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Abstract 

The commercial pathozyme dengue IgM and IgG (CPD IgM-IgG) tests of the Omega Diagnostics 
Company were used to detect specific IgM and IgG antibodies produced during dengue infection. The 
dengue haemorrhagic fever patient sera were collected at the Paediatric Hospital No. 1, Ho Chi Minh 
City, and tested parallel with in-house Mac-ELISA and HAI. The CPD IgM-IgG showed excellent 
sensitivity: for IgM the sensitivity was 98.11% (n=53) and for IgG the sensitivity was 94.34% (n=53). The 
CPD IgM-IgG also showed high specificity: 90.48% (n=42) with IgM and 94.59% (n=37) with IgG, by 
using single sera collected from patients without dengue infection. The CPD IgM-IgG test kits should 
prove useful in the clinical diagnosis of dengue infections as these are a very good tool for carrying out 
laboratory-based active surveillance. 
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Introduction 
Dengue is recognized as the most important 
mosquito-borne disease of humans in the 
world in terms of morbidity, mortality and 
economic costs. This flavivirus, which is 
found in most tropical and subtropical areas, 
has four serotypes (DEN 1-4) that are closely 
related but antigenically distinct. The virus is 
mainly transmitted by the Aedes aegypti 
mosquito. Since 1963, there has been a 
steady increase in the incidence of dengue 

haemorrhagic fever (DHF) in Viet Nam, 
which is a leading cause of hospitalization 
and death in children(1,2). In 1998, southern 
Viet Nam experienced serious DHF 
epidemics recording 123,997 cases 
(455.7/105 population) and 347 deaths 
(1.3/105 population), with case fatality of 
0.28%. As in other developing countries, 
uncontrolled urbanization, poor 
environmental conditions and poor 
mosquito control in the country contributed 
to the rising incidence of dengue. Detection 
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of specific antibodies is a valuable procedure 
for diagnosing dengue, particularly for active 
surveillance and disease control. 

Typical dengue serology specifies an 
incubation period ranging from 3-10 days 
(mean 4-5 days). In a primary infection, IgM 
antibodies are produced by the fifth day 
after onset, rise for 1-3 weeks and generally 
persist for 30-60 days, while IgG appears by 
14 days after the onset of symtoms. The 
speed at which the IgM develops and the 
amount of IgM antibody produced can vary 
between patients. In a secondary infection, 
some patients may not produce detectable 
levels of dengue IgM antibodies until 20 
days after the onset of infection or produce 
IgM at lower levels or for shorter periods. 
However, IgG antibodies rise rapidly 1-2 
days after the onset to reach levels above 
those found in primary or past dengue 
infection. These high levels of IgG persist for 
30-40 days before declining to levels found 
in primary or past infection and persist for 
life(3,4). 

In this study, the commercial 
pathozyme dengue IgM and IgG were 
assayed with DHF paired sera and single 
negative sera. They were then compared 
with the results of virus isolation, in-house 
dengue IgM capture ELISA and 
haemagglutination-inhibition tests. The 
results of this evaluation are presented 
below. 

Materials and methods  
Serum specimens 
Serum specimens from DHF patients were 
collected in the Paediatric Hospital No.1, Ho 
Chi Minh City, or retrospectively from a bank 
of frozen sera of our laboratory. The first 

serum (S1) was collected during hospital 
admission of the patient, while the second 
serum (S2) was collected 3-5 days after S1 or 
later. Single-patient sera, with clinical 
diagnosis as measles, were also collected and 
used as negative control sera. During the 
DHF epidemic, almost all hospitals in 
southern Viet Nam were overloaded by DHF 
patients; therefore, paediatricians could not 
keep these patients in hospitals more longer 
and S2 must be obtained before their 
discharge. For this reason, the interval 
between the collection of S1 and S2 differed 
due to circumstances, and these were as 
follows: 3-5 days: 51.8%; 6-7 days: 3.6%; 8-
11 days: 16.1%, not mentioned: 28.6%. This 
variation prevented the build-up of high titre 
of antibodies in HAI assays. 

Haemagglutination-inhibition  
assay (HAI)  

HAI antibodies against DEN-1, DEN-2, 
DEN -3 and DEN-4 were determined as 
described by Clarke and Casals(5), but the 
assay was modified to a micromethod. 

In-house dengue IgM capture ELISA 
(Mac-ELISA) 

The Mac-ELISA assay was performed 
following the actual technique used at the 
Centers for Disease Control, Colorado, USA, 
by using the monoclonal antibody SLE 
6B6C-1/HRP conjugate(6).   

The Commercial Pathozyme 
Dengue IgM and IgG kits (CPD 
IgM-IgG)  
The CPD IgM-IgG were supplied by Omega 
Diagnostics Limited, Omega House, 
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Carsebridge Court, Whins Road, Alloa FK10 
3LQ, Scotland, UK. For reading, calculation 
and interpretation of the results, the 
manufacturer’s instructions described in the 
test procedures were followed.  

Data analysis  
Confirmed dengue diagnosis was based on 
virus isolation and the Mac-ELISA and HAI 
test, using WHO criteria(7). For the 
evaluation of the sensitivity and specificity of 
the CPD IgM-IgG, paired sera from DHF 
patients and negative control sera were 
tested parallel with the CPD IgM-IgG and 
our known virus isolation, Mac-ELISA and 
HAI. The first step of this comparison was 
based on our primary and secondary 
infections. In the second step, the CPD IgM-
IgG and our assays were tested parallel 
versus all paired and single sera, then their 
results were compared step by step with 
each other.  

Results and discussion  
Number of sera collected, patient 
severity grades and intervals 
between S1 and S2 

• Fifty-six paired sera were collected 
from DHF patients with clinical 
diagnosis as Grade 2: 38 cases, 
Grade 3: 12 cases, and Non-
classified: 6 cases. 

• From paired sera, we isolated four 
DEN-3 viruses from 23 patients. By 
combining results of Mac-ELISA and 
HAI, we could differentiate primary 
dengue (n=14), secondary dengue 
(n=39), and no flavivirus infection 
(n=3).  

• Forty-two single sera of measles 
patients were collected and tested 
with the CPD IgM-IgG and Mac-
ELISA, HAI as negative control sera. 

Evaluation of the sensitivity of  
the CPD IgM-IgG by comparison 
with the virus isolation,  
Mac-ELISA and HAI 
In this comparative study, we divided the sera 
into three groups and compared S1 and S2 
separately and paired sera by IgM and IgG.   

Comparison of the CPD IgM-IgG 
with the positive virus isolation  

Among the 23 DHF patient sera, we isolated 
DEN-3 virus from four patients, in whom 
there were two primary and two secondary 
infections (Table 1). 

Table 1. Comparison of the CPD IgM-IgG with 
four positive virus isolations 

CPD IgM-IgG Mac-ELISA Serol-
ogical 
Tests 

Sera Posi- 
tive 

Sensi-
tivity 

Posi- 
tive 

Sensi-
tivity 

S1 2/4 50% 0/4 0% 
S2 4/4 100% 4/4 100% IgM 

Paired 
sera 

4/4 100% 4/4 100% 

S1 2/4 50%   
S2 3/4 75%   IgG 

Paired 
sera 

3/4 75% 4*/4 100% 

* tested by HAI 

One negative CPD IgG paired sera (No. 
15-16) had index value close to its cut-off; 
the reason probably was a particular case of 
primary infection, because even in HAI, the 
increase of anti-dengue antibodies is too 
slow.  
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Comparison of CPD IgM-IgG with 
Mac-ELISA and HAI in primary and 
secondary infections (3 negative 
cases were excluded)  

The sensitivity of CPD IgM and of CPD IgG 
with sera of confirmed DHF cases is given in 
Tables 2 and 3 respectively.  

Table 2. Sensitivity of CPD IgM performed with 
sera of confirmed DHF cases 

Primary inf. Secondary inf. Total 
CPD 
IgM Posi-

tive 
Sensi-
tivity 

Posi-
tive 

Sensi-
tivity 

Posi-
tive 

Sensi-
tivity 

S1 11/14 78.57% 34/39 87.18% 45/53 84.91% 

S2 14/14 100% 34/39 87.18% 48/53 90.57% 

Paired 
sera 

14/14 100% 38/39 97.44% 52/53 98.11% 

Table 3. Sensitivity of the CPD IgG performed 
with sera of confirmed DHF cases 

Primary inf. Secondary inf. Total 
CPD 
IgG Posi-

tive 
Sensi-
tivity 

Posi-
tive 

Sensi-
tivity 

Posi-
tive 

Sensi-
tivity 

S1 3/14 21.43% 38/39 97.44% 41/53 77.36% 

S2 11/14 78.57% 39/39 100% 50/53 94.34% 

Paired 
sera 

11/14 78.57% 39/39 100% 50/53 94.34% 

The sensitivity of CPD IgM-IgG 
assays and of Mac-ELISA, HAI 
versus 53 paired sera of  
confirmed DHF patients 

The CPD IgM assays agreed with the Mac-
ELISA results in 52/52 (100%) of cases (Table 
4). Both of these tests detected 52 positive of 
the 53 paired sera, giving an equal sensitivity 
of 98.11%. 

Table 4. Comparison of CPD IgM assays and  
Mac-ELISA* 

CPD IgM Mac-ELISA Sera 

Posi- 
tive 

Sensiti-
vity 

Posi- 
tive 

Sensiti-
vity 

S1 45/53 84.91% 40/53 75.47% 

S2 48/53 90.57% 51/53 96.23% 

Paired 
sera 

52/53 98.11% 52/53 98.11% 

*By the Chi-Squares Mantel-Haenszel, χ2 was 0.00,  
P =0.752. 

The CPD IgG positive rate of S1 and S2 
was 77.36% and 94.34% respectively, and 
with paired sera its sensitivity was 94.34%; 
meanwhile, the HAI and virus isolation gave 
the same rate 94.34% (Table 5). The CPD 
IgG results agreed with the HAI and virus 
isolation results in 50/50 (100%) of cases.  

Table 5. Comparison of the CPD IgG assays with 
the HAI and virus isolations* 

CPD IgG HAI and Virus 
isolation 

Sera 
Posi- 
tive 

Sensiti-
vity 

Posi- 
tive 

Sensiti-
vity 

S1 41/53 77.36% Incon-
clusive 

 

S2 50/53 94.34%   

Paired 
sera 

50/53 94.34% 50/53 94.34% 

*By the Chi-Squares Mantel-Haenszel, χ2 was 0.00,  
P =0.660.   

The specificity of the CPD IgM-IgG 

Forty-two single sera were taken on the day 
of admission from children with clinical 
diagnosis as measles, out of which there 
were 25 positives and 17 negatives by 
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measles IgM capture-ELISA. These sera were 
retested with CPD IgM-IgG and the Mac-
ELISA, HAI for dengue. The results are given 
in Table 6. 

Table 6. Performance of CPD IgM and 
 Mac-ELISA with measles sera* 

Measles  CPD IgM Mac-ELISA 

Mac- 
ELISA  

Nega-
tive 

Speci-
ficity 

Nega-
tive 

Speci-
ficity 

25 (+) 21/25 84% 25/25 100% 

17 (-) 17/17 100% 17/17 100% 

Total: 42 
single sera 

38/42 90.48% 42/42 100% 

*By the Chi-Squares Mantel-Haenszel, χ2 was 4.15,  
P =0.058 

Among the 42 single sera, there were 
five sera having dengue antibody (≥ 40 HAI 
units), so we discarded them and only 37 
measles sera without dengue antibody were 
used for the specificity study of the CPD IgG.  

Thirty-seven measles sera without 
dengue antibody were tested with CPD IgG, 
from which there were two false positive 
results and 35 negative. So, the CPD IgG is 
specific to dengue IgG with the rate of 
94.59% (Table 7). 

Table 7. Performance of the CPD IgG and the HAI 
with measles sera without dengue antibody 

Measles  CPD IgG HAI 

Mac-ELISA  Nega-
tive 

Speci-
ficity 

Nega-
tive 

Speci-
ficity 

21 (+) 21/21 100% 21/21  

16 (-) 14/16 87.5% 16/16  

Total: 37 
single sera 

35/37 94.59% 37/37 Incon-
clusive 

Summation  
The total number of samples tested for CPD 
IgM and CPD IgG and their sensitivity and 
specificity are given below:  

Assay evaluated Sensitivity Specificity 

CPD IgM 98.11% (52 
of 53) 

90.48% (38 
of 42) 

CPD IgG 94.34% (50 
of 53) 

94.59% (35 
of 37) 

Mac-ELISA 98.11% (52 
of 53) 

100% (42 of 
42) 

HAI  
(paired sera) 

94.34% (50 
of 53) 

Inconclusive 
with single 
sera 

The CPD IgM-IgG evaluated in this 
report are suitable for the detection of anti-
dengue IgM and IgG antibodies. They should 
be useful for routine dengue diagnosis, 
particularly in developing countries as in 
south-east Asia where dengue infections are 
prevalent. For the prevention and control of 
dengue, the CPD IgM and the Mac-ELISA 
are good tools for the early detection of 
dengue cases during the inter-epidemic 
period, or during the pre-epidemic stage, for 
carrying out laboratory-based active 
surveillance.  

Conclusion 
The Commercial Pathozyme Dengue IgM 
and IgG are reliable, sensitive and specific 
diagnostic tests for diagnosing primary and 
secondary dengue infections based on 
antibody responses. It should be used in 
laboratories to support the clinical diagnosis 
of dengue. The Commercial Pathozyme 
Dengue IgM is also a very good tool for 
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active laboratory-based dengue surveillance 
with the aim of controlling dengue 
epidemics in the tropical and sub-tropical 
regions.  
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