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samples from early days of symptoms onset
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Abstract

Background: Dengue virus (DENV) infection is an emerging arboviral infection in tropical and sub-tropical countries
in South-East Asia, the Western Pacific and South and Central America. Secondary DENV infection is the most
widely accepted risk factor for the development of severe forms. Methods to discriminate primary and secondary
DENV infection may be of great prognostic value. ELISA based detection of specific antibodies (IgG and IgM) to the
four DENV serotypes is valuable for detemination of primary or secondary infection. Several studies had been
performed to discriminate primary and secondary DENV infection using the ratio of IgG and IgM at the various days
of symptoms onset. The aim of this study is to determine the best cut-off point of IgG to IgM ratio is able to
discriminating secondary from primary DENV infection in adult using samples from early days of symptoms onset.

Methods: This prospective cohort study on 48 adult patients with DENV infected patients on the period of August
2011–January 2012 in 5 out-patient settings health facilities in Tangerang district, Banten province, Indonesia with
chief complaint of fever less than 3 days. Datas were collected on the day the patients attended health facilities,
consisted of demographic, clinical, laboratory, and serological data. Serological data from 48 serum sample from
adult patients were evaluated using Focus Diagnostics Dengue Virus IgM and IgG Capture DxSelect™ ELISA Kits to
determine IgG, IgM index values and SD Bioline Dengue Duo™ Rapid Tests to determine NS1, IgG, and IgM result.

Results: According to NS1, IgG and IgM results, 36 patients were classified as secondary infection, 12 were primary
Infection. The mean (SD) of IgG/IgM ratios for secondary and primary infection were 3.28 (0.54) and 0.18 (0.11)
consecutively. The IgG/IgM ratio of ≥ 1.14 confirmed secondary infection with sensitivity of 80.56 %, specificity
91.67 %, accuracy level 83.33 %, and likely hood ratio of (LR) 9.67.

Conclusion: The IgG/IgM ratio of ≥ 1.14 as the best cut off point to determine secondary DENV infection in early
days of symptoms onset.
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Background
Dengue virus (DENV) infection is an emerging arboviral
infection in tropical and sub-tropical countries in South-
East Asia, the Western Pacific and South and Central
America [1]. Up to 2.5 billion people globally live under
the threat of DENV infection and its severe forms. Severe
forms of DENV infection such as dengue hemorrhagic

fever (DHF) and dengue shock syndrome(DSS) are
mainly associated with secondary infection [2, 3]. Epi-
demiological studies found an association between
more severe forms and secondary heterotypic infec-
tion with a distinct serotype from the primary infec-
tion [4, 5]. The lack of methods to predict which
DENV infected patient will progress to its severe
forms resulted in over-admission and over-treatment
in hyperendemic area. Methods to discriminate pri-
mary and secondary DENV infection may be of great
prognostic value in these area [6].
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Although clinical evaluation is important for DENV
infection diagnosis and treatment, enzyme-linked im-
munosorbent assays (ELISA) based detection of spe-
cific antibodies (immunoglobulin G (IgG) and IgM) to
the four DENV serotypes is valuable for the diagnosis
of acute infection and for detemination of primary or
secondary infection [7, 8]. The IgG and IgM ELISA
has the advantage of being easier to perform, as well
as being suitable for surveillance and large-scale stud-
ies. Many commercial and standardized ELISA tests
for both IgM and IgG antibody detection have also
become available. Several studies had been performed
to discriminate primary and secondary DENV infec-
tion using the ratio of IgG and IgM at the various
days of symptoms onset [9–13]. Different ratios
found in these studies might be due to different set-
tings and seroepidemiologics [9, 10]. The aim of this
study was to determine the best cut off point of IgG
to IgM ratio for differentiating secondary from pri-
mary DENV infection in adult using samples from
early days of symptoms onset.

Methods
Ethics statement
The Research and Research Ethical Expert Committee
Faculty of Community Health, Universityof Indonesia
granted ethics approval of the study (032/H2.F10/
PPM.00/2011).

Study population and sample
This prospective cohort study on 84 adult patients
with DENV infected patients on the period of August
2011–January 2012 in five out-patient settings health
facilities (two primary health care, two out-patient
clinics and one hospital) in Tangerang district, Banten
province, Indonesia with chief complaint of fever less
than 3 days. All study participants were written in-
formed consent and enrolled in the study. Datas were
collected on the day the patients attended health fa-
cilities, consisted of demographic, clinical, laboratory,
and serological data. Serological data from serum
sample were evaluated using Focus Diagnostics Den-
gue Virus IgM and IgG Capture DxSelect™ ELISA Kits
to determine IgG, IgM index values and SD Bioline
Dengue Duo™ Rapid Tests to determine NS1, IgG,
and IgM result.

DENV IgG measurement
In the IgG ELISA assay, the polystyrene microwells are
coated with equal proportions of inactivated and purified
DENV types 1–4. Diluted serum samples and controls
are incubated in the wells to allow specific antibody
present in the samples to react with the antigen. Con-
trol, calibrator, and patient sera were diluted 1:101 in

sample buffer, and 0.1 ml of diluted specimen was
added to assigned microtiter wells. Nonspecificreac-
tants are removed by washing and peroxidase-
conjugated anti-human IgG isadded and reacts with
specific IgG. Excess conjugate is removed by washing.
Enzyme substrate and chromogen are added, and the
color is allowed to develop. After adding the Stop Re-
agent, the resultant color change is quantified by a
spectrophotometric reading of optical density (OD)
which is directly proportional to the amount of
antigen-specific IgG present in the sample. Absorb-
ance was measured at 450 nm using an ELISA reader.
Sample opticaldensity readings are compared with ref-
erence cut-off OD readings to determine results. An
index value of > 1.00 is presumptive for the presence
of IgG antibodies to DENV [14].

DENV IgM measurement
In the IgM ELISA assay, the polystyrene microwells
are coated with anti-human antibody specific for IgM
(μ-chain). Diluted serum samples and controls are in-
cubated in the wells, and IgM present in the sample
binds to the anti-human antibody (IgM specific) in
the wells. Control, calibrator, and patient sera were
diluted 1:101 in sample buffer, and 0.1 ml of diluted
specimen was added to assigned microtiter wells.
Nonspecific reactants are removed by washing. DENV
antigen is then added to the wells and incubated;
and, if anti-DENV IgM is present in the sample, the
antigen binds to the anti-DENV in the well. Un-
bound DENV antigen is then removed by washing
the well. Mouse anti-DENV conjugated with horse-
radish peroxidase (HRPO) is then added to the wells
and incubated; and, if DENV antigen has been
retained in the well by the anti-DENV in the sample,
the mouse anti-DENV: HRPO binds to the DENV
antigen in the wells. Excess conjugate is removed by
washing. Enzyme substrate and chromogen are
added, and the color is allowed to develop. After
adding the Stop Reagent, the resultant color change
is quantified by a spectrophotometric reading of OD
which is directly proportional to the amount of
antigen-specific IgM present in the sample. Absorb-
ance was measured at 450 nm using an ELISA reader.
Sample optical density readings are compared with
reference cut-off OD readings to determine results.
An index value of > 1.00 is presumptive for the pres-
ence of IgM antibodies to DENV [15].

DENV IgM/IgG ratio
The DV IgG/IgM ratio was calculated for sera positive for
DV IgG and IgM by dividing the IgG index value with the
IgM index value.
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Table 1 Data of patients with DENV infection (N = 48)

No. Age Sex BMI Platelet NS1 IgM1
Index

IgM1 IgM2
Index

IgM2 IgG
Index

IgG Dengue
Infection

IgG / IgM
ratio

DEN1 DEN2 DEN3 DEN4

1. 34 M 33.05 85,000 P 0.553 N 2.647 P 2.675 P 2nd 4.84 N N N N

2. 27 F 20.20 125,000 P 0.674 N 0.805 N 4.344 P 2nd 6.45 N N N N

3. 41 M 17.30 118,000 P 0.208 N 0.038 N 3.999 P 2nd 19.23 N P N N

4. 43 M 24.91 30,000 P 2.659 P NA 4.886 P 2nd 1.84 N P P N

5. 37 F 19.65 81,000 P 2.4 P 4.159 P 4.715 P 2nd 1.96 N N N N

6. 19 F 17.31 127,000 P 0.724 N NA 3.036 P 2nd 4.19 N N N N

7. 24 M 20.43 129,000 P 0.499 N 1.359 P 0.1 N 1st 0.20 P N N N

8. 45 F 21.21 130,000 P 7.52 P NA 0.812 N 1st 0.11 P P N N

9. 40 F 27.47 42,000 P 0.773 N 0.86 N 2.055 P 2nd 2.66 NA

10. 20 M 22.22 37,000 P 4.702 P NA 5.338 P 2nd 1.14 N N N N

11. 24 M 21.09 254,000 N 1.08 P NA 0.024 N 1st 0.02 N N N P

12. 30 M 22.75 167,000 P 0.559 N 3.068 P 0.09 N 1st 0.16 P P N N

13. 21 F 30.04 71,000 P 1.036 P 5.507 P 0.144 N 1st 0.14 N N N N

14. 43 M 27.21 140,600 N 1.728 P NA 4.321 P 2nd 2.50 N P N N

15. 25 F 20.07 78,000 N 1.193 P NA 4.072 P 2nd 3.41 P N N N

16. 24 M 21.51 137,000 P 1.425 P 7.748 P 3.79 P 2nd 2.66 P N N N

17. 33 F 23.00 128,200 P 1.167 P NA 4.787 P 2nd 4.10 N N N N

18. 32 F 21.30 97,000 P 4.981 P 6.329 P 4.586 P 2nd 0.92 N N N N

19. 18 F 20.28 83,000 N 1.989 P 2.132 P 1.28 P 2nd 0.64 P N N N

20. 43 M 23.87 112,000 P 1.742 P 9.167 P 3.018 P 2nd 1.73 NA

21. 21 F 19.37 95,000 P 1.554 P NA 5.119 P 2nd 3.29 N N N N

22. 54 M 32.71 79,000 N 9.447 P 10.16 P 5.28 P 2nd 0.56 N N N N

23. 17 F 16.65 148,000 P 0.507 N NA 0.032 N 1st 0.06 P N N N

24. 45 M 27.35 131,000 N 1.62 P NA 3.602 P 2nd 2.22 N N P N

25. 49 M 24.97 61,000 P 9.063 P 10.61 P 4.86 P 2nd 0.54 NA

26. 20 F 29.70 215,100 P 2.762 P 5.321 P 4.789 P 2nd 1.73 P N N N

27. 29 M 24.22 37,000 P 0.993 N NA 4.372 P 2nd 4.40 N P N N

28. 23 M 18.61 80,000 P 1.989 P 7.984 P 0.022 N 1st 0.01 N N N N

29. 53 F 20.88 139,000 N 1.093 P NA 2.792 P 2nd 2.55 N P N N

30. 23 M 21.62 191,000 N 1.025 P 0.937 N 3.463 P 2nd 3.38 N N P N

31. 25 F 22.63 108,000 P 1.304 P 3.238 P 0.06 N 1st 0.05 N N N N

32. 40 M 26.98 224,400 P 1.189 P 5.967 P 3.534 P 2nd 2.97 P N P N

33. 40 F 19.53 118,000 P 6.247 P 8.427 P 5.008 P 2nd 0.80 N N N N

34. 30 M 20.90 114,000 P 0.663 N 1.37 P 1.724 P 2nd 2.60 P N N N

35. 30 M 23.03 110,000 P 2.438 P 3.901 P 4.893 P 2nd 2.01 N N N N

36. 16 F 21.45 87,000 P 3.222 P 6.033 P 3.689 P 2nd 1.14 N P P N

37. 29 M 25.56 185,000 P 8.986 P 11.95 P 0.042 N 1st 0.00 N N N N

38. 49 F 24.00 32,300 N 1.763 P NA 4.634 P 2nd 2.63 N P P N

39. 30 M 27.54 147,000 N 1.654 P 1.602 P 4.418 P 2nd 2.67 P N N N

40. 18 M 20.76 63,000 N 5.95 P NA 5.125 P 2nd 0.86 N N P N

41. 31 F 19.97 38,000 N 1.615 P 1.833 P 4.863 P 2nd 3.01 N N N N

42. 23 F 23.24 232,900 P 0.367 N 1.098 P 0.499 N 1st 1.36 P N N N

43. 32 F 18.81 158,000 P 0.633 N 2.054 P 3.221 P 2nd 5.09 N N N N
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Definition of acute primary and secondary DENV
infections
Definition of primary and secondary DENV infection
was based on serological patterns of a given patient. Pri-
mary infection was defined as a negative IgM and nega-
tive IgG or positive IgM and negative IgG. Secondary
infection was defined as a negative IgM and positive
IgG. Focus Diagnostics Dengue Virus IgM and IgG Cap-
ture DxSelect™ ELISA Kits were used to determine IgG
and IgM results.

Statistical analysis
Chi-square tests were used for categorical variables; in-
dependent t-test and Mann–Whitney U tests for con-
tinuous variables. Sensitivity, specificity, accuracy, and
cut-off point for IgG/IgM ratio were determined using
Receiver Operator Characteristic (ROC) curve. Statistical
analyses were performed using SPSS Statistics 19th ver-
sion (SPSS Inc, 2010).

Results
A total of 84 adult patients with clinically sign of dengue
illness were initially enrolled in the study. DENV in-
fected patients were patients with positive results for
NS1, IgG, or IgM; therefore only 48 serum samples were
eligible for serological testing (Table 1). There are 36 pa-
tients were classified into secondary infection and 12

were primary infections by NS1 rapid test, IgG and IgM.
According to NS1, IgG and IgM results, 36 patients were
classified as secondary infection, 12 were primary Infec-
tion. Demographic, clinical, laboratory and serological
data of patients with secondary and primary DENV in-
fection are shown in Table 2.
The study found that IgG/IgM ratio of ≥1.14 con-

firmed secondary infection with sensitivity of 80.56 %,
specificity 91.67 %, accuracy level 83.33 %, and likeli-
hood ratio of (LR) 9.67 as shown in Table 3. The cut-off
point had good performance because area under ROC
curve was 0.98 (Fig. 1).

Discussion
A primary DENV infection is defined as the absence of
specific anti-dengue IgG antibodies in the first serum
samples during the acute phase, with anti-dengue IgM,
virus isolation and/or virus RNA being present, and den-
gue virus IgG being detected in a later sample. A sec-
ondary DENV infection is defined by the presence of
specific anti-dengue IgG and the absence of anti-dengue
IgM in the first sample, together with a positive RT-PCR
and/or virus isolation, followed by the presence of anti-
dengue IgM in a later sample [7].
Secondary DENV infection is the most widely ac-

cepted risk factor for the development of severe forms.
But, there is still no reliable test to discriminate primary
and secondary infections in the early days of disease.
Differentiation of primary and secondary infections is es-
sential, particularly in low resources endemic areas
where re-infections with different serotypes are frequent.
Immunoglobulin M and IgG dengue ELISA kits are
commercially available at relatively low cost, so DENV

Table 2 Characteristics of patients with secondary (N = 36) and
primary DENV infection (N = 12)

Demographic, clinical,
and laboratory datas

Secondary
infection

Primary infection

Sex, n(%)a

Male 19 (52.8 %) 6 (50.0 %)

Female 17 (47.2 %) 6 (50.0 %)

Age (year), median (range)b 31.5 (16–54) 23.5 (17–45)

Body mass index (kg/m2), mean
(SD)c

21.62 (15.40-
33.06)

21.93 (16.65-
30.04)

IgM index value, mean (SD)c 2.28 (0.37) 2.82 (0.93)

IgG index value, mean (SD)c 4.05 (0.17) 0.17 (0.07)

IgG/ IgM ratio, median (range)c 3.28 (0.54) 0.18 (0.11)

Platelet (/μl),mean (SD)c 109,938.9
(51,073.61)

149,691.7
(55,029.6)

aChi-square test, bMann–Whitney U test, cIndependent t-test

Table 3 Diagnostic value of various cut-off point of the IgG/IgM
ratio in determining secondary DENV infection

IgG / IgM ratio Sensitivity Specificity Accuracy LR+

≥0.92 86.11 91.67 87.50 10.33

≥1.13 83.33 91.67 85.42 10.00

≥1.14a 80.56 91.67 83.33 9.67

≥1.36 77.78 91.67 81.25 9.33

≥1.73 77.78 100.00 83.33
aBest cut-off point

Table 1 Data of patients with DENV infection (N = 48) (Continued)

44. 22 M 24.56 158,400 P 2.498 P 7.228 P 0.027 N 1st 0.01 N N N N

45. 20 F 18.35 133,000 P 7.528 P NA 0.146 N 1st 0.02 N P N N

46. 26 F 21.61 192,200 P 0.58 N 1.985 P 4.499 P 2nd 7.76 P N N N

47. 18 M 15.40 151,000 P 0.793 N 2.615 P 4.52 P 2nd 5.70 N N N N

48. 32 M 27.91 154,000 N 1.159 P 1.35 P 4.619 P 2nd 3.99 N N N N

N-negative, P-positive, 1st-primary, 2nd-secondary
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infection diagnosis is now being done in many laborator-
ies worldwide [16].
In primary infection both IgM and IgG test often

give negative results in the first 5 days of symptoms
onset [17]. In secondary infection, IgM was first de-
tected on day 4, while IgG was detected in most of
the samples on day seven or later, and in some sec-
ondary DENV infections, IgM is often not detected
at all [18–21]. After day five in primary infection
and day 6 in secondary infection, IgM and IgG were
positive in most of the samples [20]. IgM-positive
rate in secondary infection are not as high as in pri-
mary infection, whereas the IgG-positive rate is
higher in secondary than in primary infection espe-
cially in early days of symptoms onset [18–21].
Thus, the ideal combination of tests to detect an
acute DENV infection are the reverse transcriptase
polymerase chain reaction (RT-PCR) and IgG test for
the first 5 days after symptoms onset, and the IgM
and IgG tests from the day 6 of symptoms and after.
Defining primary and secondary infections according
to these criteria is very expensive, and most clinical
laboratories in dengue endemic area cannot perform
all these tests [16].
A study using the PanBio kit found an IgG result of 40

PanBio units as the cut-off used to discriminate primary
and secondary DENV infection [20]. Other study found
an avidity IgG to discriminate primary and secondary
DENV infection using a single acute-phase serum sample
[22]. Other study used classification method to discrimin-
ate between primary and secondary dengue infections
based on IgG antibody levels and the number of days of
symptoms [18]. But results from that study stated that to
correctly dis1criminate primary and secondary infection,

combination of several tests, such as IgM and IgG levels,
virus isolation and/or viral RNA detection is a necessity.
Several studies were done to discriminate primary

and secondary DENV infection using the ratio of IgG
and IgM at the various days of disease [9–13]. A
study in Bali, Indonesia found IgG/IgM ratio of ≥ 1.1
on the day 5–7 of disease is a good predictor of sec-
ondary dengue infection. This study was done on
children hospitalized for suspected DENV infection,
with mean age of 6 year-old [23]. Study in Thailand
using HI test as the gold standard found that the best
cut off point of IgG/IgM ratio for secondary infection
was ≥ 1.78 [9]. Study in Malaysia found that the best
cut off point for secondary infection was ≥ 2.0[16].
This study found that IgG/IgM ratio of ≥1.14 as the
best cut off point to determine secondary DENV in-
fection, with sensitivity of 80.56 % and spesificity of
91.67 %. Different ratios found in these studies might
be due to different settings and seroepidemiologics [9,
10, 20, 23].
Studies using samples from DENV infection patients

in the Americas to identify acute primary and second-
ary infections did not use IgM and IgG titer-negative
sera to determine the IgM/IgG OD ratio. A study
using samples from IgM and IgG titer-negative sera
found a cut off IgM/IgG OD ratio that was compar-
able with studies previously [9, 24]. This study also
used samples from IgM and IgG titer-negative sera
and also found a cut off IgG/IgM ratio comparable to
a study previously [23].

Conclusions
To discriminate primary and secondary DENV infection,
combination of several tests such as IgM and IgG levels

Fig. 1 Receiver operator curve for IgG/IgM ratio
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is a necessity. Immunoglobulin M and IgG dengue
ELISA kits are commercially available at relatively low
cost, so DENV infection diagnosis can be done readily
particularly in low resources endemic areas where re-
infections with different serotypes are frequent. This
study found that IgG/IgM ratio of ≥1.14 as the best cut
off point to determine secondary DENV infection in
early days of symptoms onset.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
C participated in study design, the experimental work, provided raw data,
interpreted data analysis, and drafted the manuscript. NPHL participated in
analyzed majority of data and interpretation of analysis result, writing of the
manuscript. AK participated in the coordination of study, helped draft and
revised the manuscript. All authors have read and approved the final
manuscript.

Acknowledgements
We would like to thank Muliyanah Daya for collecting and compiling data
over the study period. We thank to Prodia Laboratory and Microbiology
Department of Faculty of Medicine, Indonesia University for their support in
this study. We also like thank to patients, nurses, doctors, and administrative
staff of the Diana, Insan, Balaraja, and Curug Primary Health Care and Siloam
Hospital Lippo Village in Tangerang who made this work possible. This study
was supported by Pelita Harapan University. The funders had no role in
study design, analysis, and interpretation of data, writing of the manuscript,
and in decision to submit the manuscript for publication.

Author details
1Microbiology Department, Faculty of Medicine, Pelita Harapan University,
Jendral Sudirman Boulevard, Lippo Karawaci, Tangerang, Banten 15811,
Indonesia. 2Internal Medicine Department, Faculty of Medicine, Pelita
Harapan University, Jendral Sudirman Boulevard, Lippo Karawaci, Tangerang,
Banten 15811, Indonesia.

Received: 5 December 2014 Accepted: 13 July 2015

References
1. World Health Organization, Regional Office for South East Asia:

Comprehensive Guidelines for Prevention and Control of Dengue and
Dengue Hemorrhagic Fever: Revised and expanded edition. New Delhi,
India; 2011: 14–16.

2. Burke DS, Nisalak A, Johnson DE, Scott RM. A prospective study of dengue
infections in Bangkok. Am J Trop Med Hyg. 1988;38:172–80.

3. Halstead SB. Pathogenesis of dengue: challenges to molecular biology.
Science. 1988;239:476–81.

4. Rothman AL. Cellular immunology of sequential dengue virus infection
and its role in disease pathogenesis. Curr Top Microbiol Immunol.
2010;338:83–98.

5. Thein S, Aung MM, Shwe TN, Aye M, Zaw A, Aye K, et al. Risk factors in
dengue shock syndrome. Am J Trop Med Hyg. 1997;56:566–72.

6. Halstead SB. Epidemiology of dengue and dengue hemorrhagic fever. In:
Gubler DJ, Kuno G, editors. Dengue and dengue hemorrhagic fever.
NewYork: CAB International; 1997. p. 23–44.

7. World Health Organization. Dengue hemorrhagic fever: diagnosis, treatment
and control. 1997. p. 1–11.

8. Guzman MG, Kouri G. Dengue diagnosis advances and challenges. Int
J Infect Dis. 2004;8:69–80.

9. Innis BL, Nisalak S, Nimmannitya S, Kusalerdchariya S, Chongswasdi
V, Suntayakorn S, et al. An enzyme linked immunosorbent assay to
characterize dengue infections where dengue and Japanese encephalitis co
circulate. Am J Trop Med Hyg. 1989;40:418–27.

10. Martinez E, Guzman MG, Valdes M, Soler M, Kouri G. Dengue and dengue
hemorrhagic fever in infants with a primary infection. Rev Cubana Med
Trop. 1993;45:97–101.

11. Pei YS, Li KC, Shu FC, Yi YY, Ling C, Li JC, et al. Comparison of capture
imunoglobulin M (IgM) and IgG enzym-linked immunoabsorbent assay
(ELISA) and nonstructural protein NS1 serotype-specific IgG ELISA for
differentiation of primary and secondary dengue virus infections. J Clin
Immunol. 2003;10:622–30.

12. Prince HE, Yeh C, Lape-Nixon M. Utility of IgM/IgG ratio and IgG avidity for
distinguishing primary and secondary dengue virus infections using sera
collected more than 30 days after disease onset. Clin Vaccine Immunol.
2011;18:1951–6.

13. Falconar AKI, de Plata E, Romero-Vivas CME. Altered enzyme-linked
immunosorbent assay immunoglobulin M (IgM)/IgG optical density ratios
can correctly classify all primary or secondary dengue virus infections 1 day
after the onset of symptoms, when all of the viruses can be isolated. Clin
Vaccine Immunol. 2006;13:1044–51.

14. Dengue Virus IgG Capture DxSelectTM

15. Dengue Virus IgM Capture DxSelectTM

16. Shu PY, Huang JH. Current advance in dengue diagnosis. Clin Diagn Lab
Immunol. 2004;11(4):642–50.

17. Sa-Ngasang A, Anantapreecha S, A-Nuegoonpipat A, Chanama S,
Wibulwattanakij S, Pattanakul K, et al. Specific IgM and IgG responses in
primary and secondary dengue virus infections determined by enzyme-
linked immunosorbent assay. Epidemiol Infect. 2006;134:820–5.

18. Cordeiro MT, Braga-Neto U, Nogueira RMR, Marques Jr ETA. Reliable
classifier to differentiate primary and secondary acute dengue
infection based on IgG ELISA. PLoS One. 2009;4(4):e4945. doi:10.1371/
journal.pone.0004945.

19. Nawa M, Yamada KI, Takasaki I, Akatsuka T, Kurane I. Serotype-cross-
reactive IgM responses in dengue virus infections determined by
enzyme-linked immunosorbent assays. Clin Diagn Lab Immunol.
2000;7:774–7.

20. Vaughn DW, Nisalak A, Solomon T, Kalayanarooj S, Nguyen MD, Kneen R,
et al. Rapid serologic diagnosis of dengue virus infection using a
commercial capture ELISA that distinguishes primary and secondary
infections. Am J Trop Med Hyg. 1999;60:693–8.

21. Chanama S, Anantapreecha S, A-nuegoonpipat A, Sa-gnasang A, Kurane
I, Sawanpanyalert P. Analysis of specific IgM response in secondary
dengue infection: Level and positive rates in comparison with primary
infection. J Clin Virol. 2004;31:185–9.

22. Matheus S, Deparis X, Labeau B, Lelarge J, Morvan J, Dussart P. Discrimination
between primary and secondary dengue virus infection by an
immunoglobulin G avidity test using a single acute-phase serum sample. J Clin
Microbiol. 2005;43:2793–7.

23. Karyana IPG, Santoso H, Arhana BNP. The value of IgG to IgM ratio in
predicting secondary dengue infection. Paediatrica Indonesiana.
2006;46:113–7.

24. Kuno G, Gomez I, Gubler DJ. An ELISA procedure for the diagnosis of
dengue infections. J Virol Methods. 2001;33:101–13.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Cucunawangsih et al. BMC Infectious Diseases  (2015) 15:276 Page 6 of 6

http://dx.doi.org/10.1371/journal.pone.0004945
http://dx.doi.org/10.1371/journal.pone.0004945

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Ethics statement
	Study population and sample
	DENV IgG measurement
	DENV IgM measurement
	DENV IgM/IgG ratio
	Definition of acute primary and secondary DENV infections
	Statistical analysis

	Results
	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



