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BACKGROUND 

 
The clinical diagnosis of rubella virus (RV) infection 

alone is unreliable as it mimics other diseases like 

measles [1]. Furthermore, 50–75% of rubella cases 

are subclinical and the infected individuals may be 

difficult to be diagnosed clinically[2]. In addition, 

laboratory diagnosis is also mandatory for the confir-

mation of congenital rubella syndrome (CRS) cases

[3].Furthermore, laboratory diagnosis can also play 

an important role for the surveillance of rubella and 

CRS cases [4]. 

 
Like other viral infections, rubella virus infection can 

be diagnosed by using serological testing, culturing 

or molecular analysis [5]. It can be detected by cul-

turing the virus in Vero/SLAM/RK13 cells and incu-

bated at 35°C for 3-5 days [5, 6]. However, this 

method is extremely labor-intensive and time-

consuming [7] and can take 1 to 3 weeks to get a 

positive result [8]. Furthermore, as a rubella virus 
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Conclusion: The SD Bioline might be an alternative approach for the diagnosis of both rubella and CRS cases in the areas 
where ELISA or other advanced laboratory techniques are impractical.  
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 does not cause a cytopathic effect in cell cultures, 

culturing technique is not usually recommended[9]. 

Recently, the diagnosis of rubella and CRS cases is 

mainly using two important techniques [serological 

and molecular techniques] [10-13].However, in de-

veloping countries, molecular techniques may not be 

practical [14].Rather, due to the laboratory capabili-

ties and cost issues, detection of rubella and CRS 

cases serologically are more likely to be available in 

developing countries [15]. 

  
For many years, serological testing is universally 

used to determine immune status and to diagnose 

rubella/CRS cases [16, 17].  Earlier, the assessment 

of rubella immunity and diagnosis of recent/acute 

rubella infections have been carried out mainly by 

the hemagglutination inhibition (HAI) tests [18]. But 

later, the HAI assay has been entirely replaced by 

more sensitive, specific and technically less demand-

ing enzyme-linked immunosorbent assay (ELISA) 

[19].  

 
Screening for rubella antibodies using ELISA as part 

of pre-conceptual or antenatal care represents an ad-

ditional tool for the prevention and control of CRS. It 

is also useful to identify unprotected/non-immunized 

women to offer an active rubella vaccination [20]. In 

addition, in many countries, clinically recognized 

maternal rubella during the first 8 weeks of gestation 

is an indication for therapeutic abortion due to the 

high incidence of congenital rubella defects [8]. 

Therefore rubella screening in pregnancy helps to 

identify women at risk so as to offer the rubella vac-

cination during postpartumin order to protect future 

pregnancies [21, 22].Therefore, ELISA continued as 

a gold standard assay for detection of immunity 

against rubella. However, it is burdensome to per-

form, requires trained technical personnel and reports 

have long turnaround time as compared with rapid 

diagnostic techniques like SD Bioline kits and hence 

there is no routine antenatal screening in a public 

health facilities of  many countries [23, 24].  

 
Recently, there is an urgent need for more rapid, cost 

effective and less complicated assays for the diagno-

sis of rubella and CRS cases. Terada et al [25] have 

used immunochromatography technique (ICT) as a 

new rapid tool for rubella IgM and IgG antibodies 

detection with fairly good success. This technique is 

inexpensive, simple to perform and can give same 

day result. This might have great contribution for the 

prevention and control of rubella and/or CRS cases 

especially in resource limited countries. Currently, 

there is only one ICT technique Standard Diagnostic 

Bioline [SD Bioline] [SD-Bioline, Republic of Ko-

rea] that could be used for the diagnosis of rubella 

specific IgM and IgG antibodies in Ethiopian market. 

However, there were no data on the performance of 

this rapid rubella IgM and IgG diagnostic test kit in 

the country. Therefore, the aim of this study was to 

evaluate the diagnostic performance of this commer-

cially available and newly developed SD-Bioline 

with the conventional ELISA method for the diagno-

sis of rubella specific IgM and IgG antibodies. 

 

METHOD 

  
Study design, area and period: A comparative 

cross-sectional study was conducted in three Amhara 

Regional State Referral Hospitals, namely Dessie, 

Felege-Hiwot and University of Gondar Referral 

Hospitals, from December/2015- May/2017.  Dessie 

referral hospital is found in Dessie Town, which is 

located in South Wolo Administrative Zone, North-

east Ethiopia and it is 388km far from the capital 

city, Addis Ababa. Felege-Hiwot referral hospital is 

found in Bahir-Dar Town which is located in the 

Northwest part of Ethiopia and it is the capital city of 

the Amhara Regional State. It is approximately 578 

km far from Addis Ababa. University of Gondar 

Hospital is found in Gondar Town which is 747 km 

far from the capital city of the country, Addis Ababa 
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 and is found in Northwest Ethiopia. The respective 

referral hospitals have specializations in internal 

medicine, pediatrics, gynecology, surgery, ophthal-

mology and other health related specializations.  Fur-

thermore, these referral hospitals also act as teaching 

hospital or clinical attachment sites for different 

health professionals.  

 
Study participants, sample size and sampling 

technique: The study par ticipants were all preg-

nant women who visited the respective referral hos-

pitals’ antenatal care (ANC) clinics during the study 

period and gave informed consent and required 

amount of blood sample for laboratory analysis. The 

study participants were selected using simple random 

sampling technique and the sample size was calculat-

ed using single population proportion formula by 

considering 95% confidence interval, 4% margin of 

error and 50% proportion.  The sample size was pro-

portionally allocated for the selected referral hospi-

tals based on the previous flow of the pregnant wom-

en to visit the ANC clinics of the respective referral 

hospitals. 

 
Blood collection, handling and transportation: 

After obtaining informed written consent, 5ml ve-

nous blood was collected aseptically from each preg-

nant woman by medical laboratory professionals. 

Then blood sample was allowed to clot for 1 hour at 

room temperature, centrifuged at 3500 rpm for 5 

minutes and then serum was separated and collected 

into sterile vials and stored at-20oC in the respective 

referral laboratories until transported into the School 

of Biomedical and Laboratory Sciences, University 

of Gondar to be stored at -70oC until the laboratory 

analysis. 

   
Laboratory analysis and result interpretations: 

The collected serum samples were tested for rubella 

virus specific antibodies (IgM and IgG) by using 

ELISA (Linear Chemicals SL, Spain) and rubella 

virus rapid diagnostic test (SD-Bioline, Republic of 

Korea) in parallel in the School of Biomedical and 

Laboratory Sciences, College of Medicine and 

Health Sciences, University of Gondar.  

 
The rubella IgM ELISA test is a solid phase enzyme 

immunoassay based on immunocapture principle for 

the qualitative detection of IgM antibodies to rubella 

in human serum or plasma. The microwell plate is 

coated with anti-human IgM antibodies. During test-

ing, the specimen diluent and the specimens are add-

ed to the antibody coated microwell plate and then 

incubated. If the specimens contain IgM antibodies 

to rubella, it will bind to the antibodies coated on the 

microwell plate to form immobilized anti-human 

IgM antibody-rubella IgM antibody complexes. 

However, if the specimens do not contain IgM anti-

bodies to rubella, the complexes will not be formed. 

As to the rubella IgG ELISA test, it is a solid phase 

enzyme immunoassay based on indirect principle for 

the qualitative and quantitative detection of IgG anti-

bodies to rubella in human serum or plasma. The 

microwell plate is coated with rubella antigens. Dur-

ing testing, the specimen diluent and the specimens 

are added to the antigen coated microwell plate and 

then incubated. If the specimens contain IgG anti-

bodies to rubella, it will bind to the antigens coated 

on the microwell plate to form immobilized antigen-

rubella IgG antibody complexes. If the specimens do 

not contain IgG antibodies to rubella, the complexes 

will not be formed. 

 
For rubella specific IgMand IgG determination using 

ELISA method, results were read by a micro well 

reader at 450nm compared in a parallel manner with 

calibrators and controls. The qualitative result IgM 

result was interpreted as positive if the rubella IgM 

index was > 1.1, negative when the index was < 0.9 

and equivocal when the index was > 0.9 and <1.1. 

For the quantitative determination of rubella specific 

IgG antibody, the IgG result was expressed in inter-
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 national units per milliliter (IU/ml). According to the 

manufacturer’s instruction, the IgG result was inter-

preted as positive when the IgG index-value was >10 

IU/ml, equivocal when the index-value was 5-10 IU/

ml and negative when the index-value was <5 IU/ml. 

  
As to the SD Bioline rubella IgG/IgM kit, it is a solid 

phase immunochromatographic assay for the rapid, 

qualitative and differential tests for the detection of 

rubella IgG/IgM antibodies in human serum or plas-

ma. SD Bioline rubella IgG/IgM test device has three 

pre-coated line: “G” (rubella IgG test line), 

“M” (rubella IgM test line) and “C” (Control line) on 

the surface of the device. All these three lines in re-

sult window are not visible before applying any sam-

ples.  As to the result interpretation, the control line 

is used for procedural control and it should always 

appear if the test procedure is performed properly 

and the test reagents of control line are working. If a 

purple color is visible on the control line (C) and IgG 

line (G) only on the test device, the result is positive 

for rubella specific IgG. If a purple color is visible on 

the control line (C) and IgM line (M) only on the test 

device, the result is positive for rubella specific IgM. 

If a purple color is visible on the control line (C), 

IgG line (G) and IgM line (M) on the result window 

of the test device, the result is positive for both rubel-

la specific IgG and IgM. If the control line (C) fails 

to appear, the result is invalid and the test was repeat-

ed using new test device. According to the manufac-

turer, the SD Bioline has sensitivity of 98.33% and 

99.14% and specificity of 97.64% and 91.55% to 

diagnose rubella IgM and IgG  antibodies, respec-

tively[26]. 

 
Quality assurance mechanisms: The rubella test 

kits (IgM and IgG ELISA kits) have their own quali-

ty control materials that can be run in parallel with 

patient samples. The SD Bioline test kits have also 

internal quality control mechanisms. All test proce-

dures of ELISA and SD Bioline were done strictly 

following the manufacturer’s instructions. In addi-

tion, standard operational procedures were strictly 

followed. 

  
Data analysis procedure: Data were entered and 

analyzed using SPSS version 20 statistical package. 

Data was summarized using graphs and frequency 

tables. The sensitivity, specificity, positive and nega-

tive predictive values of SD Bioline test against the 

ELISA result was calculated using MedCalc statisti-

cal software. The kappa coefficient (kappa tests) was 

performed to see the agreement between SD Bioline 

and ELISA methods. The kappa coefficient can be 

interpreted as poor and fair agreements when the 

calculated kappa value was<0.20 and 0.21-0.40, re-

spectively. If the kappa value is between 0.41-0.60, 

0.61-0.80 and 0.81-1.00, it can be also interpreted as 

moderate, good or substantial and very good or per-

fect agreement, respectively[ 27].   

 
Ethical approval and consent to participate: The 

study was conducted after obtaining institutional 

ethical clearance from University of Gondar Ethical 

Review Board (UOG-IRB). Letter of agreement and 

cooperation from each referral hospital clinical direc-

tor/chief executive officer (CEO) was obtained. The 

purpose and importance of the study was explained 

to the study participants prior to their participation. 

Informed written consent was also obtained from 

each study participant as per the National Research 

Ethics Review Guideline.  

 
RESULT 

 
Of the total 600 serum samples analyzed by ELISA, 

57 (9.5%) of them were positive and the remaining 

and 543 (90.5%) of them were negative for rubella 

specific IgM antibody. However, using SD Bioline 

ICT methods,44 (7.3%) of the serum samples were 

positive and 556 (92.7%) of them were negative for 

rubella specific IgM antibody (Figure 1). As to the 

determination of rubella specific IgG, of the total 
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 serum samples, 526 (87.7%) of them were ELISA 

positive and 74 (12.3%) of them were ELISA nega-

tive. However, using SD Bioline, 435 (72.5%) sam-

ples were positive for rubella specific IgG antibody 

and the remaining 165 (27.5%) of them were rubella 

IgG negative (Figure 2). 

 
Sensitivity and specificity of SD Bioline to detect 

rubella specific IgM antibody against the convention-

al ELISA method were 66.7% (95% CI: 52.9%-

78.6%) and 98.9% (95% CI: 97.6%-99.6%), respec-

tively. Similarly, the sensitivity and specificity of SD

-Bioline to detect rubella specific IgG antibody 

against ELISA method were 82.1% (95% CI: 78.6%-

99.2%) and 96.0% (95% CI: 88.6%-99.2%), respec-

tively.  

 
The positive and negative predictive value of the SD-

Bioline to detect rubella specific IgM antibody were 

86.4% (95% CI: 73.7%-93.5%) and 96.6% (95% CI: 

95.1%-97.6%), respectively (kappa=0.730, 95% CI: 

0.62-0.83). The positive and negative predictive val-

ues of the SD-Bioline to detect rubella specific IgG 

antibody were 99.3% (95% CI: 97.9%-99.8%) and 

43.0% (95% CI: 38.5%-47.7%), respectively 

(Kappa= 0.511, 95% CI: 0.43-0.59) compared with 

ELISA method (Table 1).  

 

Figure 1: The positivity rates of rubella specific IgM antibody using ELISA and SD-Bioline methods. 
The letter “A” indicates ELISA IgM positive samples, B: ELISA IgM negative samples,  

C: SD-Bioline IgM positive samples, D: SD-Bioline IgM negative samples.  
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Figure 2: The positivity rates of rubella specific IgG antibody using ELISA and SD-Bioline methods. 
The letter “A” indicates ELISA IgG positive samples, B: ELISA IgG negative samples,  

C: SD-Bioline IgG positive samples, D: SD-Bioline IgG negative samples. 

Table 1: The sensitivity, specificity, positive and negative predictive values of  

SD-Bioline against the conventional ELISA method 

 Rubella specific   

antibodies 

SD-Bioline 

Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

PPV 

(95% CI) 

NPV 

(95% CI) 

Kappa-value 

(95% CI) 

Rubella IgM 66.7% 

(52.9-78.6) 

98.9% 

(97.6-99.6) 

86.4% 

(73.7-93.5) 

96.6% 

(95.1-97.6) 

0.730 

(0.62-0.83) 

Rubella IgG 82.1% 

(78.6-85.3) 

96.0% 

(88.6-99.2) 

99.3% 

(97.9-99.8) 

43.0% 

(38.5-47.7) 

0.511 

(0.43-0.59) 

Key: PPV: Positive predictive value, NPV: Negative predictive value 

  

DISCUSSION  

 
Prevention of rubella associated morbidity and mor-

tality depends on the prevention of infection in 

childbearing women and early recognition of mater-

nal infection [28]. The detection of rubella specific 

antibodies serologically has a great importance for 

the determinations of the immune status of childbear-

ing women and to diagnose acute rubella infection 

[5]. Although rubella and CRS cases can be diag-

nosed by different techniques, the most commonly 

used and the conventional diagnostic method is ELI-

SA[29]. However, for the prenatal counseling and 

laboratory assessments, inexpensive, simple to per-

form and assays that can give same day result is 

mandatory especially in resource limited settings like 

Ethiopia. The performance of a diagnostic test might 

be depend on factors like the intrinsic ability of the 

diagnostic test, the particular characteristics of each 

individual and the environment in which the diagnos-

tic tests is going to be applied[30]. In this study, we 

have assessed the performance of an ICT (SD Bio-

line) against the conventional and commercially 
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 available ELISA method for the diagnosis of rubella 

specific IgM and IgG antibodies.  

 
According to the present study, 9.5%and 7.3%of 

serum samples were IgM positive by ELISA and SD 

Bioline methods, respectively. To see the  perfor-

mance of a given test against the conventional gold 

standard method [31], it is mostly measured by its 

sensitivity and specificity. In the present study, the 

sensitivity and specificity of the SD Bioline to diag-

nose rubella specific IgM against the ELISA method 

were 66.7% and 98.9%, respectively. These implied 

that 33.3% of the ELISA IgM positive samples were 

falsely reported as IgM negative by SD Bioline. 

However, only 1.1% of ELISA IgM negative sam-

ples were falsely reported as IgM positive. This can 

be explained that in practical situation, the sensitivity 

and specificity might be inversely proportional (as 

one increases the other decreases and vice versa) 

[32].In the present study, the low false positivity of 

the SD Bioline to diagnose the rubella specific IgM 

antibody indicates that the SD Bioline specificity was 

greater than its sensitivity.  

 
In the present study, the probability of SD Bioline to 

identify those rubella ELISA IgM positive and nega-

tive samples were 86.4% and 96.6%, respectively. 

These results indicate that 13.6%and 4.3% of ELISA 

IgM positive and negative samples have the probabil-

ity to be reported falsely as IgM negative and posi-

tive, respectively. However, as these predictive val-

ues might be affected by the prevalence of a given 

disease [33], the calculated kappa coefficient might 

be more practical to see the level of agreement be-

tween two laboratory assays [34]. In the present 

study, the calculated kappa value was 0.730. This 

indicates that the SD Bioline had a substantial (good) 

agreement with that of the ELISA method for the 

diagnosis of rubella specific IgM antibody among 

individuals with acute or recent rubella and congeni-

tal rubella infections. In another study, even a better 

agreement between ICT and ELISA has been also 

reported [35]. Hence, this ICT assay might be useful 

for the diagnosis of recent/acute postnatal or congen-

ital rubella infections (CRI) in areas where ELISA or 

other advanced laboratory assays might not be avail-

able.  

 
In this study, we have also determined rubella specif-

ic IgG antibody by using both ELISA and SD Bioline 

methods. Of the total samples, 87.7% and 72.5% 

were IgG positive by using ELISA and SD Bioline, 

respectively. When we compared the diagnostic per-

formance of SD Bioline against ELISA for the detec-

tion of rubella specific IgG, SD Bioline had sensitivi-

ty and specificity of 82.1% and 95.9%, respectively. 

Similar to our findings, the ICT assay had high sensi-

tivity (99.4%) and specificity (100%) for the diagno-

sis of rubella specific IgG antibody in the previous 

study [36]. But in another study[24], the SD Bioline 

had lower sensitivity (36.6%)and specificity (22.5%) 

to diagnose rubella IgG antibody. These variations 

on the sensitivity and specificity of ICT against the 

rubella IgG ELISA methods in different studies 

might be associated with manufacturing defects, stor-

age condition, transportation problem and end user 

performance differences. 

 
According to the present study, 17.9% of the rubella 

ELISA IgG positive samples were falsely reported as 

IgG negative by SD Bioline. In addition, 4.1% of the 

rubella ELISA IgG negative samples were also false-

ly reported as IgG positive. This low false positivity 

indicates that the SD Bioline specificity is also great-

er than its sensitivity for the diagnosis of rubella spe-

cific IgG antibody as discussed earlier.  In the pre-

sent study, the probability of SD Bioline to identify 

those ELISA IgG positive samples was 99.3%. How-

ever, the probability of this SD Bioline to identify 

those ELISA IgG negative samples was only 43.0%. 

This low negative predictive value might be due to 

the low prevalence of IgG negative samples. When 
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 we see the agreement of the SD Bioline with that of 

the ELISA, the calculated kappa value in the present 

study was 0.511. Despite its low NPV, this kappa 

value indicates that the SD Bioline has moderate 

agreement with ELISA for the diagnosis of IgG anti-

body or to determine the immune status of an indi-

vidual and categorized as immuned or susceptible. 

As disused earlier, this ICT assay might be also im-

portant to determine the immune status of a 

childbearing women before getting pregnancy to 

prevent congenital rubella infection or rubella associ-

ated anomalies of the new born in areas where ELI-

SA assays might not be practical. 

 
In general, when large volumes of samples are to be 

tested, a test kit that do not require high technology, 

simple and fast to perform, cost effective, easily in-

terpreted, reliable and same day results is required 

[37]. Therefore, despite its sensitivity, specificity and 

kappa coefficient variations for the diagnosis of ru-

bella specific IgM and IgG antibodies in different 

studies, the SD Bioline can add a battery for the 

available rubella/CRS diagnostic tests especially in 

resource limited settings. It only requires little tech-

nical expertise, takes lesser time (only 20-

30minutes), can determine both rubella IgM and IgG 

antibodies at a time and could be done without elabo-

rate equipment and it can be done in areas where 

electricity is not avail unlike that of ELISA tech-

niques [24, 25]. 

Furthermore, the SD Bioline can be easily performed 

in many public health laboratories unlike advanced 

molecular assays like Reverse Transcriptase Poly-

merase Chain Reaction (RT-PCR)[38]. Hence, this 

SD Bioline would be useful in clinical laboratories 

especially in resource limited settings when immedi-

ate laboratory results are required for the manage-

ment of patients [24]. In addition, this would be in-

creasingly important and can guide prenatal manage-

ment as well as identify the need for long-term fol-

low up in the case of CRS in resource limited set-

tings like Ethiopia. 

 
Limitation of the study: Due to the lack of molec-

ular reagents and other rapid kits for rubella diagno-

sis in Ethiopian market during the study period, the 

performance of SD Bioline was evaluated only 

against ELISA method. 

 

CONCLUSION 

 
According to the present study, the SD Bioline had a 

substantial agreement with the ELISA assay for the 

diagnosis of rubella specific IgM antibody. This ICT 

had also moderate agreement with commercially 

available ELISA method to diagnose rubella specific 

IgG antibody. Furthermore, it could be also an alter-

native approach for the diagnosis of both rubella/

CRS cases especially in resource limited settings like 

Ethiopia. 
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