 1998). Selection pressures were analyzed on codon alignments which 

mean the data sets included sequences from capsid to envelope region. Since the 

2009 classification of WHO divides dengue cases into classic dengue and severe 

dengue, this was used to segregate data into two sets: one having sequences isolated 

from dengue fever patients (classic dengue, CD) and the other with sequences isolated 

from patients suffering from severe dengue (SD). This classification was used because 

there were less isolates of DSS. Hence, both DHF and DSS isolates were grouped 

together under SD- isolates data set. Genotype-V is associated with dengue fever and 

genotype-IV with DHF (1679) so two more data sets were created with sequences of 

respective genotypes.  

3.17.2 Phylogenetic tree 

Phylogenetic tree for CODEML was built using DNAML implemented in PHYLIP 

program.  
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3.17.3 Selection analysis 

Selection pressures on different sets of data were studied using Maximum 

likelihood approach (Yang and Bielawski 2000; Yang et al., 2000). Site models in 

CODEML were used to infer selection pressures at different codons of the specified 

coding region. The basic model M0 holds the relationship ω=dN/dS, where omega is 

the ratio of nonsynonymous/synonymous substitution. If ω>1, <1 or =1, the site is under 

positive (diversifying) selection, negative (purifying) selection or under neutral selection, 

respectively. For this test of selection, six different site models were used to determine 

omega ratios.  (1) M0 is the basic model of codon substitution under which one omega 

value is calculated under assumption that all codons are under uniform selection 

pressure; (2) M1a is the test for neutrality where ω0 is set to 0 and ω1 is set at 1 and 

assumes that no codon is under positive selection; (3) M2a tests for positive selection 

which involves a third omega value, ω2 which can have any value from 1; (4) M3 is a 

more sensitive test for positive selection which include three omega values; (5) M7 

utilizes beta distributed variable selective pressure, where omega can have values of 0 

to 1; (6) M8 also uses beta distribution with an additional omega. 

3.17.3.i Likelihood ratio test (LRT)  

Likelihood ratio test (LRT) was used to statistically compare different models by 

taking twice the difference in log likelihood between two models. LRT is computed by 

taking difference of log likelihood of alternative model (InL1) from null model (InL0). 

Following formula is used: 

                                               (LRT) χ2= 2× (lnL1 - lnL0) 
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For nested models, both M0 and M1 are nested with M2 and M3, and M7 is nested with 

M8. Omega ratio of greater than one and higher likelihood of the respective model 

(P<0.05) gives positive selective pressure on a codon. Together with these tests, 

Bayesian methods were used to calculate the probability that a codon falls into the 

positively selected class.  

3.18 Identification of episodic sites 

Mixed effects model of evolution (MEME) analysis was run using NJ inferred 

trees at p=0.05 (Murrell et al., 2012). Model TRN93 was used in analysis as indicated 

by Datamonkey server (Pond and Frost 2005).  

3.18.1 Data Sets 

For MEME analysis, different data sets were analyzed. Since the 2009 

classification of WHO divides dengue cases into classic dengue and severe dengue, 

this was used to segregate data into two sets: one having sequences isolated from 

dengue fever patients (classic dengue, CD) and the other with sequences isolated from 

patients suffering from severe dengue (SD). This classification was used because there 

were less isolates of DSS. Hence, both DHF and DSS isolates were grouped together 

under SD- isolates data set. Selection analysis on isolates of Pakistan was also carried 

out. Data sets were divided into codon sequences isolated from classical dengue 

patients and severe dengue patients.  

 



 

 

44 

44 

3.19 Bayesian Analysis 

Bayesian Network (BN) was employed to check dependencies between disease 

severity and the nucleotide sequence. For this, learning BN approach in the form of BN 

classifier was employed (Neapolitan 2004). All of this analysis was conducted using 

WEKA software (Hall et al., 2009). 

3.19.1 Data set 

For learning of BN, sequences were grouped into classical dengue (CD) and 

severe dengue (SD) as described earlier. As sequences from DSS were less than DF 

or DHF, so DSS sequences were added to DHF group to balance both groups of 

severity. A total of 372 polymorphic sites were identified using DnaSP software (Rozas 

et al., 2003). 

3.19.2 Selection of dengue severity-relevant sites 

The selected 372 polymorphic sites were subjected to CFS iterations to identify 

severity relevant sites. This correlation-based feature subset selection (CFS) method 

utilizes merit heuristic (Hall 1999). This CFS identifies best subset of interrelated 

features among subsets of correlating non-redundant features. The Best-first greedy 

search strategy was employed with an empty start set in forward direction which 

returned subset with highest merit score (Lei et al., 1988; Kohavi and John 1997).   

3.19.3 Bayesian network Classifiers (BNC) 

BNC was learned in two steps; selection of structure and parameter estimation 

of BNC. First step, structure-learning, was conducted in two steps. First a naïve BNC 
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was run in which arcs from severity node were directed towards relevant nucleotide 

sites. Then the dependencies among these relevant features were learned using an 

unsupervised approach by means of greedy-search heuristic K2 algorithm (Cooper and 

Herskovits 1992). For this K2 algorithm, number of parents was limited to 3. Scoring 

function criterion based on the Bayesian with Dirichlet priors, BDe metric was used in 

final selection of the BNC structure (Heckerman et al., 1995).  Second step in learning 

BNC includes parameter estimation in which the conditional probability table (CPT) of 

nodes is estimated. It was directly approximated from data in the form of frequency 

counts. Simple estimator algorithm was used at α=0.5 to estimate the CPT of BN once 

the network was learned. 

3.19.4 Evaluation of the model learned 

Four metrics were used to evaluate the learned model, which are sensitivity 

(SN), F-measure, classification accuracy (CA), specificity (SP). They are calculated as: 

SN = TP/ (TP + FN) × 100 

F-MEASURE = (2 × TP)/ [2 × (TP + FP + FN)]  

CA = (TP + TN)/ [(TP + FN) + (FP + TN) × 100] 

SP = TN/ (FP + TN) × 100 

where, 

TP = No. of true positives; TN = No. of true negatives; FP = No. of false positives;  

FN = No. of false negatives. 
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3.20 Co-evolution analysis 

Co-evolution between different amino acids/ residues was carried out using 

online program CAPS (Fares and McNally 2006). Through this software, covariance 

between sites is computed in a pair-wise manner. The amino acid substitution matrix 

BLOSUM is used to score the strength in aa variation at a particular site and 

divergence time between sequences is taken to correct these scores. Bootstrap value 

of 0.8 and 100 numbers of alignments were used for simulation. A stringent value of 

alpha= 0.001 was chosen as confidence value. Both inter and intra- protein analyses 

were run to find out any relationship among sites. For this analysis, same data sets 

from MEME analysis were used (section: 3.18.1) except this analysis was not run on 

data including all dengue sequences. Also, this test was run on individual genes for 

intra-protein analysis. Pairs and groups of co-evolving amino acids were visualized 

using Cytoscape software (Shannon et al., 2003). 

3.21 Statistical Analysis 

The data of 495 samples were divided into seven age groups: 1-15, 16-25, 26-

35, 36-45, 46-55, 56-65 and ≥66 years. One-way analysis of variance ANOVA and 

Pearson’s Chi-squared test were employed to compare the means between groups 

using Statistical Package for Social Sciences (SPSS) Version 16.0 (SPSS Inc., 

Chicago, IL, USA). One-sample t-test was used to compute significance for gender 

distribution. A p<0.05 was chosen to designate significance. Median age ± interquartile 

range of patients was estimated as the distribution of age was skewed (0.811±0.11, 

Shapiro Wilk P < 0.05) (Fatima et al., 2013).  
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4- RESULTS 

 

4.1 Prevalent Serotype of Dengue virus in Pakistan 

Four hundred and ninety five samples were analyzed for the detection of all four 

serotypes of dengue virus in separate PCR reactions. Serotype 2 was the dominant 

subtype with 100% of prevalence in these positive samples (Figure- 4.1). Only 26 

samples had concurrent infection with serotypes 2 and 3. No infection due to serotype 

1 or 4 was detected in this study.  

 

 

Figure 4.1- Agarose gel analysis of the product from nested PCR for serotype 2 giving 

amplified DNA bands of 403 bp. (b) From left to right--- PC (positive control)-DENGUE-PK/45-2/2009, 

50 bp molecular ladder, 1-1DF, 2-5DF, 3-1DHF, 4-2DHF, 5-15DHF, 6-1DSS, NC (negative control)- HCV 

3a. 

                   PC  50bp   1     2       3      4      5       6     50bp NC 

 403 bp 400 bp 
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4.2 Analysis of Demographic data 

The demographic characteristics of the enrolled patients have already been 

described (Fatima et al., 2013). Out of these 495 characterized infections more males 

were infected with dengue virus as compared to female cases (t- p<0.01). Further 

more, cases of infected males and females were evaluated among different age groups 

in which more males were affected with dengue infection than females (p=0.039). Male 

to female ratio (2.3:1) remained the same in all calculated age-groups ≥16 years 

however equal number of both genders were infected ≤15 years (Figure- 4.2). Most of 

the infected patients (59.2%) were between 16-35 years. Mean age of the infected 

cases was 31.6 with 95% Confidence interval of upper (33.0) and lower bound (30.1) 

with standard deviation of 16.1. Only 4.0% were aged 66 and above. In contrast to 

adult infections, 4.4% of patients were ≤15 years of age.  Calculated median age of 

infected patients was 28±20. Median ages of individual sexes were evaluated and the 

median age of infected females (25.0±22.0) was far less than median age of male 

patients (28.0±20.0). Age distribution was positively skewed to 0.811±0.11 from 

normality with Shapiro-Wilk p<0.05. 
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Figure-4.2- Number of male and female cases infected with dengue virus in different age groups. 

4.3 Clinical data 

The clinical data of total 52 enrolled patients’ samples as well as clinical 

diagnosis done by the on-duty doctor were used to classify them into different disease 

severities. For this purpose WHO criteria developed in 1997 was used to classify them. 

Under this criterion, 24 samples were defined as dengue fever samples, 25 of dengue 

hemorrhagic fever and only 2 samples of dengue shock syndrome could be included in 

this study. Detailed information about the samples is given in table- 4.1. 
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Table 4.1- Biochemical information of samples included in the study 

Sample ID/ 

Severity 

Age 

Yr 

Gender IgM IgG Physical 

Symptoms* 

Platelets 

100,000 mm3 

1-DF 34 M + - F<3days, R, OP 121 

2-DF 23 M + + F, M, A, V 109 

3-DF 24 M + + F, M 133 

4-DF 27 F - - F<3days 129 

5-DF 45 F - - F<3days, A 91 

6-DF 23 M - + F<3days, V 80 

7-DF 45 M + + F, OP, H, R 95 

8-DF 26 F + + F, OP 96 

9-DF 24 F + + F, R, V 120 

10-DF 14 F + - F<3days, OP 137 

11-DF 50 F + - F, H 127 

12-DF 30 M + - F, R 105 

13-DF 6 M + - F, A, M, R 98 

14-DF 32 M - - F<3days, R 115 

15-DF 20 M - - F<3days, R 108 

16-DF 17 M - + F, OP, R 85 

17-DF 58 M - + F, R 136 

18-DF 45 M + + F, R 143 

19-DF 60 F + + F, R 112 
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20-DF 28 M + - F<3days, R 131 

21-DF 17 F + - F, OP, H 101 

22-DF 45 M + - F, R, M, A 100 

23-DF 25 M + - F<3days, HM, V 100 

24-DF 18 M + - F, H, R, M 115 

1-DHF 27 M + - F>2days, OP 35 

2-DHF 37 F + - F>2days, HM 25 

3-DHF 16 F + + F>3days, V 28 

4-DHF 25 M + + F, R 22 

5-DHF 18 F + + F, R 36 

6-DHF 52 M + - F, R 17 

7-DHF 35 F + - F>4days, HM 40 

8-DHF 16 M + - F>4days, HM 37 

9-DHF 18 F + + F>2days, R, HM 30 

10-DHF 15 F + + F, OP, H, R, HM 35 

11-DHF 30 F + + F>6days, OP, H, R, HM 20 

12-DHF 24 F - + F>3days, OP, H 16 

13-DHF 33 M - + F>4days, OP, H 31 

14-DHF 40 M - + F>5days, OP, H, M 24 

15-DHF 13 M - + F>4days, M, R, HM 30 

16-DHF 59 M - - F>2days, HM, R 26 

17-DHF 60 M + - F>2days, A, M, HM 15 

18-DHF 45 F + - F>3days, OP, H, R 36 



 

 

52 

52 

19-DHF 23 M + - F>2days, HM 16 

20-DHF 35 F + - F>3days, HM 28 

21-DHF 5 M - - F>5days, R 25 

22-DHF 3 M - - F>4days, R, HM 23 

23-DHF 19 F - - F>3days, M, R, HM 30 

24-DHF 39 F - - F, M, R, HM 15 

25-DHF 70 M + - F>3days, HM 15 

1-DSS 26 M + + F>3days, HM 20 

2-DSS 16 M + + F>3days, HM 16 

 

*Physical Symptoms: F= fever, OP= retro-orbital or ocular pain, H= headache, R= rash, M= myalgia, A= 
arthralgia, HM= hemorrhagic manifestations, V= vomiting 

 

4.4 Amplification and Sequencing of structural genes 

Structural genes and 5’UTR of dengue-2 were amplified using gene specific 

primers (Figure 4.3). These genes were then subjected to sequencing reaction. 

Obtained sequences were submitted to GenBank and accession numbers were 

assigned to them (Table 4.2).  
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   (a)                              (b)  

          (c) 

Figure 4.3- Amplified structural genes. (a) 5’UTR+Capsid, 419bp (b) Envelope, 1.6kb (c) 

Premembrane, 558bp 

419bp 

1.6kb 

558

bp 

400

bp 

500bp 

1kb 
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Table 4.2- Accession numbers of sequences and clones isolated in this study 

 

SEQUENCE ID 

 

ACCESSION NO. 

TOTAL NO OF 

SEQUENCES 

DENGUE2/PAK/2011/1DF  to  

DENGUE2/PAK/2011/24DF 

KP757106-KP757129 

 

 

24 

DENGUE2/PAK/2011/1DHF  to  

DENGUE2/PAK/2011/25DHF 

KP757130 

KP757154 

 

25 

DENGUE2/PAK/2011/1DSS  to  

DENGUE2/PAK/2011/2DSS 

KP757155 

KP757156 

 

2 

Capsid Clones (1DF-C-CLONE1 to 1DSS-C-

CLONE1) 

 

KP757157 

KP757165 

 

9 

Envelope Clones (1DF-E-CLONE1 to 1DSS-E-

CLONE1) 

 

KP757166 

KP757174 

 

9 

Premembrane Clones (1DF-P-CLONE1 to 

1DSS-P-CLONE1) 

KP757175 

KP757180 

 

6 
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4.5 Cloning of structural genes 

Three structural genes were cloned in TA cloning vector. For cloning of genes, 

total five samples were randomly selected representing all three dengue manifestations 

i.e., two samples of DF (1DF, 2DF) and two samples of DHF (1DHF, 2DHF). Only one 

sample of DSS (1DSS) was cloned since only two samples could be sequenced for this 

study.  

4.5.1 5’UTR+Capisd 

Capsid gene was cloned with 5’UTR of the open reading frame (Figure 4.4). The 

obtained sequences were submitted to GenBank and accession numbers were 

assigned to them (Table 4.2). 

     (a)                          (b)     

Figure 4.4- Clone confirmation of 5’UTR+capsid gene. (a) Colony PCR of 5’UTR+capsid clones with 

vector specific primers run against 1kb ladder. (b) Digestion of 5’UTR+capsid positive clones with EcoRI 

run against 1kb ladder.  

 

 

615bp 
0.5kb 

419bp 
0.5kb 
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4.5.2 Premembrane 

Premembrane gene was cloned in TA vector (Figure 4.5). Obtained sequences 

were submitted to GenBank (Table 4.2). 

      (a)                                      (b)   

Figure 4.5- Clone confirmation of premembrane gene. (a) Colony PCR of premembrane clones with 

vector specific primers run against 1kb ladder. (b) Digestion of premembrane positive clones with EcoRI 

run against 1kb ladder.  

4.5.3 Envelope 

Envelope genes of five samples were cloned in TA vector 2.1 (Figure 4.6). Their 

sequences were submitted to GenBank and their accession numbers were attained 

(Table 4.2). 

754bp 
600bp 0.5kb 558bp 



 

 

57 

57 

             (a)                                   (b)   

Figure 4.6- Clone confirmation of envelope gene. (a) Colony PCR of envelope clone with vector 

specific primers run against 1kb ladder. (b) Digestion of envelope positive clones with EcoRI run against 

1kb ladder.  

4.6 Recombination analysis 

Recombination may interfere with evolutionary analysis. Hence, all the 

previously reported sequences and those which were isolated in this study were 

subjected to recombination analysis. No recombination event was detected by both 

RDP and SBP. 

4.7 Phylogenetic analysis of studied genes 

Total 51 isolates of Pakistani region which were studied in this research were 

aligned with reported 47 isolates from different geographical regions of the world (Table 

4.3). These isolates belonged to all five genotypes of dengue-2 namely, Asian-I, Asian-

II, Asian-American, Cosmopolitan and American genotypes. They may also be denoted 

by II, I, III, IV and V sometimes for ease.  

 

1.7kb 

1.6kb 

1kb 

1kb 
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Table 4.3- Global sequences included in this study, their genotypes and disease manifestation 

 

ACCESSION 

NO. 

 

COUNTRY 

 

YEAR 

 

GENOTYPE 

 

DISEASE 

KC692517 ARGENTINA 2010 DENGUE 1 - 

KF041259 PAKISTAN 2006 DENGUE 3 - 

KF041260 PAKISTAN 2009 DENGUE 4 - 

AF022437 THAILAND 1993 ASIAN I (II) DF 

AF022438 THAILAND 1993 I DF 

AF100460 THAILAND 1994 I DF 

DQ181800 THAILAND 1995 I DF 

U87411 THAILAND 16681 1964 I DHF 

AF169680 THAILAND 1993 I DHF 

AF169686 THAILAND 1993 I DHF 

AF100464 THAILAND 1996 I DHF 

AF022435 THAILAND 1993 I DHF 

AF022436 THAILAND 1993 I DHF 

AF022439 THAILAND 1993 I DHF 

AF022434 THAILAND 1993 I DSS 

AF204178 CHINA 1987 ASIAN II (I) DF 

AF204177 CHINA 1989 II DF 

M29095 

 

NEW GUINEA-C 

NGC 

1994 II DF 
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DQ181801 THAILAND 1990 ASIAN-AMERICAN (III) DF 

AY702034 CUBA 1997 III DF 

AY702035 CUBA 1997 III DF 

AY702036 CUBA 1997 III DF 

AF208496 CHINA 1998 III DF 

AB122020 DOMINICAN REP 2001 III DF 

AB122021 DOMINICAN REP 2001 III DF 

HQ999999 GAUTIMALA 2009 III DF 

M20558 JAMAICA 1983 III DHF 

AF119661 CHINA 1985 III DHF 

AY702038 CUBA 1997 III DHF 

AB122022 

 

DOMINICAN 

REP 

2001 III DHF 

AB479042 VIETNAM 2002 III DHF 

AY702037 CUBA 1997 III DSS 

AY702039 CUBA 1997 III DSS 

AB189123 INONESIA 1998 COSMOPOLITAN (IV) 

A 

DF 

DQ645556 TAIWAN 2002 IV A DF 

AY776328 TAIWAN  IV A DHF 

AB189122 INDONESIA 1998 IV A DHF 

DQ645549 TAIWAN 2002 IV A DHF 

AB189124 INDONESIA 1998 IV A DSS 
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DQ645540 TAIWAN 2001 IV DHF 

DQ645541 TAWIAN 2001 IV DF 

KF041235 PAKISTAN 2009 IV B DF 

KF360005 PAKISTAN 2011 IV B DF 

KJ010185 PAKISTAN 2011 IV B DF 

KJ010186 PAKISTAN 2011 IV B DF 

KF041233 PAKISTAN 2011 IV B DHF 

KF041232 PAKISTAN 2011 IV B DHF 

KF041234 PAKISTAN 2011 IV B DHF 

KF041236 PAKISTAN 2009 IV B DF 

KF041237 PAKISTAN 2009 IV B DSS 

AY702040 COLUMBIA 1986 AMERICAN (V) DF 

AF100469 MEXICO 1992 V DF 

AF100467 PERU 1995 V DF 

HM582113 TONGA 1974 V DF 

HM582110 FRENCH POLYNESIA 1973 V DF 

HM582103 

 

NEW 

CALEDONIA 

1972 V DF 

HM582100 FIJI 1971 V DF 

HM582107 AMERICAN SAMAO 1972 V DF 

  *Colors indicate different genotypes that correspond to Figures 4. 7 and 4.8  
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4.7.1 Genotyping 

Although the method we described previously (Fatima et al., 2013) is the routine 

method of genotyping in our laboratory but genotypes of isolated sequences were 

determined by analyzing phylogenetic relationships of these sequences through 

dendrogram based on whole structural portion (Figures 4.7 and 4.8). The isolated 

sequences fell in Cosmopolitan genotype of serotype-2 and further belonged to clad IV-

B of this genotype. 

4.8 Comparative analysis of genes 

For analyzing genomic sequences of dengue isolates of Pakistani region, both 

inter and intra host diversity was studied. Pakistani isolates studied in this research as 

well as already reported were aligned with isolates from other parts of the world 

spanning all five genotypes of dengue-2. Genes were individually cloned to see 

spectrum of these structural genes of dengue-2 within a host milieu.  

4.8.1 Inter host diversity 

Total 51 isolates of Pakistani region which were studied in this research were 

aligned with reported 47 isolates of the world (Table 4.3). These belonged to all five 

genotypes of dengue-2 namely, Asian-I, Asian-II, Asian-American, Cosmopolitan and 

American genotypes. They may also be denoted by II, I, III, IV and V sometimes for 

ease.   
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Figure 4.7- Phylogenetic relationship of dengue-2 isolates through ML method. Colors indicate 

genotypes as shown in Table 4.3. RED—dengue 1, 3, 4 used to root the tree, BLUE—genotype Asian-I, 

ORANGE—genotype Asian-II, PURPLE—genotype Asian-American, LIGHT GREEN—genotype 

Cosmopolitan IV-A, GREEN—genotype Cosmopolitan IV-B, FUCHSIA—genotype American 
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Figure 4.8- Radial tree for phylogenetic relationship of dengue-2 isolates through ML method. 

Colors indicate genotypes as shown in Table 4.3. RED—dengue 1, 3, 4 used to root the tree, BLUE—

genotype Asian-I, ORANGE—genotype Asian-II, PURPLE—genotype Asian-American, LIGHT GREEN—

genotype Cosmopolitan IV-A, GREEN—genotype Cosmopolitan IV-B, FUCHSIA—genotype American 

 

Their amino acid sequences were also aligned using ClustalW and Clustal 

Omega bio-informatics tools/programmes. All the isolates were indicated by their 

accession numbers, country, disease severity and genotype to identify easily in large 

alignments.   

4.8.1.i Nucleotide Sequence analysis of structural genes 

Sequenced Pakistani isolates were subjected to BLAST search. These isolated 

Pakistani sequences had 98-100% homology among themselves. Less sequences had 

homology of 98 to 99% otherwise most of the sequences had >99 %.  BLAST search 
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showed they were close to strains isolated from Pakistan, Jeddah (Kingdom of Saudi 

Arabia), Gawalior (India), Oridssa (India) and Maharashtra (India) with almost 99% 

homology. Also Sri Lankan strain (Accession no.GQ252676) had average of 99 % 

homology with our isolated strains. This was the same strain used to design primers for 

different genes. Base frequencies for all four bases in dengue-2 isolates were:  

                            A= 0.32876, C= 0.20167, G= 0.25212, T (U)= 0.21746 

A detailed analysis of sequence alignment showed few patterns that were 

common through out the genes. Most of the genomic changes were related to either 

genotypes or geographic region. However, few note able mutations could be seen. Few 

changes were noticed only in Pakistani isolates. At nt-225 a G was present in Pakistani 

isolates where an A was present in rest of the global sequences. It is given as: G225 

(A). The rest of the observed changes were:  

G225 (A), T244 (C), A485 (T/G), C507 (T), T508 (C), C568 (T), T681 (C), G702 (A), 

C726 (T), G765 (A), T948 (A), A1032 (G), C1062 (T), G1090 (A), A1305 (G), G1428 

(A), T1446 (C), T1613 (C), T1806(C), A1863 (G), T1923 (C), C2010 (T/G/A), C2049 

(T), C2120 (T), A2127 (CT). 

Few patterns were noticed in Pakistani isolates of classical and severe dengue.  

At nt519, four of DF had G while all others had A. In SD, 13 had G (Figure 4.9). At 

position 651, C was present in more SD than DF which had more G at this position 

(Figure 4.10). At position 717, A was present in 13 DF isolates, but only in 7 SD 

isolates where G was more common (Figure 4.11). At nt1728, more C was in SD than 
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in DF samples. At this position C was replaced by T in 7 SD isolates, while C only 

present in 5 DF isolates (Figure 4.12). At nt1766, C was in 5 DF samples only. The rest 

had T in them at this position (Figure 4.12). At position 1906, G was replaced by A in 12 

DF isolates only (Figure 4.13). At position 2145, 9 SD had G while 8 DF isolates had A 

(Figure 4.14). And finally, at position 2262, 10 SD isolates had A in them while 6 DF 

had T (Figure 4.15). 

One important change noticed was at nt447, where a G was present in American 

genotype and more samples of dengue fever. This G was replaced by an A in 

cosmopolitan genotype and other severe dengue isolates (Figure 4.16). 
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Figure 4.9- Nucleotide change observed at nt-519. Nt-519 is indicated by block arrow 
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Figure 4.10- Nucleotide change observed at nt-651. Nt-651 is indicated by block arrow 



 

 

68 

68 

 

Figure 4.11- Nucleotide change observed at nt-717. Nt-717 is indicated by block arrow 



 

 

69 

69 

 

Figure 4.12- Nucleotide change observed at nt-1728 and nt-1766. Both are indicated by block arrow 
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Figure 4.13- Nucleotide change observed at nt-1906. Nt-1906 is indicated by block arrow 
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Figure 4.14- Nucleotide change observed at nt-2145. Nt-2145 is indicated by block arrow 
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Figure 4.15- Nucleotide change observed at nt-2262. Nt-2262 is indicated by block arrow 
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Figure 4.16- Nucleotide change observed at nt-447. Nt-447 is indicated by block arrow 
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4.8.1.ii Amino acid Sequence analysis of structural genes 

Few notice able changes were observed in amino acids alignment of isolates 

which fell in envelope region only. At aa351, an A was present in cosmopolitan 

genotype but a D was present in American genotype whereas an E was present in 

other genotypes (Figure 4.17). At aa429, an N was present in cosmopolitan genotype 

only, while H was present in other isolates (Figure 4.18). At residue 444, a V in A-I and 

C, while an I was present in A, AA and A-II genotypes (Figure 4.18). At residue 588, V 

was in C and A-I only, and I was in rest of the genotypes (Figure 4.19). At residue 670, 

an S was present in cosmopolitan genotype and D in American genotype, while N was 

present in rest of the genotypes (Figure 4.20). At residue 557, P was in 6 DF Pakistan 

isolates only while rest had L in them (Figure 4.19). Similarly, at aa604, I was present in 

12 DF Pakistani isolates, and V was present in rest of the isolates (Figure 4.20). 
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Figure 4.17- Amino acid change observed at aa351. aa351 is indicated by block arrow 
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Figure 4.18- Amino acid change observed at aa429 and aa444. Both are indicated by block arrow 
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Figure 4.19- Amino acid change observed at aa557 and aa588. Both are indicated by block arrow 
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Figure 4.20- Amino acid change observed at aa604 and aa670. Both are indicated by block arrow 
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4.8.2 Intra host diversity 

4.8.2.i 5’UTR+Capisd 

Capsid gene was cloned with 5’UTR of the open reading frame. The obtained 

sequences were submitted to GenBank and accession numbers were assigned to them 

(Table 4.2). 

4.8.2.i.a DF samples 

Two samples of dengue fever were cloned (Table 4.4). From sample 1DF, 11 

clones were picked out of which two clones differed from their parent in genomic 

sequence. One change was observed in sequence of clone-1. It was a change from C 

to T at position 182. This changed the amino acid from proline to leucine. In clone-2 a 

change from C to T was detected at nt163 that resulted in change from arginine to 

cysteine.   

In sample 2DF, total nine clones were picked out which one clone differed from 

the parent sequence. Two changes were observed in this clone, one change was at 

nt87 in 5’UTR region. It was a synonymous change of C to T. Second mutation was 

observed in coding capsid region at nt112.   

4.8.2.i.b DHF samples 

Two samples of DHF were cloned in TA vector (Table 4.4). Sample 1DHF could 

yield 15 clones out of which only two differed from their parent sequence. In clone-1, a 

change at position 240 of ORF occurred which corresponds to position 144 in capsid 
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gene. This change of ATG to ATA was nonsynonymous which changed methionine to 

isoleucine. In clone-2, a transversion change occurred at nt-162 of capsid gene which 

resulted in synonymous change of CTA to CTC. 

In sample 2DHF, three out of 14 clones differed from their parental sequence 

(Table 4.4). Clone-1 had a mutation at nt287 of capsid region. This transversion 

mutation of AAT to ATT resulted in nonsynonymous drastic change of asparagine to 

isoleucine. In clone-2 a mutation occurred at nt274 of capsid region. It was a change 

from GCT to GGT which resulted in nonsynonymous alanine to glycine. In clone-3 a 

mutation of ACA to TCA occurred at nt88 of capsid region. This changed threonine to 

serine, a nonsynonymous but conservative change of amino acids.  

4.8.2.i.c DSS samples 

Only one sample of DSS was cloned since only two samples could be 

sequenced for this study. One clone out of 10 clones was picked that varied in genomic 

sequence from its parental sequence. It was a mutation at nt207 of capsid region which 

resulted in change from TGG to TGC. This changed the amino acid tryptophan to 

cysteine (Table 4.4).  
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Table 4.4- 5’UTR+Capsid clones and mutations observed in them 

Smpl Clone  

No. 

Codon 

Change 

Amino acid 

change 

Synonymous/ 

nonsynonymous 

Transition/ 

transversion 

Drastic/ 

conservative 

1DF 1 CCA: CTA proline: 

leucine 

nonsynonymous transnversion conservative 

1DF 2 CGT: TGT arginine:cys

teine 

nonsynonymous transition drastic 

2DF 1 AGC: AGT 

CTG: ATG 

- 

leucine: 

methionine 

synonymous 

nonsynonymous 

transition 

transversion 

-conservative 

1 

DHF 

 

1 ATG: ATA methionine: 

isoleucine 

nonsynonymous transition conservative 

 2 CTA: CTC 

 

 synonymous transversion - 

2 

DHF 

 

1 AAT: ATT asparagine: 

isoleucine 

nonsynonymous transversion drastic 

 2 GCT: GGT alanine: 

glycine 

nonsynonymous transversion conservative 

 3 ACA: TCA threonine: 

serine 

nonsynonymous transversion conservative 

1 

DSS 

1 TGG:TGC tryptophan: 

cysteine: 

nonsynonymous transversion  

Total 9   2/8 3/7 2/5 
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4.8.2.ii Premembrane 

For premembrane gene, total six clones from all five samples were selected. 

Their detail is given below (Table 4.5).   

4.8.2.ii.a DF samples 

From sample 1DF, three out of eleven clones had sequences different from their 

parental genomic sequence. Clone-1 had a synonymous mutation of ACA to ACG at 

nt144. In clone-2, deletions in G(CA) at nt281 and nt282 resulted in a stop codon and 

changed the frame of the ORF. While in clone-3 there was a mutation at nt279 of GTG 

to GTA. 

Sample 2DF could only yield one clone out of nine that differed from its parental 

genomic sequence. This clone had an insertion of C at nt427 that changed the reading 

frame of the protein (Table 4.5).  

4.8.2.ii.b DHF samples 

Out of 15 clones, no mutated premembrane clones could be picked for this 

sample.  

4.8.2.ii.c DSS samples 

For DSS sample, only one clone was identified that was different from its original 

sequence. This clone had a transitional mutation at nt150 of Act to ACT (Table 4.5). 
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Table 4.5- Premembrane clones and mutations observed in them 

 

4.8.2.iii Envelope 

For envelope gene, a total of nine clones were identified from all five samples 

(Table 4.6). 

4.8.2.iii.a DF samples 

Eighteen envelope clones were picked for sample 1DF out of which mutations 

were detected in only two clones. Clone-1 and clone-2 had mutations at nt501 and 

Sample Clone 

No. 

Codon 

change 

Amino acid 

change 

Synonymous/ 

nonsynonymous 

Transition/ 

transversion 

Drastic/ 

conservati

ve 

1 DF 1 ACA:AC

G 

 synonymous transition  

1 DF 2 GCA: G-- deletion   stop codon 

1 DF 3 GTG: 

GTA 

 synonymous transition - 

2 DF 1 C insertion    

1 DHF 1 ACC:TCC threonine: 

serine 

nonsynonymous transversion conservativ

e 

2 DHF 0 - - - - - 

1 DSS 1 ACT:ACC  synonymous transition - 

TOTAL: 6   3/1 3/1  
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nt101, respectively. Out of 15 clones, in clone-1 and clone-3 of sample 2DF, mutations 

were identified at nt225 nt1467, respectively. In clone-2 there was an addition of A at 

nt1328 which resulted in drastic change of reading frame by adding stop codons in the 

protein (Table 4.6).  

4.8.2.iii.b DHF samples 

For sample 1DHF, only one clone out of 15 clones had mutation at nt339 of ATT 

to ATG. Total 20 clones of 2DHF were picked out of which two clones; clone-1 and 

clone-2 had mutations at nt810 and nt838, respectively (Table 4.6). 4.8.2.iii.c DSS 

samples Only ten clones could be picked for 1DSS. Its one mutated clone, clone-1 had 

a mutation at nt562. It was a transversion change of AGA to CGA that was a 

synonymous change. 
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Table 4.6- Envelope clones and mutations observed in them 

 

4.9 Selection pressure 

A detailed analysis of selection pressure was carried out on the data sets using 

CODEML in PAML package (Yang et al., 2000). In this codon analysis site models 

were used to identify any site under positive selection. Data sets containing isolates 

Sample Clone 

No. 

Codon 

change 

Amino acid 

change 

Synonymous/ 

nonsynonymous 

Transition/ 

transversion 

Drastic/ 

conservative 

1 DF 1 TCC:TCT  synonymous transition  

1 DF 2 ATG: 

ACG 

threonine: 

nonpolar 

nonsynonymous transition drastic 

2 DF 1 CCA:CCG  synonymous transversion  

2 DF 2 A addition    stop codon 

2 DF 3 TTG:TTA  synonomous transversion  

1 DHF 1 ATT: ATG isoleucine: 

methionine 

nonsynonomous transversion conservative 

2 DHF 1 ATC: ATA  synonymous transversion  

2 DHF 2 CAC: 

CTC 

histidine: 

leucine 

nonsynonymous transversion drastic 

1 DSS 1 AGA:CGA  synonymous transversion  

TOTAL: 9   5/3 2/6  
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from severe dengue, classical dengue, American genotype and Cosmopolitan genotype 

were analyzed (Table 4.7).  

4.9.1 Severe dengue data set 

In severe dengue isolates, model with highest likelihood, M3, identified more 

74% of sites under strong purifying selection (w<0.05) while 25% of sites were 

moderately conserved (w<0.5). Only 1.9% sites were under adaptive selection (w= 

2.68). On this group, M3 rejected models M2 and M1 with p<0.05. While M8 could not 

reject model M7 which does not take positive selection in consideration. Only one site 

V409 was detected by model M3 with p>90%. This site corresponds to codon 129 in 

envelope gene (Table 4.7). 
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Table 4.7- Selection analysis for positive sites showing chosen site model and identified codons  

DATA SET MODEL LRT* CHOSEN MODEL PARAMETERS* SELECTED 
SITES 

DENGUE-
SD 

M1-M3  

p = 0.093 

M2-M3  

p = 0.01 

M7-M8  

p = 0.6 

 

p0 = 0.74669   

 

w0 = 0.00000  

 

V409 (V97-E) 

p1 = 0.25142   

 

w1 = 0.25135   

 

p3 = 0.00189 w2 = 2.68877 

 

DENGUE-
CD 

M1-M3 

p = 0.08               

M2-M3 

p = 0.01                  

M7-M8 

p = 0.6                

p0 = 0.89142   

 

 

w0 = 0.01704   

 

NONE 

p1 = 0.10858 

 

   

w1 = 0.45251 

p2 = 0.00000 

 

 

w2 = 46.83330 

IV M0-M2 

p = 0.2 

 

p0 = 0.97056   

 

 

w0 = 0.03240   M108- C      

V604 (V324-E)      

p1 = 0.02507 

 

 

w1 = 1.00000 

p2 = 0.000437   

 

 

w2 = 2.00000   

 

*Chosen model is highlighted in Bold. 



 

 

88 

88 

4.9.2 Classical dengue data set 

In this data set, again model M3 rejected other models with p<0.05. In classical 

dengue isolates, 89% of sites were strongly conserved with w=0.01 and the remaining 

sites were moderately conserved or under purifying selection with w<0.05. No site was 

under weak or strong positive selection in dengue fever isolates (Table 4.7). In this data 

set M8 also did not reject model M7. 

4.9.3 Cosmopolitan/American genotype 

No positive selection was detected in American genotype whatsoever and 

neither of the alternative models could reject null models which did not take positive 

selection into account. Cosmopolitan genotype showed signals of weak positive 

selection. Although the model with strongest LRT was M2 with p<0.5, yet it is included 

since it showed weak selection with 0.04% of sites (Table 4.7). This model identified 

two codons with p>90%, M108 and V604.  

4.10 Episodic Selection 

MEME analysis was run for different data sets to identify codon sites under 

episodic selection.  Overall, MEME analysis recognized five sites under episodic 

selection at p<0.05 (Figure 4.21). These sites were 108, 276, 507, 604 and 687 (Table 

4.8). Codon 604 was under strong episodic diversifying selection as given by p= 

0.0005.  
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Figure 4.21- Graph showing five residues 108, 276, 507, 604, 687 under episodic selection in 

dengue-2 isolates at p<0.05 

Table 4.8- MEME analysis showing codons under episodic selection. Their representative positions 

in genes are also given. 

DATA 

SET 

CODON 

SITE 

POSITION IN 

GENE 

DNA CODON AMINO ACID 

DENGUE 108 Capsid 108 CTG/ TTG/ ATG/ CGG/ 

TTA 

Leucine/ 

Methionine/ Arginine 

 276 preMembrane 162 GCT/ GTT Alanine/ Valine 

 507 Envelope 227 CAA/ CCA Glutamine/ Proline 

 604 Envelope 324 GTG/ GTA/ ATA Valine/ Isoleucine 

 687 Envelope 407 AGG/ AGA/ ATA Arginine/ Isoleucine 

DENGUE-

CD 

108 Capsid 108 CTG/ TTG/ ATG/ CGG Leucine/ 

Methionine/ Arginine 
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 276 preMembrane 162 GCT Alanine 

 540 Envelope 260 ATG/ TTG Methionine/ Leucine 

 604 Envelope 324 GTG/ GTA/ ATA Valine/ Isoleucine 

 687 Envelope 407 AGG/ AGA/ ATA Arginine/ Isoleucine 

DENGUE- 

SD 

276 preMembrane 162 GCT/ GTT Alanine/ Valine 

 765 Envelope 485 GTG/ ATA Valine/ Isoleucine 

CD-

PAKISTAN 

108 Capsid 108 CTG/ CGG Leucine/ Arginine 

 534 Envelope 254 GGA/ GTT/ GAT Glycine/ Valine/  

 557 Envelope 277 CTA/ CCA Leucine/ Proline 

 

4.10. 1 Severe Dengue isolates 

In severe dengue (SD) isolates, only two sites were identified under episodic 

selection, codons 276 and 765 (Figure 4.22). At codon site 276 which corresponded to 

site 162 in premembrane gene, all sequences had GCT while only four Pakistani 

sequences had GTT codon. Codon site 765 was unique for this group as site 276 was 

under episodic selection in all data sets. Site 765 corresponded to site 485 in envelope 

gene. At this site all sequences had GTG while two from Asian American genotype had 

ATA (Table 4.8). Tree shows that site 276 was under strong episodic selection in 

branches that lead to isolate16681, which was used to construct dengue vaccines, and 

in some branches of Pakistani isolates (Figure 4.23). This is denoted by red line in 
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figure. In other branches this sites was under normal episodic selection as denoted by 

blue lines.  

 

Figure 4.22- Graph showing two residues 276, 765 under episodic selection in dengue-2 SD 

isolates at p<0.05 

4.10.2 Classical Dengue isolates 

In data set of genomic sequences of classical dengue (CD), five sites were 

identified; 108, 276, 540, 604, 687 (Figure 4.24). Site 540 was unique to this group as 

all other sites were common in data set of all dengue sequences. This site 

corresponded to codon 260 in envelope gene. At this site ATG was the common 

nucleotide codon with only three TTG in Pakistani sequences (Figure 4.25). 
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Figure 4.23- Episodic selection at site 276 (P162) in different branches in severe dengue isolates  
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Figure 4.24- Graph showing residues 108, 276, 540, 604, 687 under episodic selection in dengue-2 

CD isolates at p<0.05 

 

Figure 4.25- Episodic selection at site 540(E260) in different branches in classical dengue isolates  
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4.10.3 Pakistani isolates 

Episodic selection was detected in Pakistani isolates of only classical dengue at 

p=0.05 (Figure 4.26). Severe dengue isolates showed sites of episodic selection at a 

much higher p<0.5 which is not significant for selection analysis. Hence, selection in 

classical dengue was considered to be reported in this study. These sites were, 108, 

534 and 557. Sites 534 and 557 corresponded to codons 254 and 277 in envelope 

gene, respectively. At site 534, amino acid glycine was present except in two 

sequences. At site 557, six isolates had proline while all other isolates had leucine as 

amino acid. At site 108, all isolates had leucine while only two differed with arginine in 

them (Table 4.8).    

 

Figure 4.26- Graph showing residues 108, 534, 557 under episodic selection in dengue-2 CD 

Pakistani isolates at p<0.05 
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4.11 Bayesian Networks for disease severity 

4.11.1 Severity related attributes 

CFS iterations narrowed down 11 polymorphic sites out of 372 which could be 

relevant to disease severity (Figure 4.27). Total 5834 subsets were evaluated out of 

which best subset chosen had heuristic score of 0.26. This subset had eleven 

predictive attributes spanning across all three genes and 5’UTR region. Nucleotide site 

5’UTR40 was first position in codon GAG. This site had A in three classical dengue 

isolates of Pakistan. Nucleotide site C30 was third in codon. This nucleotide was 

replaced by nucleotide C in most isolates of Thailand and American genotype. 

Nucleotide site C78 was third in codon GTG. Codon GTA was present in sequences of 

classical dengue American genotype and China. Nucleotide P163 was at first position 

in codon CTC. This C was replaced by T in codon TTT in NGC and American 

genotype. Other nucleotide site of premembrane P195 was at third position in codon 

GAC. This C was replaced by nucleotide T in almost half of the isolates. P462 had 

polymorphism with nucleotides T, C and A. Site E201 in codon AAC had polymorphism 

with C and T. At place E480, G was replaced by A in isolates in codon AAG. Nucleotide 

site E654 fell at third position in codon TTA where it was replaced by G in some 

isolates. Nucleotide position E1001 lied in the middle of three-based codon AAA where 

G was replaced at this position in other isolates. Finally, the last relevant attribute, 

E1119, had polymorphism of C and T in codon TTC.  



 

 

96 

96 

4.11.2 Bayesian severity network 

Bayesian network in the form of BN classifier was run on these nt-sites to see 

how they related to each other. Site P163 was connected to C30 through C78. In the 

same manner, site E654 was linked to site C30 through C78. E1001 and E1119 were 

linked to each other. P195 was linked to E201 of envelope gene. Nucleotides of capsid 

region C30 and C78 were connected to sites P462 and E480 through P163. 5’UTR40 

was linked to E480 through P62. The longest connection of sites included C30 to C78 

to P163 to P462 to E480 (Figure 4.27). Performance of this network was evaluated by 

using four matrices which had following values: sensitivity (75%), F-measure (91%), 

classification accuracy (89%) and specificity (80%). 

 

Figure 4.27- Disease severity- relevant Bayesian Network of dengue serotype-2. Nodes (nucleotide 

sites) are connected to each other by edges or vertices showing relationship among the sites. 
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4.12 Coevolving sites 

A detailed analysis of coevolution was carried out. Inter protein coevolution 

among sites was identified in sets of classical and severe dengue with differing 

patterns. Coevolving groups in severe dengue isolates involved more membrane and 

envelope proteins residues than capsid protein residues while in classical dengue 

isolates, all three proteins had almost equal representation. In intra-protein analysis, 

coevolving groups were identified in capsid and premembrane genes of severe dengue 

isolates. Envelope gene in classical dengue isolates had groups of coevolving residues 

in it. No inter and intra coevolution could be found out in classical and severe dengue 

isolates from Pakistan (Table 4.9).   

Table 4.9- Coevolving residues with their corresponding positions in genes 

DATA SET RESIDUE INDICES POSITION IN GENE* AMINO ACID 

 

DENGUE-SD 10, 129, 153 C10, P15, P39 N, S, M 

104, 363, 626 C104, E83, E346 M, N, H 

108, 113, 332 C108, C113, E52 L, M, Q 

108, 143, 332 C108, P29, E52 L, D, Q 

108, 326, 332 C108, E46, E52 L, I, Q 

130, 506, 670 P16, E226, E390 R, T, N 

166, 196, 262, 351, 429 P52, P82, P148, E71, 

E149 

K, T, H, E, H 

DENGUE-CD 9, 101, 363, 626 C9, C101, E83, E346 K, S, K, Y 
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10, 129, 153 C10, P15, P39 N, S, M 

104, 196, 262, 351, 429 C104, P82, P148, 

E71, E149 

M, T, H, E, H 

145, 169, 351, 361, 670 P31, P55, E71, E81, 

E390 

V, L, E, S, N 

196, 262, 266, 351, 429 P82, P142, P152, 

E71, E149 

T, H, A, E, H 

275, 419, 442 P161, E134, E162 V, I, I 

Capsid- SD  C9, C101, C104 K, S, M 

Envelope- CD  E71, E81, E390 E, S, N 

preMembrane- 

SD 

 P52, P82, P148 K, T, H 

*E= envelope, P= premembrane, C= capsid 

4.12.1 Inter protein coevolution 

4.12.1.a Severe dengue isolates 

In isolates of severe dengue, total seven groups of coevolving residues were 

identified. Their corresponding positions in respective proteins are given in table (Table 

4.9). Sites L108 in capsid region and residue Q332 were involved in three groups of 

coevolving sites. These two sites coevolved with other three sites; two of premembrane 

M113 and D143 and one site on envelope gene I326 (Figure 4.28). Residue M104 of 

capsid protein coevolved with two residues of envelope gene N363 and H626. One site 

of envelope gene K614 was also linked to M104 (Figure 4.28). Two sites, one of capsid 

protein N10; and other of membrane protein S129 were linked to membrane site of 
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M153 which coevolved with a site in envelope protein M620 (Figure 4.28). In group C, 

envelope site T506 individually coevolved with V112 of capsid protein and I420 of 

envelope protein. This same site T506 made a group with R130 of membrane protein 

and N670 of envelope protein (Figure 4.28). A large group involving five sites was also 

identified. In this group envelope sites E351 and H429 and membrane sites K166, T196 

and H262 coevolved with each other (Figure 4.28). Lastly two valine residues of 

envelope protein V409 and membrane protein V234 coevolved (Figure 4.28).    

 

Figure 4.28- Coevolving residues in structural proteins of dengue-2 SD. Colors indicate different 

proteins: Purple- Capsid, Orange- premembrane, Green- Envelope. 

4.12.1.b Classical dengue isolates 

In classical dengue isolates six coevolving groups were identified (Figures 4.29 

and 4.30). Classical dengue isolates had more complex coevolving groups than severe 

dengue data set. One group had capsid S101 and K9 and envelope Y626 and K363 

residues (Figure 4.29). Capsid protein residue coevolved with membrane protein 
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residues M153 and S129 just as in severe dengue isolates. But here residue S129 was 

linked with membrane protein residue A234 (Figure 4.29). Envelope residue Q332 

individually coevolved with M113, L108 and D143 (Figure 4.29).  

 

Figure 4.29- Coevolving residues in structural proteins of dengue-2 CD isolates. Colors indicate 

different proteins: Purple- Capsid, Orange- premembrane, Green- Envelope. 

Three complex coevolving groups were identified where E351 (E71-Envelope) of 

envelope protein was present in all groups. In these groups complex relationships could 

be spotted among the sites. One group had M104, T196, H262, E351, H429 residues. 

While T196, H262, E351, H429 were linked to A266 (Figure 4.30). A266 coevolved with 

another envelope protein residue I442 which was a member of a separate coevolving 

group (Figure 4.30). Residues V145, L169, E351, S361 and N670 coevolved in a 

separate group (Figure 4.30).   
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Figure 4.30- More coevolving residues in structural proteins of dengue-2 CD isolates. Colors 

indicate different proteins: Purple- Capsid, Orange- premembrane, Green- Envelope. 

4.12.2 Intra protein coevolution 

Not all structural genes of this data set showed coevolution in them (Table 4.9). 

4.12.2.1 Severe dengue isolates 

Capsid, membrane and envelope of severe dengue isolates had coevolving 

groups and pairs (Figure 4.31 and Figure 4.32). Envelope protein of severe dengue 

isolates had only one pair of coevolving residues of I421 (I141-E) and T506 (T226-E) 

(Figure 4.28).  
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4.12.2.2 Classical dengue isolates 

Only envelope protein belonging to classical dengue viruses had coevolution in 

it. This protein had one group and several pairs of amino acids under coevolution 

(Figure 4.33 and 4.34).  

    

 

Figure 4.31- Coevolving residues in capsid protein of dengue-2 SD isolates.  

 

Figure 4.32- Coevolving residues in premembrane/ membrane protein of dengue-2 SD isolates.  
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Figure 4.33- Coevolving residues in envelope protein of dengue-2 CD isolates.  

 

Figure 4.34- More coevolving residues in envelope protein of dengue-2 CD isolates.  
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5- DISCUSSION 

 

Dengue infection has become significant arboviral infection. This is most 

common in subtropical and tropical regions of the world. The number of reported cases 

has continued to increase with the passage of time. According to World Health 

Organization (WHO) fact sheet, nearly 2.4 million dengue cases have been reported in 

year 2010 alone (WHO fact sheet no. 117, revised 2015). Dengue infection is caused 

by dengue virus which belongs to Flaviviridae family. This virus has four serotypes, 

dengue 1 to 4 that circulate in blood. Genome of this virus is single stranded RNA 

(ssRNA) with positive polarity and is approximately 11kb in length. Its open reading 

frame encodes three structural genes (capsid C, pre-membrane prM, envelope E) and 

seven nonstructural genes (NS1, NS2a, NS2b, NS3, NS4a, NS4b and NS5). Both 5' 

and 3' ends are flanked by short non-coding regions (Dash et al., 2004). 

Many outbreaks of dengue infection have erupted in Pakistani region in last 

decade since the first reported dengue infection in our region (Hayes et al., 1982). In 

2011, dengue infection out broke in Punjab province of Pakistan. This is the worst 

documented outbreak of Pakistan till date. This epidemic recorded 22,562 cases and 

363 deaths due to severe DHF (Rasheed et al., 2013). Due to its importance, this study 

was conducted on samples from 2011. A total of 495 serum samples along with their 
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demographic and biochemical data were included in this study. For molecular 

characterization of the virus, samples should be collected in acute phase of infection. 

As use of serum sample for viral isolation has been advocated previously in many 

studies (Dash et al., 2006; Gubbler, 1998; Leitmeyer, 1999), therefore, viral RNA was 

extracted using serum as sample.  

Demographic patters of age and gender were inferred for Pakistan. A study 

conducted on data from six countries with different economic and cultural backgrounds 

showed excess of males in all infected age groups. In Sri Lanka, 55.9% of studied 

cases were males during 1996-2003. During 1999-2006 in Singapore, 60.7% of 

infected cases were males ≥15 years of age (Ankir and Arima 2011). In consistence 

with these findings, more males got infected with dengue virus in our area (Figure 4.2). 

Gender- dependent infection pattern in studied outbreak is in contrast with that found in 

South America where higher percentage of females got infected with the virus (Martin 

et al., 2010a). In our study equal number of both genders was reported in patients less 

than 16 years of age. A previous study from Pakistan reported higher percentage (61%) 

of seropositive males than females through 2003-2007. This trend progressed with 

more cases of IgM positive females being reported gradually over their studied duration 

(Khan et al., 2010).  

Dengue infection is considered as pediatrics’ disease (Guha-Sapir and 

Schimmer 2005). In Sri Lanka, from years 1996-1999 children made upto 60% of 

reported cases which dropped to 40% in 2001-2005 (Ankir and Arima, 2011). In this 

studied outbreak in Punjab, adults were more prone to dengue viral infection which is in 

line with recent studies in South East Asia that show rapid demographic transition in 
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age of infection (Thai et al., 2011).  A decreased trend in median age of dengue 

infected patients from 32.0 years in 2003 to 24.0 years in 2007 (p=0.001) was reported 

and hypothized that acquired immunity has increased in adult population due to earlier 

exposure by circulation of main serotype 2 in region since 2004. As serotype 2 was first 

documented in Karachi in 1994 DHF outbreak, there can be a decrease in median age 

of infected patients due to long circulation of this serotype in that region (Khan et al., 

2010). However, a major outbreak due to serotype 2 was reported in 2003 in Punjab 

which can be a reason of comparatively raised median age of 28 years in population of 

Punjab (Ali et al., 2006). In addition, the median age of female dengue patients was 

significantly lower than males i.e., 25.0 years as compared to 28.0 years  which is the 

same trend observed previously (24.2 years compared to 25.9 years; p=0.001) (Khan 

et al., 2010).  While the group reported highest proportion of seropositivity in patients 

aged 26–40 years in 2003 and 2004, this trend was seen shifted to patients aged 11–

25 years in 2005–2007. However in our data, 24.8% patients belonged to group 16-25 

years and 29.9% fell in age group 26-35 years (Figure 4.2).   Everyday life settings play 

a significant role in exposure to biting of Aedes mosquito thereby infecting more male 

adults as compared to females. Lesser number of infected females and children show 

that our households are safer than outside environment. 

All the serotypes of dengue virus have been reported from time to time as the 

cause of dengue infection in Pakistan. However serotype 2 remains the dominant 

serotype in our region with serotype 3 as the second prevalent serotype (Fatima et al., 

2011). And as the prevalent pattern of serotypes in Pakistan, all samples had infection 
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with serotype-2 in included samples. All the previous outbreaks have been attributed 

mainly to serotype 2.  

Multiple serotypes of dengue virus can be infected to humans through 

mosquitoes. Different serotypes present in that area as well as high population of 

vector can be the enhancing reasons to transmit multiple serotypes (Wenmimng et al., 

2005; De Carvalho Araújo et al., 2006). In this study also, few samples had concurrent 

infection with serotype-3. This serotype may be newer to our region as it was first time 

reported in 2005 outbreak from Karachi (Jamil et al., 2007). It was reported in 2008 

from Lahore (Humayoun et al., 2010). Co-circulation and concurrent infections 

emphasize on the fact that Pakistan has become hyper-endemic to this virus and its 

vector (Fatima et al., 2011). Circulation of multiple serotypes in a region can lead to 

recombination events through which more virulent forms of virus can evolve (Santos et 

al., 2003). But no recombination could be detected among the strains in this study. 

Perhaps increasing the samples size further could detect any recombination event if 

present.  Other authors have observed that dual infections may lead to less severe 

infection as opposed to the hypothesis that concurrent dengue infections cause severe 

disease (Santos et al., 2003; De Carvalho Araújo et al., 2006).  

Due to a lifecycle that involves two hosts, mosquitoes and humans, the rate of 

variation among dengue virus may be less. For this reason, genotypes of dengue virus 

are classified on less than six percent of nucleotide variance within a selected genomic 

region (Rico-Hesse 1990; Dash et al., 2004). Phylogenetic analysis was carried out to 

draw dendrogram for dengue-2. Serotype 2 circulating in Pakistan belonged to 

genotype IV (Figure 4.7). Strains from northern India, China, Sri Lanka, Bangladesh, 
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Kingdom of Saudi Arabia and Indonesia also fall in this subtype (Dash et al., 2004).  In 

concordance with previous studies, the Dengue outbreak- 2011 did not had any 

different genotype of serotype 2 circulating in Pakistan (Fatima et al., 2011; Idrees et 

al., 2012). All sequenced isolates of Pakistani origin fell in clade IV-B of cosmopolitan 

genotype as has show in Figure 4.7 and Figure 4.8. Phylogenetic link among six 

genotypes of dengue-2 is such that Asian-I is the first genotype to diverge after the 

sylvatic strains in the tree (Twiddy et al., 2002a). Here, Asian-I genotype was followed 

by Asian-II, Asian-American and American genotypes. Cosmopolitan genotype was the 

last one to diverge on tree and in that genotype; clade IV-A diverged before clade IV-B 

(Figure 4.8). 

In dengue pathogenesis, one aspect is important which has been studied by 

different groups. This is, whether changes in viral genome play a significant part in 

determining which infection will be dengue fever or DHF/DSS.  Infecting viral strain and 

immune condition of the host play significant part in dengue infection (Gubler 2002; 

Guzma’n and Kouri 2002; Green and Rothmann 2006). Studies relate different dengue 

strains to mild or severe outbreaks (Gubler et al., 1978; Messer et al., 2003; Rico-

Hesse et al., 1997b; Watts et al., 1999; Gubler et al., 1981). This was also checked in 

mosquitoes were different dengue strains had different abilities to replicate in 

mosquitoes (Gubler and Rosen 1977). Hence, it has been argued that variations at viral 

genome level affect the outcome of dengue infection and because some strains evolve 

and replicate faster can cause DHF/DSS (Rosen 1977).  

Many studies have worked on whole genome to finding molecular determinants 

of dengue virus that are associated with severe or mild dengue infection. Mangada and 
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Igarashi worked on eight dengue genomes but could not find any significant change 

between strains causing DF or DHF (Mangada and Igarashi 1998). Another study 

focused on seventeen dengue strains from southern Taiwan during 2001 and 2002 

outbreaks. But this group could not find any noteworthy change that could be related to 

disease severity.  So they reported that perhaps host dynamics like age, nutritional 

status, and major illness might play an important role in disease severity (Chen et al., 

2008). Another group reported a link of diabetes and hypertension with severe dengue 

infection (Lee et al., 2005). In studied samples no such link between age or gender and 

disease severity could be found out. Studying whole alignment of structural portion of 

dengue- 2 revealed no such changes that could be attributed to severe or mild 

infection. However few nucleotide and amino acid changes could be observed in 

Pakistani isolates which differed in DF and DHF/DSS samples. Although these changes 

were not present in “all either DF or DHF/DSS” isolates but some result could be 

inferred from them (Figures 4.9- 4.21). Four of these nucleotide changes fell in codons 

in premembrane gene, P3, P27, P71 and P93. The other nucleotide changes had 

corresponding codons in envelope gene, E264, E403 and E277. E277 was under 

episodic selection in CD isolates of Pakistan also (Figure 4.27). First nucleotides in 

codon E442 and E324 showed some difference in DF and DHF/DSS samples (Figure 

4.13 and Figure 4.15). E324 was under episodic selection in dengue isolates as well in 

CD isolates (Figure 4.25). No notice able change was observed in capsid region.   

Scientists argued that not only genomic changes but lineages were also 

correlated to different manifestations of dengue infection. Some lineages had potential 

to cause severe dengue while others did not (Lambrechts et al., 2009). Shift in 
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genotypes from American to cosmopolitan has been affirmatively attributed to larger 

and more virulent outbreaks (Dash et al., 2004). One of such initial and decisive study 

was by Leitmeyer and colleagues where they identified few genomic and residual 

changes between American and Cosmopolitan genotypes. One of the important 

structural residual element was E390 and they reported that change at this residue 

added to virulence of cosmopolitan genotype (Leitmeyer et al., 1999). Similarly, another 

study reported that asparagine residue at position 390 of E protein of the cosmopolitan 

genotype was responsible for enhanced replication of dengue virus in macrophages 

(Pryor et al., 2001). Besides, this genotype had selective advantages in human cells 

and mosquitoes over American genotype (Cologna et al., 2005). In this present study, 

few changes were observed between these two genotypes as well. The only nucleotide 

change observed was at nt447 which corresponded to codon 3 in membrane protein. At 

this nucleotide, all of the American nucleotides as well as few other CD isolates had G 

in them while all cosmopolitan isolates and other SD isolates had A in them (Figure 

4.18). Other observed changes were in amino acids of envelope protein. Residues 

E149 and E71 had variations in genotypes (Figure 4.19 and Figure 4.20) as well as 

they co-evolved together in CD isolates (Figure 4.31). Both of these amino acids co-

evolved with membrane protein residues in SD isolates (Figure 4.29). However, in CD 

isolates, residue E71 was member of co-evolving group involving several capsid and 

membrane residues (Figure 4.31). Variations were observed at E390 as already 

reported (Leitmeyer et al., 1999). At this residue cosmopolitan genotype had an S while 

American genotype had a D. All other genotypes had N in them. This residue was 

coevolving with other envelope residues including E71 in CD isolates (Figure 4.31). In 
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SD isolates it coevolved with E226 and P16 (Figure 4.29) while in CD isolates, it was a 

member of coevolving amino acids group that had E71 in it.      

Envelope protein in particular is important for virus as it contains binding sites to 

host cell. For this reason it is also the extensively studied protein of dengue virus in 

structural region. This protein has three domains. Domain-I spans from 1aa-51aa, 

134aa to 195aa and 284aa to 291aa. Molecular hinge region resides in this domain 

which is involved in the conformational changes that take place at low pH in the 

endosome. Domain-II spans through aa52 to aa133 and aa196 to aa283.  This domain 

has the fusion peptide and is involved in the dimerization process. The third domain, 

domain-III is from residue 291 to aa395 and there is a 53 residue stem part which links 

folded segment with transmembrane anchor. This domain is mainly responsible for viral 

attachment to the cell (Modis et al., 2004). Envelope protein has binding sites for highly 

sulphated heparin sulphate (HSHS) molecules in residues E306-E314. These HSHS 

are present on cell surface and have role in virus infectivity (Chen et al., 1997; Thullier 

et al., 2001). In CD isolates, E308 site coevolved in envelope protein (Figure 4.35).  

Residues E71 is governed in escape neutralization mutants (Salazar et al., 

2010). In studied samples, this codon was involved in extensive coevolving groups in 

CD isolates. While in SD isolates, it coevolved with other envelope and membrane 

protein residues only. The other important one is E390 residue which is involved in 

binding to host cell (Salazar et al., 2010). Both of E71 and E390 coevolved in CD 

isolates. Site 277 lies in region 270-279 where the mutations for pH threshold for fusion 

are concentrated (Modis et al., 2003). This is under episodic selection in CD isolates of 

Pakistan (Figure 4.27). The N-glycosylation sites at E67 and E153 are engaged in 
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infection, propagation and secretion of the dengue virus in the host cell (Mondotte et 

al., 2007). Site E67 was attributed to disease severity in BN model. A study revealed 

region of C-terminus of Domain-I and Domain-II (E281-E423) that contain motifs for cell 

binding (Chen et al., 1996). E334 and E373 were two sites identified by CFS iterations 

that were relevant to disease severity (Figure 4.28). Although BN model alone can not 

be taken as a definitive method of identifying disease severity relevant sites, yet 

residues identified by CFS method can give an insight into important relevant sites.  

The premembrane protein spans to first 91 amino acids after which the 

membrane protein starts that cleaves in mature infectious dengue virus (Chang 

1997). Two preM residues, P28 and P31, differ in American and Cosmopolitan 

genotypes (Leitmeyer et al. 1999). Residue P31 coevolved with other envelope 

residues like E390 and E71 in CD isolates (Figure 4.31).  Stem region of membrane 

protein (P111-P131) interacts with Domain-II of envelope protein and helps in cell entry 

(Zhang et al., 2012). P120 of this region coevolved with envelope residue E129 in SD 

isolates (Figure 4.29). But in CD isolates it only coevolved with other premembrane 

residues. Residues 13 and 102-107 in capsid region of dengue virus helped in 

cancelling the antiviral effect of hSec3p (Buvanakantham and Ng, 2013). One of these 

residues, C104 coevolved with envelope amino acids on SD isolates (Figure 4.29). The 

5’UTR region is also known to play indispensible role during translation, RNA 

replication and assembly of dengue virus (Zuo et al., 2009). One disease relevant 

nucleotide site 40 was identified in BNC (Figure 4.28).  

Although dengue virus is an RNA virus; which are thought to undergo more 

mutations than DNA viruses; this virus has a much conserved genome which has an 
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estimated 1 nucleotide change per year (Dunham and Holmes 2007). Genome of 

dengue virus is under strong purifying selection (Holmes 2003; Twiddy et al. 2002b). 

There are few residues that under go diversifying selection (Twiddy 2002a; Bennett et 

al. 2003, Bennett et al. 2006,). Same results were found out in present study with few 

residues under positive selection. Low dN/dS ratio is present in arthropod-borne viruses 

(Holmes 2003). Site-selection could only identify one residue, E129, under positive 

selection. Two other residues, C108 and E292, were identified in cosmopolitan 

genotype but the model had high p-value of 0.2 (Table 4.7).  

It is reported that coevolving residues in proteins compensate for pathogenic 

missense mutations by another mutation to restore the fitness, structure and function of 

the protein (Kondrashov et al., 2002; Ferrer-Costa et al., 2007). Probably, for this 

reason more complex coevolving residues were present in CD isolates than in SD 

isolates. Due to more links among residues, pathogenic substitution at one residue 

could be compensated by other linked residues. This was particularly the case with E71 

and E390. Both of these residues were connected to many other residues in CD 

isolates as described already. As these two are important in virus infectivity, hence 

there pathogenic effect could be cancelled in CD isolates.  

RNA viruses mutate around one mutation in every 10,000 nucleotides (1x10-4) 

during natural replication (Smith et al., 1997) which is around one nucleotide mutation 

per dengue genome per replication (Drake 1993). These quasispecies populations 

must be regulated to maintain genetic and antigenic diversity in a stable manner. Wang 

and colleagues for the first time reported quasispecies in dengue-3 in 2002 (Wang et 

al., 2002). They then compared quasispecies derived from infected mosquitoes and 
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infected humans. Less diversity was reported in mosquito-derived viruses (Lin et al., 

2004). A study on dengue-2 derived from both mosquitoes and humans reported 

several genotypes as well as recombinant viruses within the same host (Craig et al., 

2003). However, no genotype change could be observed in studied clones of isolates of 

this study. Intra host diversity of studied samples indicated that frame shifts or 

nonsynonymous mutations were present more in DHF/DSS isolates than in DF isolates.  
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6- CONCLUSION 

 

Serotype 2 was present in 100% of samples with 26 samples with concurrent 

infections of dengue 2 and 3. Genotype-IV (cosmopolitan) was the cause of this 

epidemic. More males were infected with dengue virus as compared to female cases (t- 

p<0.01) in all samples as well as in different age groups (p=0.039). Male to female ratio 

(2.3:1) remained the same in all calculated age-groups ≥16 years however equal 

number of both genders were infected ≤15 years. In contrast to adult infections, 4.4% of 

patients were ≤15 years of age.  Calculated median age of infected patients was 

28±20. Median ages of individual both genders were evaluated and the median age of 

infected females (25.0±22.0) was far less than median age of male patients 

(28.0±20.0).  

Most of the non-synonymous amino acid changes were observed in clones of 

severe dengue isolates. A detailed analysis of sequence alignment showed few 

patterns that were common through out the genes. Most of the genomic changes were 

related to either genotypes or geographic region. However, few note able mutations 

could be seen. Twenty six changes were noticed which were exclusive to Pakistani 

isolates. In studied samples no such link between age or gender and disease severity 

could be found out. Studying whole alignment of structural portion of dengue- 2 
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revealed no such changes that could be attributed to severe or mild infection. However 

few nucleotide and amino acid changes could be observed in Pakistani isolates only 

which differed in DF and DHF/DSS samples. Although these changes were not present 

in “all either DF or DHF/DSS” isolates but some result could be inferred from them. 

Eight changes in nucleotides were noticed in Pakistani isolates of classical and severe 

dengue.  Four of these nucleotide changes fell in codons in premembrane gene, P3, 

P27, P71 and P93. The other nucleotide changes had corresponding codons in 

envelope gene, E264, E403, E277 and E324. 

Isolates from severe dengue (SD) and classical dengue (CD) infections were 

subjected to selection and coevolution analyses. Very few positively selected sites were 

identified which showed how strong dengue genome under purifying selection was. 

More coevolving residues were identified in CD data set than in SD isolates. Through 

CFS and BNC, a total of eleven nucleotide sites were identified that were relevant to 

disease severity.  
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APPENDIX-I 

0.5 M Ethylenediaminetetraacetic Acid, [EDTA] (1000 ml) 

EDTA     186.1 gm/L 

NaOH     Few pellets to dissolve EDTA 

Distilled water   To make volume up to one liter. 

10X Tris-acetate EDTA Buffer [TAE] (1000 ml) 

Trisma base     242 gm             

Acetic Acid              57.1 mL            

0.5 M EDTA                        100 mL     

pH     8.3 adjusted 

dH2O     To make volume up to one liter 

 DNA Loading Dye (10 ml) 

EDTA (0.5 M)    200 μl 

Glycerol (100 %)   3 ml 

Bromophenol Blue   0.025 gm 

Xylene Cyanol   0.025 gm 

dH2O      To make volume 10 ml 

2 % Agarose Solution (100 ml) 

Agarose    2 gm 

1X TAE Buffer   100 ml 

Ethidium Bromide (5mg/ml)  10 μl 
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APPENDIX-II 

PUBLICATION: 

Fatima, Z., Afzal, S., Idrees, M., Rafique, S., Akram, M., Khubaib, B., Saleem, S., 

Amin., I. and Shahid, M. (2013). Change in demographic pattern of dengue virus 

infection: evidence from 2011 dengue outbreak in Punjab, Pakistan. Public Health 127 

(9), 875-77. 
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