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ABSTRACT
This study aimed to perform a comparative analysis 
between the frequency of detection of the measles 
virus in Bulgarian patients by using two types of 
laboratory methods - serological and molecular.
Materials and Methods: Two types of clinical 
material (serum samples and nasal swabs) A from a 
total of 202 patients with were tested. The specimens 
were collected during the measles outbreak in 
Bulgaria in 2019. The serological - indirect EIA 
test for detection of specific IgM antibodies and 
molecular methods - extraction and detection of 
viral RNA were used.
Results: In the present study, tested Bulgarian 
patients were divided into 11 age groups. The 
majority of patients were under 9 years of age 
(126/202, 62%), including children under 1 year 
of age (31/202, 15%). Acute measles infection was 
confirmed by ELISA-IgM in 136/202 (67%) and by 
RT-PCR in 138/202 (68%) of cases. The positive 
patients detected only by PCR methods were mainly 
among the younger patients. In 123/202 of the 
patients (60,89%) measles infection was confirmed 
by a combined serological and molecular-biological 
approach. The rate of coinciding results obtained 

was 87%, including double positive (n=123) 
and double negative (n=52) tests. No significant 
differences in the results in terms of gender and age 
were found.
Conclusion: The combined laboratory approach 
(immunoenzymatic and molecular assay of each 
suspected case) is a requisite for measles detection, 
especially before the onset of symptoms when 
specific IgM antibodies could not be detected. 
Molecular biological techniques are basic and 
preferred approach in the field of modern 
biomedical sciences. They play an important role 
in the early and accurate etiological diagnosis and 
monitoring of viral infections, in particular the 
measles virus. 
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INTRODUCTION
The study of viral and bacterial infectious agents 
can be a difficult challenge. This is due either 
to nonspecific manifestation or atypical clinical 
course after the implementation of specific 
prophylaxis, including active vaccination. Therefore, 
a comprehensive differential diagnosis should be 
generated, taking into account the diversity of the 
clinical manifestation, the attendant complications, 
and the epidemiological parameters of the patient. 
The accurate diagnosis and proper etiologic 
treatment often can be difficult.
Serological (immuno-enzyme) methods are based 
on the high specificity of the antigen-antibody 
reaction. This type of diagnosis supposes the 
identification of the infectious agent  structural 
proteins and/or the detection of specific antibodies 
of classes Ig M, Ig G, Ig A, which are an important 
diagnostic marker for  current (acute) or past 
infection (immune status) (1, 2).
Development and establishment of different 
molecular genetic techniques are important 
for improvement of diagnostic methods. The 
development of molecular diagnostic procedures 
for detecting nucleic acid, especially immunogenic 
regions of the viral or bacterial genome, are 
current methods for detection of infectious agents. 
Molecular diagnostics is a tendency in para clinical 
practice that uses laboratory techniques to detect a 
large number of pathogens (3, 4).
Measles virus is a single-stranded, negative-sense 
RNA virus and a member of the Morbillivirus 
genus in the family of Paramyxoviridae. Measles 
virus is an antigenically monotypic virus. Point 
mutations have been accumulated in different 
parts of the virus genome, mainly in regard to 
hemagglutinin and nucleocapsid. However, 
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only a small number of these accumulations 
induce amino acid substitutions enabling the 
appearance of new biological characteristics. 
That determines the measles virus stability (5). 
Measles is transmitted from person to person by 
the airborne route. It is characterized by a high 
contagious index (over 95%), which determines 
the rapid spread of infection among unprotected 
population groups (6, 7, 8, 9, 10).
According to World Health Organization (WHO) 
criteria, measles infection is confirmed by clinical 
and laboratory diagnostics 11).
Clinically, measles is diagnosed in the presence 
of one or more typical symptoms: appearance of 
generalized maculopapular rash lasting 3-4 days, 
combined with fever (38.50C or higher), and at least 
one of cough, coryza or conjunctivitis (11, 12).
Laboratory diagnosis of measles is based on one of 
the following indicators:
-	 isolation of measles virus from clinical specimens 

(throat swab, nasopharyngeal aspirate, 
conjunctival swab, urine);

-	 detection of measles RNA;
-	 detection in serum or oral fluid specimens of 

specific antibody response against measles virus 
typical for acute infection;

-	 detection in clinical specimens of measles virus 
antigen by Direct Fluorescent Assay (DFA) using 
measles virus-specific monoclonal antibodies.

Laboratory testing depends on important factors 
such as collecting an appropriate clinical specimen 
for virus detection, its storage, transport and 
interpretation of the results in a certified laboratory.
Genotype data should be used in conjunction with 
epidemiological information to track transmission 
pathways and identify sources of infection. On the 
other hand, sequencing analysis is the only way to 
distinguish whether a person has wild-type measles 
virus infection, or a rash caused by a recent measles 
vaccination (10).
This study aimed to perform a comparative analysis 
between the frequency of detection of measles 
virus in Bulgarian patients by using two types of 
laboratory methods - serological and molecular.

MATERIALS AND METHODS
Materials
A total of 404 clinical specimens, collected from 202 
patients with diagnosis “probable measles infection”, 
were tested by applying a combined differential 
diagnostic approach (serological and molecular-
biological). Cases were reported during the 2019 
measles outbreak in Bulgaria. Sera samples (n=202) 
and nasal swabs (n=202) were provided from each 
patient.

Materials were provided by the biological bank 
of the National Reference Laboratory “Measles, 
Mumps, Rubella”, Department “Virology” at the 
National Center of Infectious and Parasitic Diseases 
(NCIPD), Sofia.
Methods
•	 Serological analysis
All serum specimens were tested for presence of anti-
Measles IgM with a commercial indirect enzyme-
linked immunosorbent assay (Anti-Measles IgM/IgG 
ELISA, Euroimmun, Germany). The tests were carried 
out according to manufacturer’s instructions. The 
absorbance values of tested samples were divided 
by the mean absorbance values of cut-off calibrator 
and the results were interpreted qualitatively as 
positive, negative or equivocal.
•	 Molecular analysis

-	 Extraction of viral RNA from starting specimen 
(nasal swabs) with commercial test Qiagen 
Viral RNA Mini kit, Germany was performed.

-	 Detection on nucleoprotein (N) gene and 
determining the frequency of its proof as a 
diagnostic marker by commercial kit Qiagen 
One-Step RT-PCR.  CDC consensus primers 
MeV216 and MeV214 (concentration 20 µM) 
were used for the detection of MeV.

-	 Electrophoresis in 2% agarose gel stained 
with ethidium bromide for visualization of 
measles PCR products.

•	 Statistical Analysis
For the statistical processing of the results obtained 
we used relative percentages (%), graphical and 
table analysis.

RESULTS AND DISCUSSION
Demographic data 
A total of 202 patients with “probable measles 
infection” (Obs. Morbilli) were investigated. Samples 
were collected over a twelve month period during 
outbreak in 2019 in Bulgaria. Two types of clinical 
material were provided from all investigated 
patients to perform accurate measles diagnosis. 
According to WHO recommendation, combined 
serological and molecular approach for viral 
detection was used.
The tested patients were divided into 11 age 
groups. Most of the infected were children from 
the groups: less than 1 year, 1-4 years and 5-9 years 
old. The majority of patients were under 9 years 
of age (126/202, 62%), including those under one 
year of age (31/202, 15%), who according to the 
health policy of the country, had not yet received 
the measles vaccine and were potentially at risk 
(Table 1).
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The current study included 14 of the 28 regions of the 
country.  The samples are from hospitalized persons 
in the local hospitals (Figure 1). 2019 is characterized 
by increased measles morbidity among the 
population in the country and registration of over 
1000 infected. Despite the measures taken by the 
Ministry of Health, the number of patients continued 
to increase in 2020. The measles outbreak started 
in the first half of February 2019 in Blagoevgrad 

district. The number of tested samples in present 
study from there is 21/202, 10.40%. The genetic 
and epidemiological analysis proves the import 
nature of the disease from the Republic of Western 
Macedonia. Subsequently, Sofia district (31/202, 
15.35%), Kyustendil district (68/202, 33,66%) and 
Pazardjik (32/202, 15,84%) were covered and tested, 
isolated cases were investigated in other 9 areas 
(50/202, 24,75 %).

Table 1. Distribution of the tested patients (n = 202) by age and gender, in numbers and percentage 

Age (years)

Tested patients Gender 

Number Percent (%) Male (n/%) Female (n/%)

<1 31 
15%

14 (45%) 17 (54%)
1-4 55 

27%
27 (49%) 28 (50%)

5-9 40 
19%

22 (55%) 18 (45%)
10-14 14 

6%
9 (64%) 5 (35%)

15-19 6 
2%

4 (66%) 2 (33%)
20-24 3 

1%
1 (33%) 2 (66%)

25-29 19 
9%

12 (63%) 7 (36%)
30-34 12 

5%
6 (50%) 6 (50%)

35-39 7 
3%

4 (57%) 3 (42%)
40-44 10 4% 2 (20%) 8 (80%)
≥ 45 5 2% 4 (80%) 1 (20%)
Total 202 100% 105 (52%) 97 (48%)

Figure 1. Distribution of the studied patients (n = 202) by country region
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Serological analysis
Acute measles infection (presence of measles IgM 
antibody) was confirmed by EIA assay in 136/202 
(67%) of tested samples. It is an indicator of an early 
immune response to the virus (11, 13). In many 
cases measles IgM marker should be considered in 
combination with testing for other infectious agents 
causing fiver rash syndrome (14). In this study, all 
serum samples were tested by rubella IgM ELISA 

assay and proved negative for rubella.
The largest proportion of cases were among 
children aged 1-4 years (45/202, 22,78%) and 5-9 
years (27/202, 13,37%) or 72 /202 (35,64% ) in total. 
These are population groups that must have been 
subjected to first dose MMR vaccine, but patient`s 
records showed a delay  of the vaccination or 
gradual decrease in protective immunity. This is 
the group of patients most affected by measles in 
Europe and around the world (15).

Table 2. Distribution of tested patients by age and confirmed acute measles infection by measles ELISA 
IgM and RT-PCR diagnostic markers and age groups (n = 202)

Age (years) Number of 
patients (n)

Patients tested by measles 
IgM ELISA Patients tested by measles RT-PCR

Number (+) Number (-) Number (+) Number (-)

<1 31 21 10 25 6
1-4 55 45 10 42 13
5-9 40 27 13 28 12

10-14 14 6 8 8 6
15-19 6 6 0 5 1
20-24 3 2 1 2 1
25-29 19 11 8 10 9
30-34 12 6 6 6 6
35-39 7 6 1 5 2
40-44 10 4 6 5 5
≥ 45 5 2 3 2 3
Total 202 136 66 138 64

Molecular analysis
Molecular biological methods have been identified 
as one of the most sensitive assays for determining a 
viral agent in clinical and tissue samples. Detection 
of specific target region of viral or bacterial genome 
with PCR-based technique has been used clinically 
to improve the diagnostic accuracy.  During the first 
few days after the infection onset, RT-PCR may be 
diagnostically more useful than serology.
In the current study, MeV-RNA was detected in 
138 out of 202 (68%) specimens (nasal swabs) (see 
Table 2). The majority of cases occurred among 
children below 9 years old. The results for four 
patients (younger than 1 year) were positive only 
by PCR analysis, while their serological test was 
negative (16). 
A comparative analysis between the standard 
laboratory methods (immunoenzymatic and 
molecular biological) was carried out, by calculating 

the frequency of detection of serological markers - 
specific IgM antibodies and conservative region of 
viral genome. Acute viral infection was serologically 
confirmed in 136/202 (67%) of the cases by 
serology, and in 138/202 (68%) of the cases by 
molecular biology. In the majority of the patients 
tested (123/202, 60.89%), the etiological role  of 
the measles virus was confirmed by a combined 
serological and molecular-biological approach 
(Figure 2). Considering that with two types of 
clinical material taken on the same day of infection 
were provided from all individuals, the results 
obtained showed a detection rate of 67% and 68% 
for the two diagnostic markers - IgM antibodies 
and viral RNA, respectively The coincidence rate 
of results obtained was 87%, including double 
positive (n=123) and double negative (n=52) ones. 
Serum-based measles-specific IgM EIAs are the 
recommended laboratory assays for diagnosis of 



9

LABORATORY COMPARATIVE ANALYSIS OF SEROLOGICAL AND MOLECULAR BIOLOGICAL METHODS...

acute measles infections and appear to be sufficient 
for measles control programs. However, serum 
samples are not ideal for molecular characterization 
of measles virus (17).
 Laboratory confirmation methods are affected by 
the timing of specimen collection (18, 19). In fact, 
studies have shown that 30% of serum specimens 
obtained in the first 72 hours after rash onset 
reveal negative results, since IgM antibodies are 
still developing and may be below the detectable 
levels (20, 21). Taking into account that case 
investigation and sampling, in our context, occured 

early after rash onset, the number of measles cases 
reported might slightly underestimated based 
on IgM serology solely. In similar cases, a number 
of authors highlighted the advantages of the 
molecular analysis (16). The added advantage of 
throat swab samples is the non invasive and easy-
to-handle collection as compared to serum samples 
that  require specific transport and conservation 
conditions to avoid false negatives (22). 
Our data show the potential interchangeability of 
the two approaches - serological and molecular 
biological in the diagnosis of measles virus.

Figure 2. Distribution of confirmed positive patient samples (serum samples and nasal swabs) for 
measles with a combination of diagnostic markers in percentages by age and sex (n = 202)

The similar results obtained in the diagnosis of 
acute measles infection show that both laboratory 
methods have equal sensitivity and specificity. 
Therefore, the appropriate approach for the 
diagnosis of measles infection will depend entirely 
on the specific clinical case, health condition of the 
patient and doctor’s estimation.
Most of the MeV-positive cases were confirmed 
by both RNA detection and serology. The positive 
patients detected only by PCR methods were 
mainly among the younger tested. This could 
be due either to sample collection during the 
window period or very early before the onset of 
symptoms when specific Ig M antibodies cannot 
be detected, or - eventual reinfection with the 
virus, in which case the organism may react 
without acute phase IgM antibodies formation 
(Figure 1). In these cases, the molecular approach 
is the only successful choice of diagnostic 
method (23).

CONCLUSION
Molecular-biological techniques are a basic 
and preferred approach in the field of modern 
biomedical sciences. Genomic techniques 
developed rapidly and became a subject of great 
interest in the first two decades of the 21st century. 
They provide an opportunity to study the structure 
of micro and macro-organisms, the microbiome, 
and infectious agents that are important for public 
health. PCR is a particularly appropriate laboratory 
method for clarification and confirmation of 
measles virus infection in a variety of circumstances, 
including atypical or complicated presentations 
(young children, pregnant women and the elderly, 
immunocompromised patients) or cases in which 
serum for antibody testing is not available.
PCR facilitates identification of measles virus 
genotypes and differentiation between vaccine-
associated and wild type measles virus infection. 
Molecular biological methods play an important role 
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in the early and accurate etiological diagnosis and 
monitoring of infectious pathogens, in particular 
the measles virus.

Competing Interest
The authors do not have any competing interest.

Acknowledgements
This work was funded by the European Fund for 
regional development through Operational Program 
Science and Education for Smart Growth 2014 - 
2020, Grant BG05M2OP001-1.002-0001-C04 
“Fundamental Translational and Clinical 
Investigations on Infections and Immunity”.

References
1.	 Greer S, Alexander GJ. Viral serology and detection. Baillieres Clin 

Gastroenterol.,  1995; 9(4): 689-721.
2.	 Leibovici L, Sharir T, Kalter-Leibovici O, Alpert G, Epstein L. An 

outbreak of measles among young adults. Clinical and laboratory 
features in 461 patients. J Adolesc Health Care, 1988, 9: 203–7.

3.	 Wiedbrauk D, Farkas D, Molecular Methods for Virus Detection. 
Molecular Pathology, 1996, 50(2) DOI: 10.1136/mp.50.2.111-a

4.	 Read S, Burnett D, Fink C. Molecular techniques for clinical diagnostic 
virology. J Clin Pathol, 2000, 53:502–506

5.	 Moss W. Measles. Lancet, 2017, 390: 2490–2502.
6.	 Riddell M, Rota J. & Rota P. Review of the temporal and geographical 

distribution of measles virus genotypes in the prevaccine and 
postvaccine eras Virol J, 2005, 2: 87. 

7.	 Tulchinsky T, Ginsberg G, Abed Y, Angeles M, Akukwe C, Bonn J. 
Measles control in developing and developed countries: the case for a 
two-dose policy. Bull World Health Organ, 1993, 71(1): 93-103.

8.	 Cherry J. Measles In: Feigin and Cherry ‘s Textbook of pediatric 
infectious diseases. 1998, 4th ed. Philadelphia: WB Saunders, 2054–
74.

9.	 Perry R, Halsey N. The Clinical Significance of Measles: A Review. The 
Journal of Infectious Diseases, 2004, Issue Supplement_1, 189 : S4–
S16

10.	  Laksono BM,  de Vries RD, McQuaid S,  Duprex WP, de Swart RL, 
Measles Virus Host Invasion and Pathogenesis, Viruses, 2016, 8, 210; 
doi:10.3390

11.	 WHO, Manual for the laboratory diagnosis of measles and rubella 
virus infection - Second edition, 2007, World Health Organization.

12.	 Commission decision of 28/IV/2008 amending Decision 2002/253/
EC laying down case definitions for reporting communicable 
diseases to the Community network under Decision No 2119/98/
EC of the European Parliament and of the Council.

13.	 Griffin D. Measles Virus, in Fields Virology. Knipe DM , Howley PM, 
Griffin DE, Martin MA, Lamb RA, Roizman B, Straus SE, editors. 4th 
edition. 2001, Lippincott Williams & Wilkins

14.	 Thomas H, Barrett E, Hasketh L, Wynne A, Morgan-Capner P. 
Simultaneous IgM reactivity by EIA against more than one virus in 
measles, parvovirus B19 and rubella infection. J Clin Virol, 1999, 14(2): 
107-108

15.	 https://ecdc.europa.eu/en/measles
16.	 Benamar T, Tajounte L, Alla A, et al. Real-Time PCR for Measles Virus 

Detection on Clinical Specimens with Negative IgM Result in Morocco. 
PLoS One. 2016, 11(1): e0147154

17.	   Bellini WJ,  Helfand RF. The Challenges and Strategies for 
Laboratory Diagnosis of Measles in an International Setting. The 
Journal of Infectious Diseases. 2003, 187 Suppl 1(s1):S283-90, 
DOI: 10.1086/368040

18.	  Sanz J, Mosquera M, Ramos B, RamíRez R, De Ory F, Echevarria 
J. Assessment of RNA amplification by multiplex RT-PCR and IgM 
detection by indirect and capture ELISAs for the diagnosis of measles 
and rubella. APMIS. 2010, 118(3):203–9. 

19.	 Woo GKS, Wong AH, Lee WY, Lau CS, Cheng PKC, Leung PCK, et 
al. Comparison of laboratory diagnostic methods for measles infection 
and identification of measles virus genotypes in Hong Kong. J Med 
Virol, 2010, September 1, 82(10):1773–81.

20.	 Ito M, Suga T, Akiyoshi K, Nukuzuma S, Kon-no M, Umegaki 
Y, et al. Detection of measles virus RNA on SYBR green real-time 
reverse transcription-polymerase chain reaction. Pediatr Int. 2010, 
52(4):611–5. 

21.	 Ratnam S, Tipples G, Head C, Fauvel M, Fearon M, Ward 
B. Performance of indirect immunoglobulin M (IgM) serology tests 
and IgM capture assays for laboratory diagnosis of measles. J Clin 
Microbiol. 2000, 38(1):99–104. 

22.	 Rota P, Brown K, Hubschen J, Muller C, Icenogle J, Chen M-H, et 
al. Improving Global Virologic Surveillance for Measles and Rubella. J 
Infect Dis. 2011, 204 (Supplement 1):S506–13. 

23.	 Gatcheva N, Mihneva Z, Mehandjieva V, Petkova V. Elimination of 
measles in Bulgaria: the fever-rash illness surveillance revealed no 
indigenous transmission following the importations in 2005 and 2006. 
Probl Infect Parasit Dis. 2007, 35(2):30-33.


