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Abstract
Dengue virus (DENV) and SARS-CoV-2 are single, positive-stranded RNA viruses 
infecting humans. The early clinical presentation of both viral diseases is quite 
similar, creating a serious challenge for healthcare providers to discriminate 
between the two diseases. Recent studies report cases of co-infection as well 
as cross-reactivity of DENV and COVID-19. Therefore, a retrospective study was 
designed to identify cases of co-infection/cross-reactivity and its severity based 
on Liver Function Tests (LFTs). We identified 38 cases of co-infection in a tertiary 
care hospital in Karachi, Pakistan during the year 2020. These cases were dengue 
NS-1 Ag or IgM/IgG antibody-positive along with SARS-CoV-2 RT-PCR positive. 
The serological profile of co-infected cases revealed that the pattern of dengue 
serology is mainly based on IgG positivity followed by IgG & IgM positivity. 
Whereas, a single case of positive NS-1 and a single case of only IgM positive were 
found. The finding supports that if it is co-infection then might be more common in 
secondary as compared to primary dengue infection and not causing severe liver 
damage. This study strongly suggests, to exclude the possibility of cross-reactivity 
of antibodies in this pandemic condition, dengue infection should be confirmed 
by using accurate methods (RT-PCR or Virus isolation). Secondly, this study alarms 
that the dengue-endemic countries are at a higher risk of misdiagnosis of viral 
infection. Therefore, precautionary measures by the government agencies should 
be taken in this pandemic situation to reduce dengue infection in future.

Keywords: Dengue; Co-infected; COVID-19

Introduction
Dengue fever is a geographically widespread viral disease 
transmitted by mosquito species Aedes aegypti or Aedes 
albopictus. It is an endemic disease in many tropical and sub-
tropical countries [1,2]. The prevalence of dengue infection is 
rising globally with 100 to 400 million cases and 22000 deaths 
per year. Recent reports estimate that it is an alarming situation 
in Asian countries, contributing 70%-75% of the burden of 
disease, especially in developing countries such as Pakistan, 
India, Bangladesh etc., [3,4]. In Pakistan, the recent outbreaks 
of dengue infection were recorded in 2018-2019 that revealed 
about a 15-fold rise in cases from 2018 (3,204) to 2019 (47,120). 
Out of 47,120, confirmed cases 12,053 and 33 deaths were 
reported from Sindh province [5,6]. 

In late 2019, a novel severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) emerged from Wuhan, China and 
spread to 216 countries with 117,476,803 confirmed cases and 

2,606,136 deaths worldwide. The World Health Organization 
(WHO) has declared the coronavirus disease 2019 (COVID-19) as a 
"Pandemic". Until now, Pakistan has reported 672,931 confirmed 
COVID-19 cases and 14,530 deaths [7]. This infection presents 
clinically with symptoms similar to dengue infection including 
headache, fever, nausea, skin rashes, vomiting, muscular pain, 
respiratory distress etc., [3,8]. Therefore, it is a challenge for 
healthcare professionals to discriminate dengue and COVID-19 
on early clinical presentation.

Recently, few countries have reported the co-infection of dengue 
and COVID-19, especially in dengue-endemic countries. These 
include Pakistan, Brazil, India, France etc., [9-12]. Co-infection is 
defined as the occurrence of dengue fever and acquiring COVID-19 
infection during the incubation period of dengue. Generally, 
the incubation period of dengue is 7-10 days; simultaneous 
infection of SARS-CoV-2 during this incubation period produces 
a co-infection. However, few studies from Singapore, Thailand, 
and Indonesia [13-17] etc., reported that it is the misdiagnosis 
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of COVID-19. SARS-CoV-2 positive cases initially misdiagnosed 
as dengue due to the false-positive results of dengue antibodies 
(IgM, IgG), but worsening of patient symptoms addresses the 
physician to test for COVID-19. The initial misdiagnosis as dengue 
infection leads to the spread of COVID-19 infection because of 
delay in case isolation and patient management.

Serological testing is an easy, useful and convenient way for 
rapid diagnosis of dengue. Numerous kits for dengue antigen 
or antibody detection were introduced several years ago. Based 
on serology, dengue infection is classified into primary and 
secondary infection. Primary infection is defined as a rise of IgM 
but not the IgG in the blood sample which is drawn within the 
early onset of infection (3-5 days). Whereas secondary infection 
is defined as the presence of IgG in the serum sample which is 
drawn within the early onset of infection (3-5 days). In secondary 
infection, dengue IgM may be positive or negative depending 
on the time interval of sample collection. IgM may be positive 
in the early phase of secondary infection [18,19]. However, for 
the confirmation of viral infection Nucleic Acid Amplification 
Test (NAAT) is performed using the Polymerase Chain Reaction 
(PCR) method [20]. But these advanced techniques are expensive 
and not commonly used in diagnosis as the cases are treated 
symptomatically, especially in low-income countries where 
diagnostic capabilities are limited. 

Pakistan is currently facing a COVID-19 pandemic that has spread 
across the country. Therefore, it can be estimated that Pakistan 
is also at high risk of possible co-infection or cross-reactivity. 
Therefore, this study aims to determine the current situation 
of co-infection or cross-reactivity in a tertiary care hospital in 
Karachi, Pakistan. Co-infection may lead to the severity and boost 
up the mortality rate by activating the Antibody-Dependent 
Enhancement (ADE) and cross-reactivity leads to inappropriate 
diagnosis and treatment. Furthermore, liver profile changes will 
be determined to identify whether the co-infected patients have 
severe liver damage. As liver is the main target organ of dengue 
as well as SARS-CoV-2 infection. Lastly, the serological profile of 
co-infected cases will be explored to classify the chances of cross-
reactivity of DENV with COVID-19 antibodies.

Methodology 
This was a retrospective study conducted at The Indus Hospital 
Karachi, Sindh Pakistan. The study approval was exempted by the 
Institutional Review Board (IRB) of the Interactive Research and 
Development (IRD_IRB_2021_01_015). The data was extracted 
from the Indus hospital electronic Management Information 
System (HMIS) in Microsoft Excel format, from the period of 1st-
Jan -2020 to 31st- Dec -2020. 

Selection criteria of co-infected cases 
Dengue positive cases detected on dengue NS1 antigen/dengue 
IgM/IgG antibodies along with COVID 19 RT-PCR positive during 
Dengue fever incubation period were selected as co-infected 
cases and were included in the study. 

Diagnosis of dengue infection 
Dengue NS1 antigen: It is a qualitative screening test of dengue 
infection by nonstructural protein NS1 antigen which is secreted 
in dengue infected patient sample. The test was performed on 
SD BIOLINE, standard diagnostics, Kenya test kit. It is a rapid 
detection method based on immune-chromatographic technique 
and performed on plasma or serum sample. 

Dengue IgG and IgM: To differentiate the type of infection, 
IgM and IgG antibody assays were performed by immune-
chromatography strip method (SD BIOLINE, Standard Diagnostics, 
and Kenya). SD BIOLINE test kit has greater sensitivity and 
specificity 94.2% and 96.4% for the classification of dengue cases 
into primary and secondary dengue infection respectively. 

Diagnosis of SARS-CoV-2 infection by RT-PCR
For qualitative screening of the SARS-CoV-2 virus, the 
nasopharyngeal swab samples were collected, the test was 
performed on a fully automated Cobas 6800 instrument (Roche 
Molecular Diagnostics, USA). Interpretation of results was done 
on amplification of target genes as COVID-19 positive or negative. 

Liver function tests 
The liver function tests include Total and Direct Bilirubin and liver 
enzymes i.e. Alanine aminotransferase (ALT), Gamma-Glutamyl 
Transferase (GGT) and Alkaline Phosphatase (ALP). Total and direct 
bilirubin was tested to assess the intrahepatic and extrahepatic 
cholestatic condition, whereas Alanine Aminotransferase (ALT) 
was performed to evaluate the synthetic functions of the liver. 
However, Alkaline Phosphatase (ALKP) and Gamma-Glutamyl 
Transferase (GGT) were measured to assess the hepatobiliary 
diseases. All the tests were performed on an Abbott Alinity C 
automated clinical chemistry analyzer that works on the principle 
of spectrophotometry. The cutoff values of each test results were 
considered based on reference ranges used by the laboratory.

Statistical analysis
The data was analyzed on Statistical Package for the Social 
Sciences (SPSS), Version 21.0. The chi-square test/Fisher exact 
test was applied for association studies.

Results 
In the one-year study period, a total of 16950 cases were 
suspected of dengue infection. Out of them, only 1753 cases 
were confirmed to have dengue infection having antigen/
antibody positive (NS1, IgM, IgG). Among the confirmed dengue 
cases, suspicion of COVID-19 was raised in (146%, 8.44%). The 
diagnosis of COVID-19 virus infection was confirmed by RT-PCR. 
The co-infection was provisionally confirmed in individuals that 
show positive results of COVID-19 RT-PCR within 10 days of 
dengue positive results of antigen/antibody test. However, (38%, 
2.11%) showed the confirmed co-infection of dengue-COVID-19, 
whereas few of them (4%, 0.22%) showed dengue and COVID-19 
infection at different intervals of the selected period of the year, 
ranging from 17,30,63,90 days respectively (Figure 1). 
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Frequency and trend of dengue and co-infection 
The highest number of confirmed dengue cases were reported in 
Oct-Dec (36.28%) followed by July-Sep (24.30%), and Jan-March 
(23.44%), whereas the smallest number of cases was reported 
in the interval of April-Jun (15.97%). A significant decline in the 
number of reported dengue cases was observed in April-Jun as 
compared to other month quartiles. In comparison, the frequency 
and trend of co-infected cases (38%, 2.11%) were calculated, 
which showed that the highest number of co-infected cases in 
Oct-Dec followed by July-Sept, then April-Jun. While no case was 
reported in the Jan-march quartile (Figure 2). 

Distribution of co-infected cases according to 
age and gender 
The demographic data i.e. age and gender distribution of co-
infected cases (38%, 2.11%) was assessed. It was found that, 
among the co-infected cases, most of them were found in the 
age group of 61-80 years followed by the 40-60 years of age i.e. 
older age group (Figure 3A). However, according to the gender 
distribution, (23%, 61%) were male whereas (15%, 39%) were 
females. So, male predominance was observed in the co-infected 
cases (Figure 3B).

Moreover, the association of the co-infection with demographical 
variables i.e. age groups and gender were calculated by comparing 
the two groups (I) Dengue with COVID-19 positive and (II) 
Dengue positive but COVID-19 negative. It was found that there 
is a significant positive association between the co-infection and 
age groups (p-value<0.029). While no association was observed 
between the gender and the co-infection cases (p-value<0.889) 
as shown in Table 1.

Liver function test of co-infected cases

Liver function test is recognized as a marker to predict the severity 
of dengue and COVID-19 infections. Therefore, any alteration of 
liver function test will be used to verify whether the co-infected 
cases have a severe or non-severe liver infection. It was observed 
that the frequency to order liver function tests was very high in 
co-infection. In this retrospective study, we successfully obtain 
the data of Liver Function Tests (LFTs) of thirty-six co-infected 
patients out of thirty-eight. Among these co-infected cases 
(36), the majority showed normal levels of liver function tests 
in comparison to reference values, that includes total bilirubin 
(31%,86.1%), direct bilirubin (27%, 75%), ALT (22%, 61.1%) GGT 

Selection criteria for the identification of the confirmed co-infection.Figure 1
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(34%, 94.4%), ALP (31%, 86.1%). Whereas a small number of 
cases, the total bilirubin (5%, 13.9%), direct bilirubin (9%, 25%), 
ALT (14%, 38.9%), (2%, 5.6%), GGT (2%, 5.6%) ALP (5%, 13.9%) 
revealed mild variations. The association studies in comparing 
the group (I) Dengue-COVID-19 positive and group (II) Dengue 
positive but COVID-19 negative showed no significant association 
with the liver function test as shown in Table 2. 

Serological testing of co-infected cases 
 Serological testing is necessary to determine the type of dengue 
infection. The co-infected cases were grouped based on the 
serotypes of dengue. Among the 38 co-infected cases (31%, 
81.57%) were seropositive for only anti-DENV-IgG antibody, 
whereas few co-infected cases (5%, 13.15%) were positive for 
serology anti-DENV IgM and IgG antibodies. However, only two 
co-infected cases were associated with primary dengue infection 
having positive serotype of only DENV-NS1 antigen (2.63%) and 
IgM positive (2.63%) respectively (Table 3).

Frequency and interquartile trends of dengue and 
dengue COVID-19 co-infection.

Figure 2

Demographics (age, gender) distribution of co-
infection.

Figure 3

Variables 
Number of co-

infected cases (%)
Number of  dengue + 
COVID-19 - cases  (%)

P-value

Age (years)

<20 2(5.3) 17(16.0)

0.029

20-40 4(10.5) 31(29.2)

41-60 14(36.8) 25(23.6)

61-80 17(44.7) 30(28.8)

>81 1(2.6) 3(2.8)

Gender 

Male 23(61.5) 46(43.4)
0.889

Female 15(39.5) 60(56.6)

Table 1: Association of demographic variables with co-infection.

Liver function test Levels Ranges Number of co-infected cases (%) Number of dengue+ COVID-19 - cases (%) P-value 
Total bilirubin 

(mg/dl)
Normal 0.3-1.2 31(86.1) 73(78.5)

0.599
Altered >1.2 5(13.9) 20(21.5)

Direct bilirubin 
(mg/dl)

Normal 0-0.5 27(75) 66(71.7)
0.94

Altered >0.5 9(25) 26(28.3)

ALT (U/L)
Normal ≤45 22(61.1) 62(67.4)

0.23Altered 45-999 14(38.9) 27(29.3)
Severe 1000 0(0) 3(3.3)

GGT (U/L)
Normal <55 34(94.4) 77(83.7)

0.2899
Altered >55 2(5.6) 15(16.3)

ALP (U/L)
Normal <150 31(86.1) 68(73.1)

0.174
Altered >150 5(13.9) 25(26.9)

Table 2: Liver function tests of coinfected cases.

Type of dengue Serological testing Number of cases (%)

Primary dengue
NS-1 1(2.63)
IgM 1(2.63)
NS1 & IgM 0(0)

Secondary dengue
IgG 31(81.6)
IgM & IgG 5(13.2)
NS1, IgM & IgG 0(0)

Table 3: Dengue serological profile of the coinfected cases.
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Discussion
Dengue fever is a high burden endemic disease in the developing 
countries of Asia, where mostly the diagnosis is based on clinical 
symptoms and lab testing of Dengue NS-1 antigen or Dengue 
serology. Confirmatory test like reverse-transcriptase polymerase 
chain reaction (RT-PCR) is not usually required to establish the 
diagnosis. Unfortunately, the recently introduced COVID-19 
infection created an issue of misdiagnosis of the disease due to 
similar signs and symptoms. 

COVID-19 infection can be associated with multiple bacterial and 
viral co-infections [20,21]; nevertheless, co-infection of SARS-
CoV-2 with dengue virus is still scarce. It is still unclear about the 
frequency and severity of dengue-SARS-CoV-2- co-infection as 
there is no retrospective or meta-analysis data published so far. 
Therefore, the current study designed to identify the co-infected 
cases of dengue-COVID-19 in the tertiary care hospital of Pakistan 
located in Karachi. The data for the year 2020 of dengue was 
collected; filtered and co-infected DENV-COVID-19 cases were 
identified. Results suggested that, like other nations, Pakistan is 
also suffering from the situation of co-infection. This study reports 
a total of 38 cases of dengue-SARS-CoV2 co-infection in a tertiary 
care hospital of Pakistan and this was not the first study of co-
infection from Pakistan. Siddiqui et al., report the cases of DENV-
COVID-19 co-infection [9]. Few studies reported that this state 
of co-infection is basically due to cross-reactivity of SARS-CoV-2-
DENV antibodies and vice versa which leads to misdiagnosis as 
reported from other countries [12,13]. 

Furthermore, the frequency and trend of co-infected cases were 
studied. The highest number of cases was found in Oct-Dec 
followed by July-Sep and lastly in April-June quartiles. Similarly, 
the “High Alert” for dengue is the monsoon season (July-Dec), 
whereas, another report stated Sept-Oct is the utmost vulnerable 
period for the spread of dengue in Pakistan [22,23]. Conversely, 
for COVID-19, the situation was diverse, the major outbreaks 
of SARS-CoV-2 observed in May-July and Nov-Dec [7]. These 
simultaneous outbreaks of DENV and COVID-19 in the same 
quartile (Oct-Dec) increased the number of co-infected cases, as 
in this quartile highest number of co-infected cases was reported. 
However, no case was reported in the Jan-March quartile that 
may due to late onset of COVID-19 infection in Pakistan, as the 
first case diagnosed on 26th February 2020. Secondly, in the first 
quartile, there were no appropriate diagnostic facilitates available 
for COVID-19 testing.

 Additionally, demographical variables (age, gender) and their 
association with co-infected cases were explored in comparison 
of co-infected and non-co-infected cases. Results revealed that 
out of thirty-eight cases (14%,36.8%) and (17%,44.7%) overall 
about four-fifth of, co-infected cases fell in age groups of 41-60 
and 61-80 years of age respectively. As stated earlier, Dengue and 
COVID-19 virus affect more in the older age group as compared 
to the adults' group. But extensive former investigations suggest 
that dengue affects more in the age group of 20-60 years as 

compared to age >60 years [24,25], whereas chances of getting 
COVID-19 infection rise with the increase of age (>60 years) [26]. 
On the other hand, no significant association was found with 
gender whereas in dengue male preponderance is common 
[27]. The overall results are suggesting that the older age group 
as compared to adults are more prone to DENV-COVID-19 co-
infection however males and females can equally get co-infected.

The liver is the major target organ of damage by dengue and 
COVID-19 infection. A Liver Function Tests (LFTs) serves as a 
biomarker of severity in both infections [28,29]. So, in this 
study, LFTs profile was assessed to predict the severity of co-
infected cases. The basic idea is that in co-infection the liver 
derangement is expected to be augmented when two viruses 
are affecting the liver at the same time as discussed in Antibody-
Dependent Enhancement (ADE) response. ADE is represented 
by the binding of non-neutralizing antibodies with dengue virus 
followed by entrance of the antigen-antibody complex in the 
cell by fcy receptor that increases the viral load and thus the 
severity of disease which is enhanced in secondary infection 
[30]. In contrast, it was found that most of the co-infected cases 
have normal LFTs. However, a small number of cases showed 
variations in LFTs, but the association with co-infected cases was 
non-significant. However, it has been confirmed from previous 
studies that the liver function tests significantly altered in dengue 
patients especially in secondary dengue as compared to primary 
dengue infection and it leads to liver failure [29,31,32]. The 
majority of cases found in this study were secondary dengue co-
infected with COVID-19 but about two-third (22%, 61.1%) of co-
infected cases displayed the normal ALT levels, where some cases 
(14%, 38.9%) showed slightly elevated levels. Not a single case 
showed the ALT levels >1000 U/L which indicates that none of the 
cases had severe dengue infection according to WHO criteria (In 
severe dengue infection ALT>1000 U/L) [33]. In addition, recently 
Saddique, et al., Teotônio, et al., compared the diagnostic 
parameters of the DENV-COVID-19 co-infected cases and only 
COVID-19 infected cases, which also revealed, co-infection 
might be significantly affecting haemoglobin, neutrophils, and 
monocytes levels but no significant changes were observed 
in liver enzymes [9,34]. These results in agreement with the 
previous meta-analysis concluded that there is no difference in 
clinical disease severity between viral co-infections and single 
infection [35]. To understand this complexity, one phenomenon 
is of viral interference, i.e. one virus competitively blocking the 
entry and replication of another virus via ACE2 receptors in a 
single individual, SARS-CoV-2 over DENV, as SARS-CoV-2 have 
additional proteins [36] and causing competitive inhibition 
because both viruses ultimately are targeting endothelial cells 
[37]. Contrarily, these results (Age group, Gender, LFTs) are also 
highlighting alternative postulation, chances of false-positive 
results of dengue serology. The confirmed co-infected RT-PCR 
positive cases might have false-positive dengue serology due to 
cross-reactivity, as in these cases dengue infection was confirmed 
based on dengue serology results.
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For further understanding the cross-reactivity of antigen or 
antibodies, we explored the serology of co-infected cases, which 
indicated that mainly the secondary dengue infection having Anti-
DENV-IgG may be associated with cross-reactivity. As only five 
cases report Anti-DENV-IgG and IgM positivity, one was only IgM 
positive, and one was NS1-Ag positive, whereas thirty-one cases 
were showed the positive serology of IgG only. Results of this study, 
supposed to be in concurrence with former investigations, where 
the cross-reaction of IgM and IgG was found more as compared 
to NS-1 Ag. For instance, Yan et al. report two cases of false-
positive dengue serology (IgG, IgM) [13], Likewise Nasomsong, 
et al., Ratnarathon, et al., positive dengue serology (IgM and IgG) 
and negative NS1-Ag in the SARS-CoV-2 infected cases. Cross-
reactivity was confirmed by negative results of RT-PCR of dengue 
[14,15]. Conversely, Kembuan, G.J stated that co-infection and 
cross-reactivity both persist in the population as five cases were 
reported to have a mixed infection. But after repeat lab testing, 
four cases showed negative results of dengue serology, whereas 
one case was again positive for dengue serology and SARS-CoV2 
(RT-PCR) [16]. Similarly, Masyeni, et al., reported co-infection 
of DENV-COVID-19 in one patient having positive NS1-Ag and 
SARS−COV-2 positive by RT-PCR. Although, repeat testing showed 
two cases had false-positive results [17]. Additionally, the false-
positive dengue serology was also reported in a European study 
when only one serum sample was used multiple times by enzyme-
linked immunosorbent assay (ELISA; PanBio) [38]. Furthermore, 
comparison studies between rapid diagnostic test (RDT) kits 
of dengue and COVID-19 also revealed the possibility of cross-
reactivity of antibodies [39,40]. The above-mentioned studies 
suggested that SARS-CoV-2 and DENV might have antigenic 
structural similarities as all the antibody kits are manufactured to 
detect antibodies against the specific protein antigen i.e. Abbott 
diagnostic kits of dengue detect antibodies against the envelope 
protein. To further understand this concept, In-silico study was 
performed that also confirmed the similarity of outer proteins 
of DENV and SARS-CoV-2 [41]. Additionally, shreds of evidence 
come from computational docking study that declared DENV 
antibodies that are manufactured based on envelope proteins 
of DENV bind to Receptor-Binding Domain (RBD) of amino acid 
residues of SARS-CoV-2 that are crucial for interaction with ACE2 
receptors in SARS-CoV-2 infection [42]. Overall reports are pieces 
of evidence that there is a possibility of cross-reactivity of IgG 
and IgM in these cases too. On the other hand, the chances of 
false-positive results in molecular testing are rare, these cases 
may only be having SARS-CoV-2 infection, but misdiagnosed as 
co-infection. On the other hand, several studies confirm that 
co-infection and cross-reactivity both events are running in 
the community [16,17,40]. Therefore, this study suggest that 
clinicians should consider both options i.e, cross-reactivity or 
co-infection when diagnosing dengue and SARS-CoV-2 infection 
because misdiagnosis of SARS-CoV-2 may play a significant role in 

the spread of SARS-CoV-2 infection due to delay in case isolation, 
misdiagnosis and contact tracing.

 At last, considering both assumptions this study depicts that 
if it is co-infection then mainly secondary dengue is associated 
with COVID-19 infection and if it is cross-reactivity, the risk of 
cross-reactivity of antibodies IgM and IgG with COVID-19 is 
high as compared to dengue NS-1 Ag. On the contrary, the NS-1 
antigen is a non-structural protein that cannot be expressed in 
SARS-CoV-2 infection as SARS-CoV-2 have structural proteins only 
[36]. Therefore, it can be hypothesized that where NS-1 antigen 
positivity found in SARS-CoV-2 cases, these cases may confirm 
to be real co-infected but no such strong evidences are available 
to prove this hypothesis. Extensive studies are needed to clarify 
this multifarious condition. But according to our understanding 
probability of cross-reactivity may be high as compared to co-
infection as in this study only a single case was NS-1 antigen 
positive.

Conclusion 
This study strongly supports the concurrence of cross-reactivity 
between DENV and SARS-CoV-2 antibodies which may be found 
in these co-infected cases. If it is co-infection, secondary dengue 
infection is more involved in co-infection with COVID-19 as 
compared to primary dengue infection and may not be causing 
severe variations in the liver function tests. Furthermore, 
antigen/antibody kit-based tests are not a reliable method for the 
diagnosis of dengue infection; it must be confirmed by the RT-
PCR especially in secondary dengue infection. Co-infection and 
cross-reactivity both are serious health issues that need in-depth 
attention from the researchers to introduce a new standard 
method or technique for differentiation of dengue and SARS-
CoV-2 infections in the future. 

Limitation 
The limitations of this retrospective study are the inability to 
confirm the diagnosis of dengue infection by RT-PCR or virus 
isolation method. Secondly, due to the large size of dengue cases, 
comparison of LFTs of co-infected cases with the dengue cases 
was not possible.
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