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INTRODUCTION 

 

Measles is an acute, highly contagious, respiratory viral infection caused by measles 

virus that belongs to Morbilli genus of the family Paramyxoviridae. Measles is 

uniquely a human disease, although primates can contract it.1 However, neither 

primates nor any other animal reservoir has been identified as capable of 

maintaining the disease or permitting its spread or reintroduction into human 

population.2 

Measles is an airborne virus spread by direct contact with droplet from respiratory 

secretions of infected persons. Patients with measles are most infectious during the 

late prodromal phase of the illness, when cough and coryza are at their peak. 

However, the disease is probably contagious from several days before until several 

days after the onset of rash 3.  

Epidemics of measles occur at 2 – 5 year interval and lasts for 3 – 4months; 3 they 

occur most commonly in autumn, winter and spring when children are clustered 

together indoors in day- care centers, kindergartens and schools, where the virus 

could spread easily.  In densely populated areas, measles commonly affected 

children aged 3 – 4 years. In less crowded urban areas and in rural areas, the highest 

incidence was among children aged 5 – 10 years. The disease is extremely rare in 

infants because of passively acquired maternal antibodies.4  

Measles is often an unpleasant mild illness characterized by prodromal fever, 

followed by macular popular rash, conjunctivitis and coryza. Koplic spots on the 

buccal mucosal membrane characteristic of measles may occur shortly before onset 

of rash. The characteristic red rash appears on the 3rd  to 7th day beginning on the 

face and spreading to other parts of the body and usually lasts for 4 – 7 days. The 
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rash normally fades in the same order it appears from head to exteremities. Severe 

measles is likely to manifest in poorly nourished young children, especially those 

who do not receive sufficient vitamin A, or whose immune systems have been 

weakened by HIV/AIDS or other diseases.1, 3, 5 

Children usually do not die directly of measles, but from its complications. 

Complications following measles are generally seen in infants, children with 

impaired immunity, severe malnutrition including vitamin A deficiency or those 

suffering from chronic diseases and adults over the age of 20.6  

The most serious complication includes blindness, encephalitis, diarrhea, ear 

infections and severe respiratory infections such as pneumonia, which is the most 

common cause of death associated with measles. The case fatality rate in developing 

countries is generally in the range of 1 – 5%, but may be as high as 25% in 

populations with high levels of malnutrition and poor access to health care. This 

compares with 0.1% in developed industrialised countries. Rare and late 

complications are Acute Post infectious Measles encephalitis (APME), Measles 

inclusion body encephalitis (MIBE) and Sub acute sclerosing Pan Encephalitis 

(SSPE).6-7 

Measles may resemble infections with rubella, dengue fever, ECHO, Coxsackie, 

Parvo virus B19 and herpes virus 6 as well as some bacterial and rickettsial diseases. 

In addition other conditions including Kawasaki’s disease, toxic shock and drug 

reactions may present with similar signs and symptoms. The non-specific nature of 

the prodromal signs and the existence of mild cases, however, make clinical signs 

unreliable as the sole diagnostic criteria of measles disease. Thus, laboratory 

confirmation of clinically diagnosed measles cases is imperative.1  
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Clinically diagnosed measles can be confirmed by detection of measles specific IgM 

antibody, demonstration of rising titer of neutralizing antibodies between paired 

samples (acute and convalescent), virus isolation  and detection of viral antigen by 

Immuno fluorescence or the genome by  RT – PCR.3  

Although measles is serologically a monotypic virus, sequence analysis of the 

haemagglutinin (H) and Nucleoprotein (N) genes has shown that distinct lineages of 

wild type viruses exist and co circulate. Owing to the expansion of virological 

surveillance, more genotypes have been identified since 1990. Based on the genetic 

variations in Nucleoprotein and Hemagglutinin gene, so far 8 clades (genetic 

relationship between the various genotypes) are observed and with in the eight 

clades 23 genotypes (operational taxonomic) are identified and recognized by World 

Health Organization (A, B1 to B3, C1, C2, D1 to D10, E, F, G1 toG3 H1 and H2). 

The genotypes are geographically restricted. Molecular characterization of measles 

viruses is an important component of measles surveillance, as it has made significant 

contribution to measles control efforts, by providing a means to identify the source 

and transmission pathways of the virus. Therefore, WHO recommends that 

virological surveillance is conducted during all phases of measles control and that 

virological surveillance activities be expanded to provide an accurate description of 

the global distribution of measles genotypes.3, 8 – 11 

The introduction of measles vaccine into routine immunization programmes results 

in a marked reduction in incidence of the disease and its associated morbidity and 

mortality. 

Resolution of World Health Assembly   

In 1989 the World Health Assembly defined a specific goal to reduce measles 

morbidity by 90% and measles mortality by 95% by 1995, when compared with 
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disease burden in the prevaccine era.  In 1990 the World Summit for Children 

endorsed the same goal and also set a target of 90% coverage with measles vaccine 

and other vaccines used in the Expanded Programme on Immunization by 2000. 

Furthermore, targets for the regional elimination of measles have been established in 

the Region of the Americas, the European Region and the Eastern Mediterranean 

Region by 2000, 2007 and 2010 respectively.12-13 

Measles Mortality Reduction and Regional Elimination strategic plan 

In March 2001, WHO and UNICEF jointly released their Measles Mortality 

Reduction and Regional Elimination: Strategic Plan 2001 – 2005 which was 

endorsed by the 56th World Health assembly. The prime objective of the plan was to 

reduce by half the number of global measles deaths by the end of 2005 (as compared 

to the number of deaths in 1999) and to achieve and maintain interruption of 

indigenous measles transmission in large geographical areas with established 

elimination goals. The strategies developed to achieve this included:14 

 Providing the first dose of measles vaccine to successive cohorts of infants 

 Ensuring all children have a second opportunity for measles vaccination.  

 Enhancing measles surveillance with integration of epidemiological and 

laboratory information; and 

 Improving the clinical management of every measles case. 

The release of the joint strategic plan helped to re-invigorate global, regional and 

national efforts to reduce measles mortality. Countries with high measles mortality 

were strongly urged to implement a comprehensive strategy for sustainable measles 

mortality reduction. This included achieving high routine measles immunization 

coverage (>90%) in every district and ensuring that all children were offered a 

“second opportunity” for measles immunization, either through routine 
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immunization services or periodic supplemental immunization activities (SIAs). 

Regional measles elimination goals have now been adopted by 4 WHO Regions 

with the African and South East Asian Regions focusing on measles mortality 

reduction. 

In May 2005 the 58th world health assembly unanimously adopted the 

WHO/UNICEF global immunization strategy that calls on countries to reduce global 

measles deaths by 90% by 2010 compared to 2010 estimates.  

There are three sequential phases for measles control/Elimination based on the 

immunization programmes:1 

1. Measles control phase:- 

 Measles control is defined as a significant reduction in the incidence and 

mortality from measles. When high levels of vaccine coverage are attained (in the 

range of 75–80%), measles incidence decreases and the intervals between outbreaks 

are lengthened (i.e. 4–8 years) when compared to those observed during the pre-

vaccine era (i.e. 2–4 years).  

2. Measles outbreak prevention phase:- 

 Once measles has been drastically and persistently reduced, countries may 

wish to implement strategies aimed at the prevention of periodic measles outbreaks. 

These strategies include improved surveillance in order to understand the changing 

epidemiology of the disease (e.g. changes in the age distribution of cases, settings 

for measles transmission, etc.) and to identify high-risk populations. It is possible to 

predict outbreaks and to prevent them by timely immunization of susceptible 

individuals in high-risk populations and by improving overall population vaccine 
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coverage level. If an outbreak is anticipated supplementary immunization activities 

should be considered. 

3. Measles elimination phases:- 

 A number of developing and industrialized nations have begun to implement 

innovative measles immunization and surveillance strategies in an effort to eliminate 

indigenous transmission of measles virus. The development of innovative strategies 

has been prompted by the ongoing low level transmission and intermittent outbreaks 

in these countries, despite high coverage with either one or two dose measles 

immunization schedules. 

A common principle to all the strategies currently being implemented is the need to 

maintain the number of susceptible individuals in the population below a certain 

critical number required to sustain transmission of the virus.  

In their joint global plan for reducing measles mortality, 2006 – 2010, WHO and 

UNICEF have target 47 priority countries to target for implementation of accelerated 

sustainable measles mortality reduction activities. These countries account for more 

than 95% of global measles deaths; they are WHO African Region: Angola, Benin, 

Burkina Faso, Burundi, Cameroon, Central African Republic, Chad, Congo, Côte 

d’Ivoire, Democratic Republic of the Congo, Eritrea, Equatorial Guinea, Ethiopia, 

Gabon, Ghana, Guinea, Guinea-Bissau, Kenya, Liberia, Madagascar, Mali, 

Mozambique, Niger, Nigeria, Rwanda, Senegal, Sierra Leone, United Republic of 

Tanzania, Togo, Uganda and Zambia; WHO Eastern Mediterranean Region: 

Afghanistan, Djibouti, Pakistan, Somalia, Sudan and Yemen; WHO South-East 

Asia Region: Bangladesh, India, Indonesia, Myanmar, Nepal and Timor-Leste; and 

WHO Western Pacific Region: Cambodia, Lao People's Democratic Republic, 

Papua New Guinea and Viet Nam.15 
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Global Incidence  

Prior to the introduction of measles immunization, there were nearly 130 million 

cases worldwide annually with approximately 5.8 million deaths.16 While measles is 

now under control or in various stages of elimination in many industrialized 

countries, it remains a common illness in many developing countries  (Figure 1.1). 

More than 20 million people are affected each year. In 2005, it was estimated that 

there were 3,45,000 measles deaths globally; this translates to about 945 death every 

day; 39 people die every hour from measles.15  

Figure 1.1: Reported global measles incidence 
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Incidence of measles in WHO South East Asian Region countries 

Countries under this region are Bangladesh, Bhutan, DPR Korea, India, Indonesia, 

Maldives, Myanmar, Nepal, Sir Lanka, Thailand, and Timor-leste. Monovalent 

measles immunization coverage among the countries has varied widely; the over all 

immunization coverage was 86% (WHO/UNICEF estimated coverage – 80%) in 

2004 and decreased to 84.8% (WHO/UNICEF coverage -80.3%) in 2005. In 2006, it 

again rose to 87.9% (WHO/UNICEF coverage – 86.2); lowest coverage was 

reported from Timor-leste (64%) and highest from Sri Lanka (99%).17 Four 

countries in the region, (Thailand, Bhutan, Sri Lanka and Maldives) implemented 

2nd opportunity through routine immunization.18 

In 1989, the reported measles cases were 440,000; since then it decreased steadily to 

47,741 cases in 1999. However, the number of cases gradually increased to 93,616 

in 2002,  91,503 in 2003, 108,089 in 2004, 104,507 in 2005, 97,576 in 2006 and 

69,301 in 2007 (Figure 1.2).19        

Figure 1.2: Illustrates the reported measles incidence of SEAR countries  
between 1990 and 2007 
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Indian scenario 

 Measles vaccine was introduced in the National Immunization Programme in 

1985 – 86 in a phased manner and became available in all districts in 1992 – 199320 

(Figure 1.3 Panel A). India reported immunization coverage of 86.1% and 89.2% in 

2004 and 2005, respectively.17 However, WHO and UNICEF immunization 

coverage estimated 56% coverage for the two years.17 In 2006, the reported 

immunization coverage was 90%, almost similar to the WHO and UNICEF survey 

estimated at 90.4%.  

 Vaccination coverage varies within the different states (Figure 1.3 Panel B & 

C).  Delhi state has higher vaccine coverage since it has taken the lead and initiative 

of the two dose schedule of measles and measles, mumps, rubella (MMR) at 9th 

months and at 15th months respectively.21 Goa, Maharashtra and Tamil Nadu 

reached 84 – 88 percent coverage. Six states, Andhra Pradesh, Chatisgarh, Delhi, 

Gujarat, Punjab and Madhya Pradesh achieved more than 70 percent coverage 

during 2001 – 2002.22 

 Measles is endemic in Indian sub continent, despite availability of measles 

vaccine over 20 years. The reported measles case was 44,004 in 2003, 51,546 in 

2004 and 52,454 in 2005.19 
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Situation in the state of Tamil Nadu 

All exanthematous diseases are generally known as “Ammai”; Measles as 

“Thatammai”. People still believe that the development of rash is due to God’s 

anger/ wrath of evil spirits. Tamil Nadu has adopted the same immunization policy 

of Government of India and the immunization coverage is being maintained > 99% 

since 1998, as reported by Director of Public Health (www.tnhealth.org).  Private 

medical practioners play an important role in medical services, especially in 

immunization. In the Universal Immunization programme, only 5 vaccines are 

included (Measles, Polio, BCG, DPT and TTM). Second opportunity for measles 

vaccines is not yet available through the routine immunization programme; but it is 

administered by private practitioners. MMR vaccine is being administered at the age 

12 – 18 months. However, there is no data available about MMR vaccination 

coverage by the private practioners. 

During the prevaccine era and 5 years after implementation of measles vaccination  

~ 10,000 cases were reported, cases then decreased gradually. Mortality of measles 

cases reduced from over 100 in the 1980s to 10 in the 1990s. Though the mortality 

has been reduced drastically, clinically confirmed measles outbreaks have been 

reported from almost all the districts. In 2001, 488 clinically confirmed cases were 

reported to Directorate of Public Health, however, the reported incidence is an 

underestimate as due ethnic reasons as well as absence of systematic surveillance 

most of the cases are not reported (Figure 1.4). 

Many studies have been reported from Tamil Nadu where the confirmation of 

measles cases is mainly based on clinical evaluation. No statewide surveillance was 

established before this study and there was lack of facility for laboratory 

investigation, therefore the real prevalence of measles could not be estimated. 
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Figure 1.4: This figure illustrates the status of measles incidence (Panel A) and 

vaccination coverage (Panel B) in Tamil Nadu state, India from 1985 – 2005 

India map is highlighting the geographic area of Tamil Nadu state 

 

 

 

 

 

 

 

 

 

Source: Directorate of Public Health, Tamil Nadu 

With the above background, the study was undertaken in the state of Tamilnadu for: 

• Serological confirmation of clinically suspected measles outbreaks / cases to 

identify epidemiological situation. 

• Isolation of measles virus and confirmation by Immunofluorescence.   

• Genetic characterization of measles virus to identify the circulating 

genotypes. 

• Sero survey of measles to estimate the sero conversion after a second dose. 
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REVIEW OF LITERATURE 

2.1 HISTORICAL VIEW 

The name measles is derived from the Latin, miscellus, meaning miserable. The 

disease is also sometimes known as rubeola (from rubeolus, Latin for reddish) or 

morbilli (from morbus, Latin for disease)23. Measles is a relatively new disease of 

humans. No account of it can be found in the writings of Hippocrates (460 to 377 

BC) or other pre-Christian authors.24 – 26  

The first written description of measles is attributed to Abu Becr, a 10th century 

Persian physician also known as Rhazes. He referred to measles as hasbah, which 

means “eruption” in Arabic and distinguished it from small pox.27  

Thomas Sydenham’s remarkable description of an outbreak of measles in London in 

1670 provided an accurate clinical picture of the disease, called attention to its 

increased severity in adults and recorded the danger of pulmonary complications.28 

In the 16th century, Aztec and Inca civilizations, already ravaged by small pox, were 

further devastated by measles. Both diseases were introduced into these virgin 

populations by the Conquistadors.26 During the 17th and 18th centuries, the American 

colonies were repeatedly swept by epidemics of measles.24, 25, 29  

In 1846, Peter Panum, a young Danish physician was sent to assist with 

investigation of an epidemic of measles in the Faroe Islands. He confirmed that 

measles was contagious and was transmitted directly from person to person. He 

defined the 14 day incubation period between exposure and the appearance of the 

rash, and demonstrated that patients were infectious at the end of the prodrome when 

the rash was just breaking out.30  
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In 1883, Hirsch described the devastating impact of measles on virgin populations in 

the Fiji Islands and the Amazon Basin, recording mortalities in excess of 20% and 

the extinction of entire tribes. He confirmed Panum’s observations and concluded 

that measles died out when the pool of susceptibles was exhausted.31 

In the mid -18th century, Francis Home, a Scottish physician, attempted to immunize 

children by inoculating their scarified skin with blood taken from infected 

individuals shortly after the measles rash appeared. Mild measles developed in 10 of 

the 12 inoculated children, but with an incubation period of only 8 to 10 days32. 

Home’s work was regarded with some skepticism until 1905, when Hektoen 

demonstrated the transmission of measles by transfer of blood from patients in the 

acute stage to susceptible volunteers.33–34 The viral etiology of measles was 

confirmed when Goldberger and Anderson reproduced the disease in monkeys 

inoculated with filtered respiratory tract secretions from patients with measles.35,36  

In 1954, Enders and Peebles reported the isolation of measles virus in roller tube 

cultures of primary human and rhesus monkey kidney cells.37 Their discovery was 

quickly followed by the adaptation of measles virus to growth in a variety of cells in 

vitro, which permitted the detailed analysis of virus structure and replication and led 

directly to the development of effective vaccines.33, 38 

2.2 CLASSIFICATION 

Measles virus belongs to the family Paramyxoviridae, so called because they have 

an affinity for mucous membranes, in Greek, myxa means mucus.3,39 The 

Paramyxoviridae family is sub classified in to two subfamilies Paramyxovirinae and 

Pneumovirinae, each having few genus (Table 2.1). The measles virus belongs to the 

genus of Morbilli virus, other members of the genus are canine distemper virus, 

affecting dogs and a variety of other mammalian carnivores, rinderpest virus, 
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affecting domestic cattle, swine and most wild Artiodactyla, peste des petits 

ruminants virus affecting sheep and goats, phocine distemper virus causing epizootic 

disease in seals, and Cetacean distemper viruses (porpoise and dolphin viruses) 

causing epizootic disease in porpoises and dolphins, respectively.39,40 Figure 2.1 

shows genetic relationship of viruses belonging to morbilli genus, based on the 

comparison of nucleoprotein gene41. 

Figure 2.1 

 

 

 

 

 

 

 

Morbilliviruses are distinct from other paramyxoviruses in that they do not have any 

detectable neuraminidase activity and they interact with cellular receptors that are 

insensitive to neuraminidase treatment. In addition, the formation of intranuclear 

inclusion bodies is a distinctive feature of their cyto pathology3. 

2.3  VIRUS 

Measles virions are pleomorphic, generally spherical, enveloped particles measuring 

120 - 250 nm in diameter and morphologically indistinguishable from the virions of 

other paramyxoviruses. The virus has a non segmented, negative sense RNA 

genome with a linear arrangement of genes that are separated by an intergenic 
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trinucleotide, GAA. The measles virus genome is 15,894 nucleotides in length and 

contains six structural genes organized on the single strand of RNA in a gene order 

consistent with most of the paramyxoviruses, i.e., 3’-N,P,M,F,H,L-5’ (Figure 2.2). 

The genome codes for at least six structural proteins, nucleoprotein (N), 

Phosphoprotein (P), Matrix (M), Fusion (F), hemagglutinin (H) and Large protein 

(L) and two non structural proteins, C and V.3,39, 42   

Figure 2.2 

 

 

 

 

 

 

 

Among the six structural proteins, three of which form the viral envelope and three 

the ribonucleoprotein core. The nucleoprotein is the major component of the 

ribonucleoprotein core, the other two parts being the large protein and the 

phosphoprotein. The large protein contains the enzyme RNA polymerase, which 

catalyses the transcription and replication of the nucleocapsid template. The 

envelope is made up of a matrix protein, a haemagglutinin protein, and a fusion 

protein. Initial attachment of measles virus to the host cell is mediated by the 

haemagglutinin protein. After attachment, the fusion and haemagglutinin proteins 

mediate entry into the host cell.42   
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Measles virus is inactivated by lipid solvents (ether, acetone and detergents), 

proteolytic enzymes, drying and lose the infectivity at pH below 4.5. It is also 

thermolabile; its half life at 370C is about 2 hour and completely inactivated in 30 

minutes at 560C3. Humans are the only natural host for measles virus. Nonhuman 

primates can be infected experimentally or naturally with wild type strains of 

measles virus and macaques have been studied extensively as models of measles 

pathogenesis to analyze virus virulence and for the evaluation of vaccines.39, 43 

2.4 TRANSMISSION 

The principal mode of transmission is via large droplets of infected respiratory                           

tract secretions inhaled as a consequence of face to face exposure to individuals who 

cough and sneeze during the catarrhal stage. The virus may survive for several hours 

in aerosolized droplet nuclei and airborne transmission appears to be important in 

certain settings, including schools, hospitals and enclosed public gathering places.3 

Two receptors have been identified on the surface of measles virus susceptible cells. 

CD46 (membrane cofactor protein) is a regulator of complement activity present on 

most cell types but not in red blood cells. It promotes entry of vaccine and certain 

wild type viruses 44. A second receptor is human signaling lymphocytic activation 

molecule [SLAM] or CD150. Human SLAM is a membrane glycoprotein selectively 

expressed on the cells of the immune system (immature thymocytes, activated 

lymphocytes, activated monocytes and mature dendritic cells).45 Not only measles, 

all morbilliviruses use SLAM as its receptor.46 In 2001, Ono et al have reported that 

throat swabs from patients with measles produced numerous plaques on SLAM 

expressing Vero cells, but none on Vero cells, indicating that measles viruses from 

throat swabs of measles patients use SLAM, but not CD46, as a cellular receptor.47   
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2.5 PATHOGENESIS 

After infection, the measles virus invades the respiratory epithelium of the 

nasopharynx and spreads to the regional lymph nodes. After 2-3 days of replication 

in these sites, a primary viraemia widens the infection to the reticuloendothelial 

system. Following further replication, a secondary viraemia occurs 5 – 7 days after 

infection and lasts 4 – 7 days. The viraemia peaks 11 – 14 days after infection and 

then declines rapidly over a few days. Infection of the respiratory tract gives rise to 

the characteristic cough and coryza and the less frequent complications of croup, 

bronchiolitis and pneumonia. Generalised damage to the respiratory tract causes loss 

of cilia and predisposes to secondary bacterial infections, such as pneumonia and 

otitis media. Immune reactions to the virus in the endothelial cells of dermal 

capillaries cause the measles rash and the measles enanthem (Koplik’s spots), while 

interaction between virus infected cells and local cellular immune factors is thought 

to be involved in encephalitis.3 

2.6 IMMUNE RESPONSE 

The rash clearly marks the onset of immune responses as determined by the 

appearance of virus specific T cells and antiviral antibodies. Initial immunoglobulins 

produced are IgM and IgA, followed later by IgG (mainly IgG1 and IgG4). Plasma 

IgE levels also rise, but there is no evidence that the IgE contains measles virus 

specific antibody. The IgM antibodies are short lived, whereas IgG antibodies persist 

long term, probably throughout life. IgA antibodies can be detected in as many as 

25% of people with no evidence of recent infection. Antibodies to the N protein 

develop first and to the highest levels, followed by antibodies to H, F and M 

proteins.48 Both CD4 and CD8 T cells responsive to measles antigens are induced by 

infection. It seems that the early cellular response is associated with the production 

of cytokines suggestive of a type 1 response; where as the cellular response after 
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rash is associated with production of cytokines suggestive of a type 2 response.49  

Inactivated measles vaccines that were associated with atypical measles induced a 

delayed type hypersensitivity response to measles (suggestive of a type 1 T cell 

response) not seen with live virus infection and lower titers of antibody to the  

F protein50 (Figure 2.3). 

Figure 2.3: (Adapted from WHO Manual, 2006) 

 

 

 

 

 

 

 

 

2.7 CLINICAL DIAGNOSIS 

Measles is an illness characterized by generalized maculopapular rash lasting 3 or 

more days with a temperature of 38.3°C (101°F) or higher, and cough, coryza, or 

conjunctivitis (Figure 2.4). Clinically, the diagnosis of measles is supported if 

Koplik's spots are detected and if the rash progresses from the head to the trunk and 

out to the extremities.1,3 
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Figure 2.4: (adapted from WHO Manual, 2006) 

 

 

 

 

 

  

 

 

There are several clinical conditions that mimic measles infection;  

i) Enterovirus infections  

ii) Drug eruptions and other allergic rashes  

iii) Scarlet fever, which is characterized by an extremely fine punctate rash that 

is accentuated in skin folds that blanches on pressure, is accompanied by a 

more severe pharyngitis and by leukocytosis rather than the leucopenia 

typical of measles. 

iv) Meningococcemia (which may resemble measles when the rash is 

maculopapular and not yet petechial but which lacks the characteristic 

distribution). 

v) Roseola infantum, which is caused by human herpesvirus 6 (which occurs 

most often in children younger than 3 years and almost never in adults. Rash 
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develops as the temperature falls to normal and rash usually appears first on 

the trunk). 

vi) Erythema infectiosum, which is caused by parvovirus B-19 and presents with 

characteristic bright red “slapped cheek” erythema usually without high fever 

or a catarrhal prodrome. 

vii) Dengue, which is a febrile illness with rash that frequently meets the measles 

clinical case definition.  

Other infections that may cause maculopapular rashes resembling measles include 

toxic shock syndrome, infectious mononucleosis caused by Epstein – Barr virus, 

toxoplasmosis and Kawasaki’s disease.1,3 

2.8 COMPLICATIONS 

Measles is often an unpleasant mild or moderately severe illness. Approximately 

30% of reported measles cases have one or more complications. Complications of 

measles are more common among children less than 5 years and adults over 20 years 

of age.5  The complications may be acute or develop later.  

2.8.1 Acute Complications 

The acute complications include diarrhoea, pneumonia, croup, laryngo-

tracheobronchitis, otitis media, malnutrition, corneal ulceration, blindness, stomatitis 

and acute encephalitis. The case fatality rates in developing countries are normally 

estimated to be 3-5%, but may reach 10-30% in some situations. This compares with 

0.1% in many industrialised countries5,51. Three complications namely pneumonia, 

diarrhoea and croup contribute to high case fatality rate. Higher rate of 

complications and death is associated with vitamin A deficiency status. Therefore, 
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World Health Organization recommends administration of 100, 000IU of vitamin A 

to all children under 11 months and 200, 000IU for children over 12 months.1,3 

In 1986, Pongrithsukda et al reported measles associated complications; diarrhoea 

(42.4%), Pnueomonia (30.5%), Otitis media (5.1%), convulsion (2.4%), croup 

(1.6%), encephalitis (0.7%) and sepsis (0.2%) were observed from measles cases in 

Thailand.52 In 1990, Han AM et al from Burma have reported that 8% of the total 

diarrhoal disease was due to measles and 32% of the measles cases were had chest 

pain.53 

In 1993, Ogaro FO et al reported that Vitamin A supplementation has reduced the 

development of Otitis Media.54 

In 1995, Komatsuda A et al have reported the Virus Associated Hemophagocytic 

Syndrome (VAHS) due to measles accompanied by acute respiratory failure. The 

authors concluded that if there are patients suffering from measles with cytopenia, 

VAHS should be considered and the complication improved by steroid pulse  

therapy.55 

In 1998, Seibold S et al have reported the rhabdomyolysis and acute renal failure in 

an adult with measles infection. The authors concluded that acute measles virus 

infection must be considered as a possible cause of rhabdomyolysis and acute renal 

failure in adults.56 

In 2000, Akramuzzaman SM et al have reported the complications of measles cases 

in Bangladesh; they found watery and bloody diarrhea, fast breathing and 

pneumonia among the measles cases.57 

In 2001, Vieth M et al have reported measles associated acute gastric infection. The 

case was 44 year old man referred for gastroscopy because of abdominal pain. The 
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endoscopy revealed inflammatory changes of the antrum and corpus mucosa and 

biopsy of the samples showed presence of measles antigen by anti measles 

immunochemistry.58 

In 2003, Takayama N et al have reported the comparative evaluation of clinical 

symptoms between adult and pediatrics measles inpatients. They concluded the 

symptoms were comparable between the groups or slightly severer in adult cases.59 

In 2004, Takebayashi K et al have presented a 16 year old female case with measles 

encephalitis who developed acute pancreatitis. The authors found that this rare 

complication responded to steroid therapy.60 

In 2006, Asefzadeh M et al have reported that the common complications were 

vomiting (45.5%), diarrhoea (42.4%) and pneumonia (21.2%) in the Islamic 

Republic of Iran.61 In 2006, Buccoliero G et al from south east Italy reported that 

complications were observed from 35.6% of the measles cases, of which pneumonia 

was observed in 19% of the cases and pancreatitis in 2 cases. Post encephalitis was 

diagnosed in 7 cases (9.5%). Measles related appendicitis was observed in 5 males 

(6.8%).62 The appendicitis was reported earlier also.63 

In 2007, Celebi G et al have reported the measles complications from 35 adult 

measles (age between 16 and 36); the authors observed fever (91.4%), cough 

(94.3%) and conjunctivitis (77.1%) were the common symptoms. Besides, 

lymphadenopathy (57.1%), hepatomegaly (5.7%), leucopenia (28.5%), elevated liver 

enzymes (37.2%), pneumonia (20%), otitis media (2.9%) and diarrhea (17.1%) and 

spontaneous abortion observed in one cases64. 

In 2006, Garly ML et al have analysed whether prophylactic antibiotic can prevent 

complications of measles. They found the age group that received prophylactic 

antibiotics had less pneumonia and conjunctivitis and had significant higher weight 
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gains in the month after inclusion.65 In 2008, Kabra SK et al have reviewed 

Cochrane Central Register of Controlled Trials and revealed that antibiotic treatment 

is beneficial in preventing complications such as pneumonia, purulent otitis media 

and tonsillitis in children with measles. However, it is not possible to give definitive 

guidelines on the type of antibiotic, duration, or the day of initiation. Use of 

penicillin or co-trimoxazole may be considered.66  

Central nervous system complication 

In 1980, Hanninen P et al have reported the involvement of central nervous system 

in acute, uncomplicated measles virus infection. This was reported based on the 

evaluation of fifty nine acute, uncomplicated measles cases.67 

Cardiovascular complications: Electrocardiography evidence of myocarditis and 

pericarditis including prolongation of the P-R interval, ST segment abnormalities, 

and T wave inversions can be detected in 15 to 30% of children and adults during 

the acute phase of measles. These abnormalities may be associated with measles 

virus infection of vascular endothelial cells, but they are transient and rarely result in 

symptomatic disease. Prolongation of the Q-T interval may also be observed, 

presumably related to the transient hypocalcemia that occurs during the acute phase 

of measles.68-70 

2.8.2 Late Complications 

2.8.2.a. Acute Post infectious Measles Encephalomyelitis (Acute Disseminated 

encephalomyelitis) 

Acute postinfectious measles encephalomyelitis (acute disseminated 

encephalomyelitis) is the most common neurologic complication of measles. It is 



 24

rare in children younger than two years but occurs in about 1 in 1,000 cases of 

measles in older children and somewhat more frequently in adults.71 

In 2004, Freeman AF et al have reported measles inclusion body encephalitis 

(MIBE) from an individual, who underwent stem cell transplantation.72 

2.8.2.b. Subacute sclerosing panencephalitis (SSPE) 

Subacute sclerosing panencephalitis (SSPE) is a progressive fatal disease of the 

central nervous system that is caused by a persistent measles virus infection. In 1997, 

Belgamwar RB et al have reported a 15 year old case in India who developed SSPE 

presumably as a result of a delayed effect of MMR vaccine.73 In contrast, in 1999, 

Vardas E et al have reported the detection of wild type (wt) measles virus (Genotype 

D3) from a case of SSPE in South Africa.74 In 2003, Barrero PR et al have reported 

the detection of wt measles virus (genotype D6) from a SSPE case in Argentina.75 In 

2005, Bellini WJ et al have reported the detection of indigenous wild type virus 

(Genotype D3) from the brain tissue of SSPE cases in USA and concluded that 

incidence rate of SSPE is higher in prevaccine era than the post vaccination era.76  In 

2008, Vaidya SR et al77 and Mahadevan A78 et al from India have reported the 

detection of wild type measles virus (genotype D7) from the brain tissue of SSPE 

case, these findings clearly demonstrated that SSPE are developed due to the 

prolonged multiplication of wild type viruses and not due to vaccine viruses. In 2006, 

Simmonds MK et al have reported that measles viral load may reflect SSPE disease 

progression.79 

In 2006, Jin K et al reported case investigations of adult measles encephalitis. A 34 

year male developed comatous state after measles eruptions and ultimately akinetic 

mutism. Titers of measles IgM was elevated in serum and CSF.80  
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Indian Scenario 

From India several reports are available on measles outbreaks associated with 

complications and SSPE.    

In 1989, Narain JP et al have reported the complications due measles in an 

unvaccinated population in Uttar Pradesh, India; 82% of the cases were affected by 

diarrhea, dysentery and pneumonia and 5.7% case fatality rate was observed.81 In 

1994, Deivanayagam N et al from Chennai, south India, observed that 53.6% of the 

measles cases suffered from diarrhoea and 71.8% developed pneumonia. The overall 

case fatality rate was 4.2%.82 In 2003, Desai VK et al have reported that, 51.6% of 

the cases from an outbreak (reported from Surat, Gujarat), suffered from diarrhoea, 

39.3% of the cases from Pneumonia and weight loss / weakness were observed in 

8.9% of the cases.83 In 2005, Singh MP from Chandigarh et al have evaluated the 

relationship between viral infections and Otosclerosis. The authors have detected 

measles and Varicella Zoster specific IgM antibodies from 18.1% and 4.5% of the 

cases, respectively. However, the percentage between the study and control group 

were not statistically significant.84 In 2005, Mishra B et al from Chandigarh have 

evaluated the viral etiology for sudden deafness; they found 21.8% of sudden 

deafness was due to infection of different viruses and measles responsible for 12.5% 

of the cases.85 In 2008, Mishra A et al have investigated a measles outbreak in 

Shivpuri, Madhya Pradesh and found routine vitamin A supplementation and 

measles vaccination reduce the chances of measles related complications.86  

In 1990, Saha V et al have presented incidence of SSPE in south India during 1983-

1987. The annual incidence of SSPE was calculated to be 2.14 per million 

population, or 4.3 cases per million children below 20 years.87  
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In 2004, Sarkar N et al describes an eleven-year-old boy with atypical features of 

subacute sclerosing panencephalitis (SSPE), a rare complication of measles. He had 

only visual symptoms for 2 months followed by rapid neurological worsening to a 

vegetative state in 10 days. The diagnosis was made based on the history of measles, 

characteristic ocular findings, compatible magnetic resonance imaging and 

electroencephalographic changes, and elevated ratio of cerebrospinal fluid to serum 

anti-measles antibody titers.88 

In 2005, Mishra B et al have reported the change of trend of SSPE during Jan'92 to 

Dec. 2001 in Chandigarh, India. The authors have concluded that the numbers of 

SSPE cases were found to be more during the period 1992-95 in comparison to the 

next 6 years. They attributed the higher incidence of SSPE in India due to improper 

vaccine coverage, poor cold chain maintenance or circulation of atypical measles 

virus strain.89 

In 2006, Prashanth LK et al presented Clinical and laboratory characteristics of 39 

patients with onset subacute sclerosing panencephalitis (SSPE), from south India. 

Diagnosis was based on clinical and electroencephalographic findings and raised 

anti measles antibody titers in CSF. Referral diagnosis was accurate in only 12 

patients. SSPE in adults poses diagnostic challenges for clinicians. A high index of 

suspicion and appropriate investigations are necessary for early diagnosis and 

counseling.90 

In 2008, Karamarkar SA et al have reported the etiological profile of patients with 

acute febrile encephalopathy syndrome from New Delhi, India. The hospital based 

study found 37.3% of the cases was due to viral etiology, of which 7% was due to 

measles.91 



 27

In 2009, Chowdhary J et al reported a seven year old male with measles associated 

acute disseminated encephalomyelitis (ADEM). The diagnosis was based on serum 

anti measles antibodies and MRI brain. The patient was managed with high dose 

corticosteroids along with supportive measures. There was a complete neurological 

recovery.92 

Wairagkar NS et al in their years of study between 1999 and 2001 have presented 

reports on measles associated with acute renal failure, encephalitis and neurological 

involments.93-95 In addition acute encephalopathy outbreaks have been documented 

from different parts of India and these were associated with high mortality.96 In 

2002, Adhikari KM and John TJ had commented that the reported information is 

incompleteness and required more epidemiological report before we accept that 

measles virus was the cause of the neurological disease without rash.97-98  

2.9 MEASLES CASES / OUTBREAKS 

Measles cases usually occur as sporadic or outbreaks. The term “outbreak” is 

generally used when the number of cases observed is greater that the number 

normally expected in the same geographic area for the same period of time. The 

definition of an “outbreak” will vary according to the phase of measles control. For 

instance, a single case may mark an outbreak in a country aiming at elimination.99  

Measles was declared eliminated from the United States in 2000; still sporadic cases 

and small outbreaks are reported due to importation.100-104 In Amornkul PN et al 

have reported that low risk of measles transmission after exposure on an 

international Airline flight105. In contrast, in 2006, Rota JS et al have documented 

the risk of measles transmission in airport106. 

Prior to introduction of routine measles immunization, measles epidemics occurred 

cyclically. The interval between the epidemics is shorter in populations with high 
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birth rates. In small isolated populations, measles dies out between epidemics and 

new susceptibles accumulate until the virus is reintroduced from outside. In general, 

everyone was infected before the age of 18 years 2, 24, 107. 

 In urban areas of Africa, epidemics occurred every 1- 2 years. Rural areas of Africa 

experienced sporadic localized outbreaks with intermittent spread to adjoining 

regions.108 In urban areas of USA and Europe measles epidemics used to occur 

every 2 – 3 years.109  

While Measles outbreaks still occurred in countries with high immunization 

coverage, it mostly occurred in unimmunised population and/or in low vaccination 

coverage area.110 In 2008, Zamir CS et al have reported measles outbreak in an 

unimmunised (96% of the cases) ultra orthodox Jewish community in Jerusalem, 

Israel.111 This kind of outbreaks in unimmunized population was reported from other 

European countries also.112-116 In 2007, Switzerland and United Kingdom have 

reported measles incidence of 14.30 and 1.67 per 100,000 inhabitants, respectively 

among the 32 EUVAC.NET participating laboratories.117  In 2009, Wichmann O et 

al have determined the morbidity and costs related to large measles outbreaks in 

Germany. The authors concluded that accumulation of non immune population was 

responsible for the outbreaks and suggested nationwide school based catch up 

vaccination campaigns targeting older age group are needed to close critical 

immunity cap.118 In 2009, Muscat M et al have reviewed the measles epidemiology 

in Europe and interpreted that suboptimum vaccination coverage raises serious 

doubt that the goal of elimination by 2010 can be attained.119 

In the recent years increased measles incidence observed in England and Wales and 

selected area of London, due to decrease in number of MMR vaccination 

coverage.120, 121  



 29

Due to the increased immunization coverage worldwide, age shift was observed; in 

2002, Davidson N et al have reported measles outbreak among young adults, aged 

between 20 and 33 years in Victoria, Australia122. This kind of adult measles cases 

were reported from Europe also; in 2007, Celebi G et al have evaluated adult 

measles (aged 16 and 36) cases in a measles outbreak.64 

 In 2003, Jha N123 and Puvimanasinghe JPA124 et al have reported measles outbreak 

in Nepal and Sri Lanka, respectively in a highly vaccinated population. 

In 2007, Esteghamati A et al have reported about the progress of measles and rubella 

elimination in Iran. In 2002, Iran has developed a comprehensive strategy and 

implemented; as a result the incidence rate reduced to <1 case per 1,000,000.125 

In 2007, Sasaki A et al have studied the role of sporting events in the spread of 

measles outbreak in Niigata, Japan. The authors have concluded that sporting events, 

even if outdoors might be risk factors for measles infections126. 

In 2007, Fetuga MB et al have reported burden and epidemiological aspects of 

measles cases admitted in a Nigerian teaching hospital. During 1994 and April 2004, 

164 children aged 4 months to 12 years were admitted. 39.4% of the cases were <1 

year and half of them were younger than nine months.127  

In 2009, Wolfson LJ et al have reviewed the community based studies between 1980 

and 2008 reporting age specific measles Case fatality rates. The results of the search 

consistently document that measles CFRs are highest in unvaccinated children under 

the age of 5 years and lowest in vaccinated children regardless of settings.128 

In 2009, Hussain H et al have reported estimated incidence of measles in Karachi, 

Pakistan and determined the proportion of children with measles based on the WHO 

integrated management of childhood illness (IMCI) criteria. The authors have 
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concluded that IMCI case definition for measles is reasonable but may over estimate 

the incidence.129 

India scenario 

In 1980, John TJ et al have reported measles outbreaks in three villages of Vellore, 

Tamil Nadu; in the first village the attack rate was 26 percent, in second village, 14 

percent and third village 4 percent.130  

In 1993, Rishbud AR et al reported measles outbreak in two hamlets of vavar village 

in Thane, Maharastra. The authors observed that all the cases were under 10 years 

and 96% of them were under 6 years.131 In 1998, Singh J et al have described the 

epidemiology of measles in small town Alwar in India. The authors observed 6.3% 

annual incident and half of the cases were vaccinated.132 In 1999, Singh J et al have 

reported the measles outbreaks reported in many districts of Uttar Pradesh, India. 

The authors found lower level (70%) of immunization coverage was responsible for 

the outbreak.133  

In 2002, Thakur JS et al reported measles outbreak in a periurban area of 

Chandigarh. 48.8% of the total cases were immunized and the authors have insisted 

the need to improve vaccination coverage to achieve measles elimination status134. 

In 2002, Bharti B et al have reported the measles outbreaks in a village in Himachal 

Pradesh. The authors have estimated vaccine efficacy was 51% and concluded the 

need to improve the vaccination coverage.135 In 2004, John TJ el have reported 

communicable disease monitoring system established in Kottayam, Kerala, South 

India. Through the system it was observed that measles cases were reported all the 

months between July 1999 and June 2000.136 

In 2005, Ratho RK et al have reported measles outbreaks in migrant population in 

periurban area of Panchkula, Haryana in India.137  
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In 2006, Mohan A et al have reported a measles outbreak following Tsunami in 

Tamil Nadu. The authors found measles cases were reported in tsunami affected and 

unaffected villages with attack rate of 1.3 and 1.7 per 1,000, respectively.138 

In 2008 Mishra A et al have analysed an outbreak reported in Shivpuri India; attack 

rate was 6.7% and complications 17.8% (diarrhoea, Pneumonia and ear infection).86 

In 2008, Kumar RS et al have reported epidemiological studies on measles outbreaks 

reported from bordering districts of West Bangal, India.139 

2.10 OUTBREAK DETECTION AND CONFIRMATION 

In the absence of an effective surveillance system it may be difficult to detect small 

or limited outbreaks. However, large outbreaks may be detected by the existence of 

large numbers of cases, health clinic attendances, admissions to hospital, deaths or 

media reports. When an outbreak is suspected it is recommended that a preliminary 

case investigation including laboratory confirmation is carried out to confirm the 

diagnosis, assess the extent of the outbreak and identify the population at risk.5,6,99  

Laboratory diagnosis 

Measles can be diagnosed by various serological methods; detection of specific IgM 

antibodies by ELISA, demonstration of raising of neutralizing antibodies between 

the paired sera by HI or PRNT and detection of low avidity antibodies. However 

measles virus can be also be detected from various clinical samples by using cell culture 

techniques or molecular techniques. It is recommended that measles be diagnosed using 

serological methods which measure virus-specific antibody in single or paired sera. 

Assays based on detection of the measles virus are not suitable as diagnostic tests 

but are useful for detection of virus or genome for molecular epidemiological 

studies3. 



 32

Final Case Classification based on Laboratory confirmation3 

 Clinically confirmed: A case that meets the WHO standard clinical case 

definition 

 Laboratory confirmed: A case that meets the clinical case definition and that is 

laboratory-confirmed by any of the method.  

 Epidemiologically confirmed: A case that meets standard clinical definition and 

linked epidemiologically to laboratory confirmed case. 

 Discarded case (not measles): A suspected measles case that has been 

completely investigated, including the collection of an adequate blood specimen, 

and lacks serological evidence of measles virus infection can be classified as 

discarded. 

Laboratory confirmation 

2.10.1 Cytological diagnosis 

Direct detection of measles giant cells in respiratory secretions or urine or accessible 

epithelial surfaces such as the pharynx, nasal mucosa, buccal mucosa, or in tissue 

obtained by biopsy provides a rapid and practical means of diagnosis. These samples 

can be stained with hematoxylin or eosin as per the standard methods. Characteristic 

multinucleated giant cells containing eosinophilic intranuclear and intracytoplasmic 

inclusion bodies are ordinarily present during the prodrome and for the first 2 or 3 

days of the rash.140-143 

2.10.2 Serologic diagnosis 

Serology has been the mainstay of the laboratory diagnosis of measles by the 

detection of measles virus specific IgM or a four fold or greater increase of measles 
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specific antibody titer between acute and convalescent phase sera or low avidity IgG 

antibody in a single serum or saliva is considered diagnostic of acute measles virus 

infection.1,3  

Detection of specific IgM antibodies  

Assays that detect IgM antibodies are Radio Immuno Assay (RIA), ELISA.144 RIAs 

are reliable but have the disadvantage of requiring adequate facilities to store, use 

and dispose of radioactive material. The ELISA method has good sensitivity and 

specificity and it is easy to adopt in tertiary settings. Therefore, it has been adopted 

for routine laboratory diagnosis.1,3,145,146,147 Antigens for the ELISAs would be based 

on whole virus infected processed cell culture fluids and recombinant protein.148–151 

The ELISA format may be either by IgM capture or indirect method.152-154  

The indirect format requires the removal of IgG antibodies and rheumatoid factor to 

reduce both false positive and false negative results.152 In general, capture format 

assays is considered more sensitive and specific than indirect format. Timing in 

blood sample collection plays an important role in sensitivity of the diagnosis; it is 

ideal to collect the blood samples between 4 and 28 days after the onset of rash.1,155 

Several IgM ELISA kits are commercially available,156-158 however WHO 

recommends the use of validated assays for measles surveillance.1,3 In 1992, Ozanne 

G et al have evaluated the performance and reliability of Enzygnost ELISA kit for 

detection of measles specific IgM antibody during a large measles outbreak159. In 

2009, Hyde TB et al have reported complications involved in interpreting laboratory 

tests of measles IgM for confirmation of infection during a measles outbreak in a 

highly vaccinated population after conducting a mass immunization campaign.160 
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Demonstration of raising titers 

Serologic assays that detect IgG antibodies include Hemagglutination inhibition (HI), 

Radio Immuno Assays (RIA), Plaque Reduction Neutralization Test (PRNT) and 

Micro Neutralization Test (MNT); these methods have the disadvantage of requiring 

acute and convalescent phase specimens to measure a rise in IgG antibodies. In 

addition to that, the first sample should be collected with in 10 days after the onset 

of rash and second sample between 10 and 30 days after the first sample collection. 

The PRN and MN test require sophisticated tissue culture laboratory which is 

expensive and not widely available. HI requires monkey erythrocytes and 

pretreatment of serum samples.3,146 

♦ Alternative sampling 

Though the liquid serum sample is proved to be ideal samples for serological studies, 

it has its own limitations, for collection and storage. Two alternative methods appear 

promising for both serological and molecular surveillance.11, 146 

 Detection of IgM antibody from dried blood spots 

Collection of blood samples on filter paper and subsequent laboratory analysis has 

proved good alternative for blood sample collection for many viral investigations. 

Filter paper blood spots have the advantage of ease of sample collection by heel- or 

finger prick which requires less medical training and is usually more acceptable for 

both parents and infants than vein puncture. In addition, dried blood spots can be 

transported to the laboratory in room temperature, thus reducing the cost of the 

transportation. The sensitivity and specificity of this method is almost equal to that 

of IgM detection from serum samples. Several researchers have reported usefulness 

of filter paper method.154,161-167 
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 Detection of IgM antibodies in Oral fluid  

Collection of oral fluid samples for measles surveillance has two major advantages; 

this method is non-invasive and avoids handling of blood with the associated safety 

and waste disposal problems.146,164 Crevicular fluid exudes from the interface 

between the gums and teeth contain low levels of IgM. Commercial devices are 

available, to collect oral fluids. The swabs are designed to be used like a toothbrush 

and should be rubbed along the gum until the swab is thoroughly wet, which usually 

takes one minute. The collected samples can be transported to the laboratory at room 

temperature. The oral fluid can be extracted from the collection device by simple 

laboratory procedures. The collected fluid can readily be used for detection of IgM 

antibody. In England, collection of Oral fluid is the method of choice for measles, 

mumps and rubella surveillance.144, 168, 169 

2.10.3 Virus Isolation 

Although measles virus isolation is definitive method for the confirmation of 

measles, it is rarely useful for routine diagnosis. It requires early collection of 

clinical samples, sophisticated tissue culture laboratory and is less sensitive. 

However, obtaining few isolates from an outbreak will be useful for molecular 

epidemiologic purposes.3,146 

2.10.4 Direct detection of measles virus by RT-PCR 

PCR method is a highly sensitive and specific method for the detection of specific 

nucleic acids. The sensitivity is influenced by certain factors. In 1996, Jin L et al 

have reported the dual target PCR for direct detection of measles virus genome from 

clinical samples. They have found the primer targeting “Matrix protein” has high 

sensitivity as against targeting Nucleoprotein gene170. In 2003, Afzal et al have 

reported a comparative study on evaluation of RT-PCR methods for the detection of 
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measles genome. The authors found that the sensitivity could differ by as much as 

1,000 fold.171 PCR has an advantage over virus isolation as measles specific RNA 

can be detected from many of the clinical samples such as urine, throat swab, nasal 

aspirates, oral fluid, PBMC, serum and brain biopsy.145,154,172–173 The final PCR 

products can directly be used for genomic sequencing. The disadvantages of the 

method is that it  requires sophisticated PCR lab set up  and possibilities of  false 

positive and/or negative. In 2001, Riddell MA et al have reported about optimal 

specimen type and timing for sample collection for the detection of measles virus 

RNA by PCR. The authors concluded that throat swab is the preferred specimen for 

the detection of measles virus RNA by RT-PCR and collection of multiple 

specimens does not enhance the recovery rate sufficiently to justify this as routine 

practice.174 

♦ Direct detection of measles virus genome from blood samples dried on filter 

paper 

Studies reported during the late 1990’s have demonstrated that filter paper blood 

samples may also be suitable for RT-PCR analyses to diagnose certain viruses.175 In 

2001, Swart RLD et al demonstrated the combined detection of measles specific 

RNA and IgM from filter spot. The authors further identified that combination of 

IgM and RT-PCR assays are most sensitive than solely by IgM detection or RT-PCR 

for the diagnosis of measles cases.154 In 2004, Mubarak et al reported surveillance of 

measles in Sudan using filter paper blood samples. The study has again found  

the usefulness of filter paper for IgM ELISA and RT-PCR assays under field  

conditions.164 
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♦ Direct detection of measles virus genome from oral fluid by RT-PCR 

Oral fluid sample is good source for viral RNA that can be detected by RT-PCR 

assays. In England, IgM detection by ELISA and specific RNA detection by RT-

PCR followed by sequencing is the method of choice for laboratory surveillance for 

measles as well as for rubella and mumps.176 The great advantages of this method 

are non invasiveness of collection technique, transport of sample at room 

temperature, single sample serves both serological confirmation and molecular 

surveillance.145,172, 173  

In 2005, Chibo D et al reported the detection of measles virus genome from oral 

fluids collected on filter paper. The study found that 67% of oral fluids collected on 

filter paper was positive by PCR, as against 82% from wet oral fluids. Further it 

revealed, the viral genome is stable if stored at room temperature or 370C for 1 

week.177 

♦ Detection of measles virus genome by Loop Mediated Isothermal 

Amplification (LAMP) 

In 2005, Fujino M et al reported the development Loop Mediated Isothermal 

Amplification, a new molecular technique for rapid and sensitive detection of 

measles viruses. The researcher have designed primer on N gene and found that it 

has higher sensitivity than conventional PCR. The method has one more advantage 

also that the LAMP product can subsequently be used for genotyping. The authors 

have concluded that this method is very useful rapid diagnostic method for the 

detection of measles virus.178 
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♦ Real time RT-PCR 

The conventional RT-PCR plays an important role in measles diagnosis and 

surveillance. The recent development of real time PCR technology offer 

improvements over existing conventional PCR methods including assay sensitivity, 

elimination of post PCR processing and the provision of quantitative analysis. In 

recent years, few researchers have reported the development of real time PCR for 

measles.145,179,180 In 2006, Hummel KB et al have reported the evaluation of three 

target regions (nucleoprotein, Haemagglutinin and Fusion Protein) for the sensitive 

detection of measles virus genome. They concluded “N” target region has detected 

specific genome from all the measles cases that were tested.181  

♦ Multiplex PCR for the detection measles and rubella 

In 2008, Hübschen JM et al have reported a multiplex Taq Man PCR for 

simultaneous rapid detection of measles and rubella genome. The PCR product can 

be directly used for sequencing.182 

2.11 EPIDEMIOLOGY 

Measles occurs worldwide in distinct seasonal patterns. In temperate climates, 

outbreaks generally occur in late winter and early spring183. In tropical climates, 

transmission appears to increase after the rainy season. In areas where widespread 

immunization has curtailed indigenous transmission, the temporal distribution of 

cases is determined by introductions of measles virus from outside the country and 

outbreaks may occur at any time of year.5 

In developing countries with low vaccination coverage, epidemics often occur every 

two to three years and usually last between two and three months, although their 

duration varies according to population size, crowding, and the population’s immune 
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status. In the absence of measles vaccination, virtually all children will have been 

infected with measles by the time they are 10 years old. In small, isolated 

populations, measles dies out between epidemics and susceptibles accumulate until a 

new infectious individual enters the area, when an explosive outbreak may occur. 

An outbreak in the Faroe Islands followed 65 years after the epidemic of 1781, 

affecting all age groups born since the previous epidemic30. Countries with relatively 

high vaccination coverage levels usually have five to seven year periods when case 

numbers remain small. However, if the number of susceptible persons becomes large 

enough to sustain widespread transmission, explosive outbreaks may occur. In 

general, the larger the size of the community, shorter is the interval between 

epidemics.5, 7, 184 

Measles vaccination programs have had a marked effect on the incidence of the 

disease, and the complications associated with it; age shift of the cases has also been 

observed.64,122  In the communities with low measles vaccine coverage, the incidence 

of disease is very high, mostly affecting children below 5 year of age. As vaccine 

coverage increases, the incidence of measles in young children comes down and 

occurs mostly in children of school going age group (Figure 2.5). After prolonged 

periods of high vaccine coverage in developed countries, measles transmission now 

occurs mainly in people that have never been vaccinated and in older children who 

did not seroconvert following vaccination. Measles outbreaks can still occur in 

countries with high immunization coverage. The occurrence of a measles outbreak 

in a highly immunized population could be due to various reasons. Therefore, 

investigation of outbreaks provides an opportunity to identify high-risk groups, 

changes in measles epidemiology, weaknesses in the routine immunization 

programme or in the management of measles cases.184  
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2.12 MOLECULAR EPIDEMIOLOGY 

Molecular characterization/genotyping of circulating measles viruses is an important 

component for measles surveillance programme. Molecular epidemiological studies 

along with standard case investigation and reporting provide the necessary tools to 

monitor measles virus circulation and gauge the success of vaccination Programs.185   

2.12.1 Strain Variations among Wild Type Measles Viruses: 

Antigenic variation 

Cross neutralization studies using vaccine viruses and representative wild type 

viruses indicated that sera from recently infected individuals neutralize the current 

wild type viruses four to eight times better than by vaccine strain. Serum specimens 

obtained from vaccinated persons living outside measles virus endemic areas 

neutralized the vaccine and wild type strains to essentially the same degree. One 

interpretation of these data is that while the vaccine and wild type viruses share 

common epitopes, the wild type must have at least one unique or sufficiently 

modified region on the H protein that is perhaps more immuno dominant than that 

present on the vaccine strain. This argument is supported by reactivity patterns of H 

protein specific monoclonal antibodies that recognize unique epitopes on either 

recent wild type or vaccine viruses.186 

Genetic variations 

The observation that measles virus varied in their ability to bind to monoclonal 

antibodies indicate the existence of genetic variation in this monotypic virus. In 

1989, Cattaneo et al revealed that there were strain specific changes in nucleotide 

sequence besides those that were associated with prolonged brain infections by the 

virus. This study indicated for the first time that changes in the COOH terminal 126 
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amino acid residues of the N gene and areas in the P and H genes did not affect the 

functionality of the proteins but reflected strain variation.187 

Comparison of the sequences published before 1989 indicated that the region of the 

genome between the open reading frames (ORF) encoding the M and F proteins is 

GC rich and varies substantially in related strains.7,188-190 However, this region is 

presumed to be noncoding, it is less interesting to study and the difficulties 

encountered in sequencing this region, which has strong secondary structure 

determinants, has led researchers to concentrate on other parts of the genome. 

Comparison and alignments of the major structural proteins of paramyxo and 

morbilliviruses has revealed that the regions encoding the COOH-terminal part  

of the N protein and the NH2 – terminal 100 amino acids of the P and C  

proteins 7,191, 192 are variable parts of the genomes of this group of viruses. A 

somewhat lower degree of variation was found in the H proteins. The H and N 

protein coding sequences have been analysed in great detail, primarily because these 

two proteins elicit strong humoral immune responses and the N protein may be 

involved in the generation of T cell mediated immunity. 

The nucleotide sequences of the L, M, and F genes 193, 194 are much less variable 

than the sequences of the N, P, and H genes, which have 7%–10% variability.195–197 

The N and H gene sequences are most commonly used for genetic characterization 

of wild-type viruses. In particular, one of the most variable parts of the measles 

genome is the 450-nucleotide region, which codes for the COOH terminal 150 

amino acids the N protein, where nucleotide variability can approach 12% between 

wild-type viruses.185   

Recently in 2007, Santak M et al have analysed four genotype D6 viruses; they 

reported a long untranslated region between M and F genes as the most variable 

region of the MV genome and detected the presence of unique residues on the level 
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of the entire genome as a new important parameter in the investigation of molecular 

evolution of Measles viruses.198 Since 1998, an uniform nomenclature or analysis 

protocol to describe the genetic characteristics of wild-type measles viruses is 

developed. In 1998, the WHO made recommendations for a standard nomenclature 

for naming strains, describing genotypes, and conducting sequence analysis. WHO 

recommends that the 450 nucleotides coding for the COOH-terminal 150 amino 

acids of N are the minimum amount of sequence data required for genotyping a 

measles virus isolate or clinical specimen. Complete H gene sequences should be 

obtained from representative strains or if a new genotype is suspected.  

Phylogenetic analysis of the H gene sequences provides additional support for  

the genotype assignment while monitoring amino acid substitutions that could  

affect antigenicity.185 These recommendations have been updated periodically since 

1998.8 -10,199-203 This standardization has allowed for more efficient communication 

between the laboratories conducting molecular characterization of wild type strains 

and provided epidemiologists and public Health officials with a consistent 

nomenclature to describe case, outbreaks and epidemics.204  

♦ Naming of strains 

The strain names provide information that is essential for interpretation of the 

molecular data. Since sequence data may be derived from viruses isolated in cell 

culture or from RNA extracted directly from clinical material, strains or sequences 

will be designated as either: MVi: Measles virus isolate in cell culture Or MVs: 

Measles virus sequence derived from RNA extracted from clinical material.185 
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♦ Other data to be included in the strain/sequence are: 

 City or state/province where the case was diagnosed 

 Country, use WHO 3 letter designation (required) 

 Date of specimen collection by epidemic week (1-52) and year 

 Isolate number if more than 1 per epidemic week in same location 

 Genotype 

 Special designation for sequences derived from measles inclusion body 

encephalitis (MIBE) or subacute sclerosing panencephalitis (SSPE) cases. 

 Eg: MVi/New york.USA/3.98/2 [D2]; MVs/London.UNK/17.97 [G3] SSPE. 

♦ Sequence analysis and genotyping 

 The minimum sequence data required to assign a virus to a genotype are the 

450 nucleotides encoding the Carboxyl terminus of the N protein and the 

entire sequence of the coding region of the H gene should be obtained from 

representative isolates.  

 New genotypes designated if the nucleotide sequence differs from the closest 

reference sequence by more than 2.5% in N and 2.0% in H and additionally, 

phylogenetic analysis should produce similar tree topographies using at least 

two different analysis methods. 

WHO has assigned reference strains to all 23 genotypes, to be used for genetic 

analysis of wild type measles viruses. The reference strains were chosen to represent 

the earliest isolation of virus from each genotype. The sequence for genotype F, 

based on sequences obtained from 2 cases of SSPE, is being retained because it 

provides the only documentation of this genotype, which represents viruses that 

circulated in Madrid (Spain) in the mid – 1960s. However in the future, designation 

of new genotypes must be based on sequence information from viral isolates and not 

sequences obtained solely from clinical specimens. 
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The terms, clades and genotypes are used to describe the genetic characteristics of 

wild type measles viruses. For molecular epidemiological purposes, the genotype 

designations will be the operational taxonomic unit while the clades will be used to 

indicate the genetic relationship between the various genotypes. WHO currently 

recognizes eight clades, designated A, B, C, D, E, F, G and H and with in these 

clades there are 23 genotypes (A, B1 to B3, C1, C2, D1 to D10, E, F, G1 to G3 H1 

and H2). Some clades contain only one genotype and in such clades the genotype 

designation is the same as the clade name. Other clades, such as clade D contain 

multiple genotypes and are designated by using the clade letter (in uppercase) and 

genotype number (eg. D1, D2). For proposed genotypes, the lower case clade letter 

will be used until the genotype is recognized (eg d10). 

Several of the genotypes—B1, E, F, G1, D1—appears to be extinct or inactive since 

representatives of these genotypes have not been isolated for at least 15 years. 

However, the sequences of the inactive genotypes are maintained in the set of WHO 

reference sequences for completeness.8-10, 199-204  

♦ Designation of new genotypes 

Before a new genotype is proposed the following molecular biological and 

epidemiological criteria should be met: 

 Sequence obtained for C terminus of N gene (450nt) and entire H gene 

should have divergence of 2.5% and 2%, respectively to the next closest 

reference strain and similar topologies should be produced when analyzing 

sequences of N and H gene using at least 2 different analysis protocols. The 

new genotype should be supported by bootstrap confidence levels of at least 

95%. 
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 New genotype is based on a series of viral isolates or specimens rather than a 

single sample. 

 New genotype is based on sequences obtained from at least 1 viral isolate 

and the new genotype has an available reference strain (earliest isolate for 

the genotype) 

 New genotype should be useful from an epidemiological standpoint. That is, 

new genotypes should increase our ability to identify the source of infection 

or trace transmission pathways. 

♦ Sequence data 

Information on circulating genotypes has been reported from almost every country 

with endemic or widespread measles. Genbank contains over 1500 partial N gene 

sequences with over 80% of these sequences reported since 2000.204 WHO 

maintains a database of genotype information that is reported from national and 

regional laboratories within Lab Network. Recently, it has become apparent that 

comparison of the sequence information is as important as having the genotype 

designation. Many genotypes contain multiple co-circulating lineages and 

assignment of a viral sequence to one of these lineages allows for more accurate 

mapping of transmission pathways. For this reason, rapid exchange of both genotype 

and sequence information on a global scale is critical. Databases that allow rapid 

exchange of sequence information are being developed by the Global Specialized 

Laboratories within LabNet.200, 204 

Gnaneshan S et al have reported the development of online global/WHO European 

regional measles nucleotide surveillance tool. The on line tool has 3604 measles 

nucleotide as of 17th march 2009.205        

(www.hpa-bioinformatics.org.uk/Measles/Public/Web_Front/main.php). 
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♦ Measles strain bank 

WHO measles strain bank has been developed at the Measles virus section, Centers 

for Disease Control and Prevention (CDC), Atlanta (United States) and at the 

Central public health laboratory (CPHL), London (United Kingdom) to acquire, 

analyze, store and dispense representative strains.185 

2.12.2 Methods for Genotyping 

Genomic sequencing is the “gold standard” for genotyping. In the early years the 

procedures were lengthy and involved cloning of desired gene into suitable vector 

and subsequent sequencing of the cloned vector and analysis. The development of 

sequencing method directly from PCR products makes it easier; now day’s genomic 

sequencing is based on direct sequencing of PCR products. 

Taylor MJ et al in 1991 have reported that the nucleotides (between 1231 and 1686) 

encoding the C-terminal of 151 amino acid residues of the nucleocapsid protein is 

highly divergent.206 

In 1995, Rima BK et al have reported by phylogenetic analysis of 65 measles strains 

eight different genotypes. The data show that the C-terminal coding sequence of the 

nucleocapsid gene, although highly variable between strains, is stable in a given 

strain and does not appear to diverge in tissue culture. It therefore provides a good 

'signature' sequence for specific genotypes.207  

Rota JS et al in 1996 have reported that the nucleotide sequences of either N or H 

gene of wild type measles viruses isolated in the United States between 1989 and 

1992 differed by <0.5%, suggesting these belonged to a single indigenous genotype. 

In contrast, wild type viruses isolated from sporadic measles outbreaks during 1994 

were genetically heterogeneous and these were closely related to strains circulating 
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in Europe, Africa and Japan and linked to importations or no known source. In 

addition to demonstrating the utility of genetic analysis in understanding the 

epidemiology of measles, these data suggest that the transmission of the indigenous 

virus was interrupted after the 1989 – 1992 epidemics.208 Subsequent report also 

supported the interruption of circulation of indigenous virus after 1993.209 

Since late 1990s, many studies on genomic characterization of circulating measles 

viruses have been reported from throughout the world.204, 210-234 

Besides genomic sequencing, there are many other non genomic sequencing 

methods reported for genotyping. 

Restriction Fragment Length Polymorphism (RFLP) 

In 1994, Mori T reported differentiation of Vaccine virus (AIK – C) from wild type 

viruses circulating in Japan by RFLP method.235 In 1997, Katayama Y et al reported 

the application of RFLP to type the measles viruses obtained from western Japan. 

During the study period, two genotypes (D3 and D5) were in circulation and the 

strain replacement (from D3 to D5) was observed. The result showed good 

correlation with genomic sequencing and phylogenetic analysis.236 

Heteroduplex Mobility assay (HMA) 

In 1997, Kreis et al reported the usefulness of Heteroduplex Mobility assay (HMA) 

to genetically characterize the measles virus obtained from different provinces of 

South Africa. The assay is based on PCR and electrophoresis using matrix gel. The 

result of HMA showed complete correlation with genomic sequencing and 

phylogenetic analysis.237 
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Nucleotide specific multiplex PCR 

In 2004, Kremer JR et al reported a simple multiplex PCR based method to identify 

all active measles clades and genotypes (A, B3.1, B3.2, C2, D2 – D9, G2 – G3 and 

H1 – H2). The method is based on six set of multiplex PCR: one to identify the 

Clade and five to identify the respective genotype. The assay’s positive predictive 

value was 99.2% and negative predictive value was 98.6%.238 

Real time amplification refractory mutation system PCR 

In 2006, Kouomou DW et al reported the development of real time amplification 

refractory mutation system PCR (RT-AMRS) using SYBR green fluorescent dye. 

Six pairs of primers were designed to amplify genotypes A, B2, B3.1, B3.2, C2 and 

D7. The genotypes could be differentiated by melting curve analysis. The accuracy 

of the method when compared with direct sequencing was 97 percent.239 

Oligonucleotide Micro array patterns 

In 2006, Neverova A et al reported application of oligonucleotide micro array for 

identification and genotyping of measles virus. Like the conventional genotyping 

method, the microarray relied on detecting sequence difference in the 450 nucleotide 

region coding for COOH – terminal 150 amino acids of the nucleoprotein. The 

method showed 90.7% sensitivity, 100% specificity and 91.8% genotype agreement 

as against sequence analysis and phylogenetic analysis.240 

2.12.3 Global Distribution of Measles Genotypes  

Data on measles genotypes are available since 1951(Figure 2.6). However, routine 

molecular characterization of wild type measles virus was initiated in response to a 

global resurgence of measles disease in the late 1980s and concurrent availability of 

sensitive techniques (e.g. RT-PCR and automated sequencing) for the investigation 
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of viral genomes. Prior to that date, only a few isolates of measles were available for 

molecular characterization and reliable epidemiologic information was not available 

for many of these isolates. In the era before the widespread use of measles vaccine, 

genotype A, C1 and D1 were detected. Analysis of measles virus sequences obtained 

from SSPE cases, resulting from initial infection that occurred during the 1950s and 

1960s, detected genotypes C1, D1, E and F providing further evidence that genotype 

A was not the only genotype detected during the prevaccine era. Retrospective 

sequence analysis of viral isolates collected during the 1970s showed continued 

detection of genotypes C1 and D1 and the first detection of genotypes C2, D2, D4, E 

and F. As the virologic surveillance expanded in the late 1980s and 1990s, the 

number of genotypes detected in cases and outbreaks increased substantially to 

include the 23 genotypes now recognized by WHO.8-10,199–204,233  

Figure 2.6: Distribution of measles genotypes during 1954 to 2004. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: Riddell MA et al., 2005.233 
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Distribution pattern of measles genotypes 

Where relatively extensive virologic surveillance has occurred, three general 

patterns of measles genotype distribution have been observed. In countries that  

still have endemic distribution of Measles, most cases are caused by relatively  

one or few endemic genotypes and frequently multiple, co-circulating lineages  

of virus are present within a genotype, indicative of multiple chains of transmission 

(Figure 2.7 & Table 2.2).10, 202,204,233,234  

In countries that have eliminated measles, the small numbers of cases are caused by 

a number of different genotypes that reflect various imported sources of virus and 

suggest the lack of sustained transmission of an endemic genotype. Endemic 

transmission has been eliminated in many areas of world; USA, Australia, Canada, 

and the United Kingdom.241, 223,  212, 169 

The third pattern occurs in countries or regions that have had very good measles 

control but are experiencing an increase in the numbers of susceptible individuals 

because of failure to maintain universally high vaccination coverage rates. In this 

situation, reintroduction of measles usually results in a large outbreak associated 

with a single genotype of virus with nearly identical sequences.204 Recently in 

United Kingdom, due to reduction in immunization coverage large number of cases 

is reported.242 
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Distribution of measles genotypes in countries of the WHO South East Asia 

Region  

Eleven countries are under this region. Genotyping data about circulating measles 

viruses are available from all the countries, except Bhutan. Of the 8 clades, three 

clades (D, G and H) are detected in these countries. In India –genotypes A, D3, D4, 

D7 and D8. 10,  202, 204, 214, 224, 243, 244 

Utility of Molecular Epidemiology 

The combination of molecular epidemiologic techniques and standard case 

classification and reporting provides a very sensitive means to describe the 

transmission pathways of measles. In particular, sequence data can help confirm the 

sources of virus or suggest a source for unknown-source cases as well as to establish 

links, or lack thereof, between various cases and outbreaks. Virologic surveillance is 

especially beneficial when it is possible to observe the change in viral genotypes 

over time in a particular country or region because this information, when analyzed 

in conjunction with standard epidemiologic data, has helped to document the 

interruption of transmission of endemic measles. Thus, molecular characterization of 

measles viruses has provided a valuable tool for measuring the effectiveness of 

measles control programs.208,233,236,246 Virologic surveillance can also help to classify 

suspected cases as vaccine reactions. A small proportion of measles vaccine 

recipients experience rash and fever 10–14 days following vaccination. During 

outbreaks, measles vaccine is administered to help control the outbreak, and in these 

situations, vaccine reactions may be mistakenly classified as measles cases. Since 

serologic methods cannot distinguish between a vaccine-induced antibody response 

and antibodies derived from natural disease, molecular characterization of viral 

isolates provides a method to confirm whether vaccine or wild-type measles virus 

caused the rash and fever.234  
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2.13 TREATMENT  

Treatment of uncomplicated measles is symptomatic and includes bed rest, 

hydration and antipyretics as needed. A vaporizer, expectorants and mild antitussive 

agents may be helpful in children with measles tracheobronchitis, but cough 

suppression with narcotics should be avoided. Reduced ambient light intensity will 

eliminate the discomfort associated with photophobia. Bacterial super infection 

should be promptly treated with antimicrobial agents. Immunoglobulin has been 

used initially in the form of human serum and later as fractionated gamma globulin 

and is recommended for high-risk individuals after exposure.247  

In India, traditional medical practitioners have used extracts of medicinal plants and 

herbs to suppress complications of measles. In 2007, Parker ME et al have reported 

the antiviral activity of thirteen traditional plants most commonly added to 

milk/soups by the Maasai for perceived health benefits. The antiviral activity was 

measured by neutralization assay and found four plants (31%) have antiviral  

activity.248
 

2.14  PREVENTION AND CONTROL OF MEASLES 

Most countries have eliminated or controlled measles by effective use of vaccines. 

2.14.1. Measles Vaccines  

Measles virus was first isolated in 1954 by Enders and Peebles. Most of the live 

attenuated measles vaccines used now originate from the Edmonston strain isolated 

by Enders and Peebles.37 A killed measles vaccine was licensed in 1963 249 but it 

was subsequently with drawn, as many studies had reported frequent association 

with high fever, atypical cases and severe atypical pneumonia following subsequent 

exposure to measles virus.250 By the middle – late 1960s, new strains of measles 



 53

vaccine were developed in the USA, Japan, Yugoslavia, the USSR and China by 

further attenuation of Edmonston strain (AIK- C), Edmonston A (Schwarz), 

Edmonston B (Moraten, Edmonston Zagreb) or from a different isolates (Leningrad 

16, CAM -70).7  

Sequence analysis of all currently available vaccines indicates that they all belong to 

the same genotype (Genotype A). Sequence analysis of H, F and N gene of all 

vaccine viruses showed that they differed by no more than 0.5% - 0.6%, despite the 

diverse geographic origins and different attenuation methods used. The sequences of 

all of the vaccine strains were very similar to those of a low passage seed of the 

original Edmonston strain (wild type). The most divergent sequences were from two 

of the non Edmonston derived vaccines. The first one is CAM-70, a vaccine 

developed from a Japanese wild type virus and second is Shanghai -191(S-191), 

which was developed in China. Sequences of the Moraten and Schwarz strains were 

identical.39, 251  

Combined Measles Vaccine 

In 1965, Brown GC et al have reported a study on serologic response of young 

infants to three injections of combined, inactivated measles-poliomyelitis vaccine 

given at two-month intervals. The authors found maternal antibodies suppressed the 

response. A booster of live measles vaccine after a series of inactivated virus was 

efficacious.252  

In 1988, Simoes EA et al evaluated the feasibility of giving measles vaccine mixed 

with either diphtheria pertussis tetanus (DPT) of DPT – poliomyelitis and 

interpreted this did not diminish its immunogenic potency or increase adverse 

reactions.253 
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Recombinant Measles Virus as vaccine candidate 

In 2008, Liniger M et al have reported the development of live attenuated 

recombinant measles viruses expressing a codon – optimized spike glycoprotein or 

nucleoprotein of severe acute respiratory syndrome associated coronavirus (SARS-

CoV). The study supports the suitability of measles vaccine as a bivalent candidate 

vaccine vector against MV and emerging viruses such as SARS-CoV.254 

In 2009, Cantarella G et al have reported the development of a recombinant measles 

virus and Human Papilloma Virus (HPV) vaccine candidates for prevention of 

cervical carcinoma. The study suggested that measles virus is a promising vehicle 

for development of inexpensive and efficient vaccines protecting against HPV 

infection.255 

In 2009, Guerbois M et al reported that the live attenuated measles vaccine 

expressing HIV -1 Gag virus like particles covered with gp160DeltaV1V2 is 

strongly immunogenic. The recombinant virus replicated efficiently in cell culture 

and induced high level of cellular and humoral immunity to both measles and HIV 

with neutralizing activity.256 

Recombinant Proteins as vaccine candidates  

In the recent years, many researchers have been working on the evaluation of 

immunological response against recombinant proteins coding for measles genes, as 

an alternative to live measles vaccines. 

In 2000, Durbin AP et al reported that recombinant human parainfluenza virus type 

3 (PIV3) was used as a vector to express the major protective antigen of measles 

virus, the hemagglutinin (HA) glycoprotein, in order to create a bivalent PIV3-

measles virus that can be administered intranasally. This method is to induce local 
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and systemic immunity and to reduce the inhibiting effect of preexisting serum 

antibodies on replication of vaccine virus.257  

In 2001, Huang Z et al demonstrated that measles virus hemagglutinin protein (MV 

– H) can be expressed in plants and that oral immunization of mice with plant 

derived MV-H results in low titers of measles virus specific neutralizing 

antibodies.258 

In 2002, Webster DE et al demonstrated that a single-dose DNA immunization 

followed by multiple boosters, delivered orally as a plant derived vaccine, can 

induce significantly greater quantities of measles virus-neutralizing antibodies than 

immunization with either DNA or plant-derived vaccines alone.259  

In 2003, Pasetti MF et al, demonstrated that the cotton rat can be used as a practical 

animal model for evaluation of measles DNA vaccines delivered mucosally by either 

Salmonella enterica serovar Typhi CVD 908-htrA  or Shigella flexneri 2a CVD 

1208. This intranasal delivery induced serum neutralizing antibodies and protection 

against intra nasal challenge with wild-type MV (as evidenced by diminished viral 

load in lung).260  

In 2008, Pan CH, et al have reported the formulation and Use of vaxfectin adjuvant 

with DNA vaccine encoding the measles virus hemagglutinin and fusion proteins 

protects juvenile and infant rhesus macaques against measles virus.261 

2.14.2 Vaccination Policy 

In most developing countries, children are vaccinated against measles at 9 months of 

age (80 – 85% sero conversion), while in industrialized countries at 12 months of 

age (98% seroconversion). To ensure optimum population immunity, second dose 

should be given to all the children. Although generally it is administered at school 
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entry, it should be given as early as one month following the first dose, depending 

on the local programmatic and epidemiological situation.262  

Vaccination for immunocompromised individuals 

Unless severely immunocompromised, HIV infected infants should receive measles 

vaccine at 6 months of age, followed by an additional dose at 9 months.262 In 2007, 

Moss WJ et al have evaluated the immunogenicity of standard titer measles vaccine 

in HIV 1 infected and uninfected Zambian children.263  In 2009, Farguhar C et al 

have evaluated immune response to measles and tetanus vaccines among Kenyan 

human immunodeficiency virus type1 (HIV-1) infected children. The authors found 

6 month after highly active antiretroviral therapy (HAART), more than half of the 

study population lacked positive measles antibody.264 In 2009, Lowther SA et al 

have conducted an evaluation of population immunity to measles virus and the effect 

of HIV -1 infection after a mass measles vaccination campaign in Lusaka, Zambia. 

The authors found that population immunity was insufficient to interrupt measles 

virus transmission.265 

Vaccination for bone marrow transplant recipients  

In 2002, Machado CM et al have reported immunity against measles is decreased 

after bone marrow transplantation and they have suggested booster dose of measles 

vaccine for the transplant recipients.266  

Vaccination for Health care workers 

The World Health Organization (WHO) states that in some settings, medical 

personnel have been the source of measles spread. Studies have reported the 

prevalence measles antibody in health care workers. Ziegler E et al reported that 

3.3% of the health care workers in UK are non immune to measles.267 Studies have 
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demonstrated that the susceptibility to measles can vary between from 1.7% to 

10.3%.268 -271 

Route of Administration 

Traditional route of administration  

Live measles vaccine is available as either single or in combination with either 

rubella (MR) or mumps and rubella (MMR) vaccines. Measles vaccine is supplied as 

lyophilized form and it should be reconstituted with the diluent prior to the 

administration. 0.5ml (not less than 1,000 TCID50) of reconstituted vaccine should 

be injected subcutaneously.262  

Alternative routes for measles vaccination 

Since 1964s researchers have been working on aerosol measles vaccination. They 

found, it safe and effective.272-276 In 1997, Cutts F et al have reviewed the alternative 

routes, included intranasal aerosol, intradermal, intraocular and oral routes. The 

aerosol route seemed to be most promising route than the nonpercutaneous route. 

The aerosol route facilitates the initial replication of vaccine virus on the mucosa of 

the respiratory passages, without interference of circulating maternal antibody. This 

kind of non parental route of administration of vaccine may be efficient in 

stimulating the formation of secretory IgA to provide local immunity against 

reinfection. More over, aerosol vaccination has given equivalent seroconversion 

rates to the subcutaneous route in most studies.277 

In 1997, Castro JF et al have reported the measles vaccination by the aerosol method 

in Mexico. The authors concluded that no undesirable effect was observed and 

aerosol vaccination method is much cheaper, faster and better accepted by the 

population than subcutaneous injection.278 



 58

Bennett JV et al. in 2002 reported comparison of antibody responses and side-effects 

of aerosolized and injected measles vaccines after revaccination of children enrolled 

in elementary schools. They have concluded immunogenicity of measles vaccine 

when administered by aerosol is superior to that given by injection. The 

investigators recorded cough (7.5%), rhinitis (3%), fever (2.9%), diarrhoea (1.2%), 

rash (1%) and conjunctivitis (0.7%) among the participants that lasted one or more 

days in the two weeks after vaccination.279 

In 2003, Roth Y et al have reviewed measles and influenza A aerosol vaccination 

trails conducted in southern america and concluded that this aerosol vaccination 

method seems a promising method of vaccination.280 

In 2005 Castro JF et al have evaluated the immunogenity and side effects of MMR 

in adults given by aerosol and subcutaneous.281 

In 2006 Swart RL et al have evaluated the efficacy and safety of Edmonston Zagreb 

measles vaccine by subcutaneous and aerosol route in macaque. They found no 

hazard associated with route of vaccination and it support further clinical evaluation 

of aerosol vaccination for measles.282 

In 2008, Low N et al have reviewed the immunogenicity and safety of aerosolized 

measles vaccine. The authors concluded that the aerosolized measles vaccine 

appears to be equally or more immunogenic than subcutaneous. Reported side 

effects were mild.283   

2.14.3  Adverse Reactions and Events following measles immunization 

Adverse reactions are mild and transient. Slight pain and tenderness at the site of 

injection may occur within 24 hours, sometimes followed by mild fever and local 



 59

lymphadenopathy. About 7 – 12 days after vaccination, up to 5% of measles vaccine 

recipients may experience fever of at least 39.40C for 1 – 2 days.262  

Some groups like immunosuppressed and those suffering from leukaemia, 

lymphoma, generalized malignancy or those on high dose of steroids are at increased 

risk of adverse events after measles vaccines. In contrast, children infected with HIV 

have shown to have no increase in adverse events compared with controls.284  

In 1998, Wakefield AJ et al reported association of MMR vaccine and autism and 

subsequent studies reported RNA in bowel biopsies and peripheral blood 

mononuclear cells (PBMC) from children with Autism spectrum disorders, which  

led to low level of immunization coverage in England285. However, in 2000, Afzal 

MA et al have reviewed the published articles about autism associated with measles 

and concluded that there was no direct link of measles vaccine with Autism and 

juvenile crohn diseases.286 

In 2008, Horning M et al have reported strong evidence against association of 

autism with persistent MV RNA in the GI tract on MMR exposure.287 

In 2009, Stowe J et al have analysed and presented 10 years data to find out risk of 

bacterial and viral infections after MMR vaccination. The authors confirmed that the 

MMR vaccine does not increase the risk of invasive bacterial and viral infection in 

the 90days after the vaccination and does not support the hypothesis that there is an 

induced immune deficiency due to overload from multi-antigen vaccines.288 

In 1995, Sood DK et al have reported the incidence of adverse reactions (40 

incidences of severe reactions and deaths) that occurred between 1986 and 1994 in 

India. The authors found that few reconstituted vials were toxic and many were 

unsterile. This was attributed to programmatic error due to the use of unsterile 
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syringes and needles and perhaps the use of reconstituted vaccines beyond their 

specified time for administration resulting in contamination.289 

2.14.4  Sero Conversion following immunization 

Immunity against measles could be induced by immunization with measles 

containing vaccine or through natural infection, presumably providing lifelong 

protection. Immunity induced by vaccine virus, could neutralize the circulating wild 

type measles virus. However, varied titers are observed by cross neutralization using 

monoclonal antibodies. In 2006, Korukluoglu G et al have determined the genetic 

and antigenic diversity of vaccine-type and wild-type measles viruses by using 

different antisera in a neutralization assay. They have concluded that immunity 

induced by vaccine is able to protect all genotypes.290 

 The production of immune response is influenced by several factors, such as 

interference of maternally derived antibodies, dosage of vaccine, type of vaccine 

used, status of immunological systems and nutritional status. Therefore, conducting 

sero survey studies will help health authority to know the percentage of immune 

population in a community, thus indicating susceptible population and effectiveness 

of vaccination programme. 

In 1999, Nicoara C et have studied the decay of maternally derived antibodies to 

measles, mumps and rubella viruses in Swiss infants in order to determine the 

optimal time for vaccination. Sera (500nos) were collected from infants up to 2 

years of age and tested by ELISA and fluorescent – antibody testing. By 9 – 12 

months of age, only 5 of 58 infants were antibody positive for the measles virus and 

only 2 had levels above 200mIU/ml. They concluded that MMR vaccination at 12 

instead of 15 months of age could reduce the pool of susceptible subjects.291 
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In 1996, Hussey GD et al have reported the immune response to Edmonston Zagreb 

vaccine given at 6 months (EZ) and Schwarz vaccine given at 6th (SW 6) and 9th 

month (SW9). They found, sero conversion was similar but geometric mean  

titers differed significantly (1367mIU/ml – SW9, 982mIU/ml – SW6 and 

303mIU/ml – EZ). 292  

In 1999, Helfand RF et al have reported timing of development of measles specific 

IgM and IgG after measles vaccination. The authors found the IgM positivity was 

2% at 1 week, 61% at 2 weeks, 79% at 3 weeks and 60% at 4 weeks after the 

vaccination. The IgG positivity was 0% at 1 week, 14% at 2 weeks, 81% at 3 weeks 

and 85% at 4 weeks after the vaccination.293 

In 2000, Camacho LAB et al have reported that administration of measles vaccine 

(CAM - 70) that contains <5000/CCID50 did not elucidate satisfactory sero 

conversion.294 

In 2003, Szenborn L et al have reported that nearly two thirds of infants (65.4%), 

born to Poland mother did not have sufficient maternally derived neutralizing 

antibodies by the 7th month of age. Further, they found passively acquired immunity 

in infants born to mothers who have had measles lasts longer than in infants born to 

vaccinated mothers. Based on the study, they suggested that the recommended age 

for the first dose of measles vaccine during measles epidemics should be lowered to 

9 months, with re-vaccination at 12–15 months.295 

In 2007, Kelly HA reported the estimation of susceptibility to measles among young 

adults born during 1968 - 82 in Vicotria, Australia following a national targeted 

MMR vaccination campaign. The authors found no significant change in immunity 

of that birth cohort following the MMR campaign.296 
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In 2007, Techasena W et al have reported about the measles antibody levels in 

mother and infants and response to measles vaccine at the age of 9 and 18 months in 

Thailand. The authors found that maternal and cord blood measles antibody was 

high and found higher level in cord blood than in maternal level. Measles antibody 

level in infants declined significantly from the age of 4 months to their lowest level 

at the age of 9 months. In addition the authors found that first dose given at 9 month 

resulted in 82.2% seroconversion while it was 99.6% with second dose given at 18 

months.297 

In 2008, Xu GZ et al have reported the levels of transition on maternally transferred 

measles antibody in infants in 3 cities in china. Maternal transferred measles 

antibody decreased as the growth of infants. The positive rates of measles antibody 

were quite low in 6 months and 8 months olds which were the age range that needs 

most attention. The authors found most of the cases during 2004 – 2007 were 

younger than 12 months and the incidence of <1 year olds had been increasing.298 

In 2008, Andrews N et al have evaluated the age specific measles susceptibility in 

Australia and 17 European countries. The authors found seven countries (Czech 

Republic, Hungary, Luxembourg, Spain, Slovakia, Slovenia and Sweden) met or 

came very close to the elimination targets. Four countries (Australia, Israel, 

Lithuania and Malta) had susceptibility levels above WHO targets in some older age 

groups indicating possible gaps in protection. Seven countries (Belgium, Bulgaria, 

Cyprus, England and Wales, Ireland, Latvia and Romania) were deemed to be at risk 

of epidemics as a result of high susceptibility of children.299 
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2.14.5  India Scenario 

Several studies have been undertaken for estimating the sero prevalence and sero 

conversion after an immunization programme with measles or measles containing 

vaccine. In 1977 Ghosh S et al from Delhi have reported a seroconversion study 

after the measles vaccination among the 7months to 4½ year children. The study 

found over all 90.4% of sero conversion. However, the percentage varied among the 

different age group (6 – 12 months – 77.2%, 13 – 18months – 90.0%, 19 – 24 

months 80% and over 24 months 53.3%).300 In 1982 Kaur G et al from Varanasi 

have reported the estimation of measles titers in maternal and cord blood, the 

authors found 80.5% of the cord and maternal blood had identical antibody titer301. 

In 1983, Saha S.M et al have reported a seroconversion study after the measles 

immunization among the children aged 9 – 23 months. The samples were collected 

from 14 different places of India. The Pre and Post immunization blood samples 

were collected on filter papers and the antibody titers were measured by HI. The 

study found 90.27% of seroconversion, however, the percentage was varied between 

the places, which ranged from 72.7% to 100%.302 In 1984 Cherian T et al have 

estimated, lower antibody mean titer in infants with measles than in older children 

and also found lower mean antibody titer among the children with subclinical 

infections than with clinical measles, during a measles epidemic303. In 1994, Singh R 

et al have reported the immune response to MMR vaccine given at 9, 12 & 15 

months of age, the authors concluded that the MMR can be given at 9th month and 

second dose may be effectively given at 12 or 15 months.304  In 1997, Shaikh NJ et 

al reported the estimation of measles antibody levels in 183 pairs of maternal and 

cord sera and another group of 130 pairs of mothers and infants aged 1 – 9 months. 

The study found identical antibody titer in all the infants and mothers at the time of 

birth. Among the age group of 1- 4 month, 67.3% of infants had identical antibody 

titer with mothers as against 9.8% in 5 – 9 month infants.305 In 1998, Phadke MA et 
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al reported evaluation of efficacy of two dose of measles vaccination in community 

settings, the outcome of the study supports the superiority of two dose 

vaccinations.306 In 1998, George K et al have reported the effect of measles 

vaccination before nine months, the authors have recommended that the 

administration of measles vaccine between 6 and 8 months is effective.307 In 2000, 

Khan Z et al have conducted a study to determine the pattern of maternal antibodies 

in 0 – 9 months infants and prevalence of measles antibodies in 9months – 5 year 

old children regardless of their immunization status in 9 registered villages in rural 

area of Aligarh district. The study found, 100% seropositivity in 0 -3 months age 

group and it decreased to 18% among the 6- 9 month group. 96.5% of seropositivity 

was observed among the vaccinated children as against 9% in unvaccinated 

children.308 In 2003 Kandpal SD et al have conducted a study in 9 registered villages 

(same villages as conducted by Khan Z et al 2000) of Aligarh district to find out the 

level of measles antibody titer among the 9months - 5 years unvaccinated children. 

The authors found 95% of seropositivity among the children who had measles as 

against 54.1% in children with no history of measles infection. The high percentage 

of seropositivity among the unvaccinated children without history of measles could 

be subclinical or asymptomatic measles infection.309 In 2001, Rawat D et al in their 

study reported that 20% of vaccinated children in Delhi were seronegative.310 In 

2003, Cherian T et al have evaluated the effect of Vitamin A supplementation on the 

immune response to measles vaccination and the authors found no statistically 

significant antibody response.311 In 2003, Yadav S et al have reported the evaluation 

of efficacy of MMR vaccination at 9 – 12 months and 15 – 18 months children. The 

samples collected before the immunization showed 15% and 44% of seropositivity 

among the 9 -12 months and 15- 18 months children, respectively. The 

seropositivity increased to 92% among the both groups after a dose of MMR vaccine. 

The authors concluded that the MMR can be given effectively at 9 and 15 months of 
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age.312 In 2003, Chakravarti A et al have reported whole blood samples as an 

alternative to serum for detection of immunity to measles virus by ELISA.313 In 

2004, John S et al have evaluated the serological response to early measles 

vaccination, the authors found that measles immunization before 9 months with the 

standard titer Edmonston-Zagreb vaccine has not provided a large proportion of 

under-five children with protective levels of measles IgG antibody. A significant 

proportion of children vaccinated at the currently recommended age also had 

suboptimal levels. It is difficult to protect the majority of the measles-susceptible 

population with a single dose regardless of the immunization schedule used. 

Therefore they concluded that a second dose of measles vaccine may be necessary to 

increase the herd immunity.314 In 2007, Raut SK et al have reported persistence of 

antibodies against measles mumps and rubella viruses after the MMR vaccination, 

the authors have estimated 88% (measles), 95% (mumps) and 100% (rubella) of 

seropositivity 6 years after the vaccination.315  

2.14.6 Methodologies for Estimation of measles specific antibodies 

Measles antibody can be demonstrated by various laboratory methods such as 

hemaglutination inhibition test, neutralization assay, ELISA and plaque reduction 

neutralization test (PRNT); the results may vary depending on the sensitivity of the 

assay used. PRNT is considered as “Gold standard method” for demonstration of 

measles specific IgG antibodies. 

During the early years, most of the studies employed Haemagglutination Inhibition 

Assay for the measurement of measles immunity, followed by complement fixation 

test. In 1981, Albrecht P et al have reported that plaque reduction neutralization test 

was about 10 times more sensitive than the neutralization test, 60 times more than 

the measles hemaglutination inhibition test and 220 times more sensitive than the 

measles complement fixation antibody test. In recent years, ELISA has been widely 
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employed for the purpose. The ELISA has higher sensitivity and specificity than 

HAI and CFT and though less sensitivity than PRN test was easy to perform and did 

not require investment in tissue culture laboratory.316  

In 1985, Neumann et al have reported comparison of measles antihemolysin test, 

Enzyme Linked Immuno sorbent Assay and Hemagglutination inhibition test with 

neutralization test for determination of immune status. The authors concluded that 

antihemolysin test and ELISA tests provided alternatives to HI test for the 

determination of immunity against measles.317 

In 1990, Chen RT et al have reported that the PRN titer >120 is required to protect 

against classical measles.318  

In 1993, Condorelli F and Ziegler T have reported dot immuno binding assay for 

simultaneous detection of measles, rubella and mumps antibodies. The assay is 

found to be easy to perform and the result correlated with ELISA result.319 

In 1994, Condorelli F et al have reported the detection and comparison of IgG 

antibodies against measles, mumps and rubella between serum and serum samples 

dried on filter paper. They found good correlation between the two methods.320 

ELISA is widely used method, as it has various advantages and is commercially 

available. However they have varied sensitivity and specificity. In 1995, Ratnam S 

et al have compared four different commercial ELISA kit with PRN test for the 

evaluation of measles immunity. They concluded that the ELISA is readily available, 

easy to operate with rapid turnaround and it could be used for routine application.321 

In 2001, Nokes DJ et al, have assessed the suitability of using oral fluid samples for 

determining the prevalence of immunity to VPD diseases.322 
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In 2003, Riddell MA et al have evaluated the sensitivity of IgG ELISA from blood 

samples spiked on filter paper. They found dried blood sample has potential for 

replacement of serum for estimation of measles specific IgG.323  

In 2005, Kremer JR and Muller CP have reported the evaluation of a commercial 

assay for the detection of measles immunoglobulin G (IgG) in oral fluid in a highly 

vaccinated cohort using serum IgG as gold standard. They found testing of oral fluid 

for IgG antibodies has 90.4% sensitivity.324 

In 2008, Haralambieva, IH et al reported the standardization of fluorescence based 

plaque reduction micro neutralization test. They have concluded that this assay is 

automated readout, require less time to complete, less labor-intensive and less costly 

than the classical plaque reduction neutralization (PRN) test.325 

In England, collection of oral fluid samples is the method of choice for measles and 

mumps and rubella surveillance.326 

2.15 IMPORTANCE OF MEASLES ELIMINATION AND ITS 

FEASIBILITY 

Besides the morbidity and mortality caused by measles infection, huge resources are 

required for sustaining measles immunization, treatment and its control. In United 

States, in 1994, the estimated average cost of a measles case was $1000.327 Medical 

care charges for patients admitted with measles to Los Angeles Children’s Hospital 

in 1990 averaged $9264 per hospitalization.328 To lessen this health burden, the 

United States spends at least $45 million annually for the measles component of 

measles-mumps rubella vaccine.329 Worldwide, it has been estimated that more than 

$1.5 billion is spent on prevention and treatment of measles each year.330 Measles 

eradication with cessation of vaccination would save those lives, avert that health 

burden, and save those costs in perpetuity.2 
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In 2002, Carabin H et al have estimated the average cost per measles case to be 

US$276, US$307 and US$254 for Netherland and United Kingdom and Canada, 

respectively.331 

In 2007, Filia A et al have reported the health burden and economic impact of 

measles related hospitalizations in Italy. During 2002 - 2003, 5,154 hospitalizations 

were identified. The costs were estimated between €17.6 and 22.0 million, including 

vaccination of 1.5 – 1.9 million children. The high cost of measles and the severity 

of its complications fully justify the commitment required to reach measles 

elimination.332 

2.15.1 Criteria for Eradication 

Measles is considered an eradicable disease due to it being a single serotype, 

availability of effective vaccine, lack of naturally occurring non-human reservoirs 

and high clinical expression of the disease. The high communicability, its 

resemblance to other febrile rash diseases, and the occasional occurrence of 

asymptomatic and non-classical cases are seen as challenges, which can be 

surmounted. Therefore, World Health Organization has targeted “measles” for 

elimination.2,3  

In 1997, the Dahlem Conference on disease eradication established three criteria for 

disease to be considered eradicable; 1. Humans must be critical to maintaining 

transmission. 2.Accurate diagnostic tests must be available 3. an effective 

intervention must be available.333 In 2000, Orenstein WA et al., have proposed 

fourth criteria i.e., it must be possible to interrupt transmission for a prolonged 

period in a large geographic area. Measles is meeting all the criteria.2 There are nine 

countries namely Australia334, Brazil335, Canada 336, Cuba337, Finland338, Mexico339 
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USA340,Republic of Korea341 and England & Wales169 that have declared the 

measles elimination status. 

2.15.2 Integrated Measles and Rubella Control 

Rubella is a mild illness that presents with fever and rash. The disease is self limited, 

has minor complications unless it is contracted in first trimester of pregnancy, when 

it can infect the fetus and cause the devastating condition of Congenital Rubella 

Syndrome. Congenital rubella syndrome (CRS) is an important cause of blindness, 

deafness, congenital heart disease, and mental retardation. Worldwide, it is 

estimated that more than 100,000 infants are born with CRS each year. Most of 

these cases occur in developing countries that have not yet introduced rubella 

vaccine.3  

WHO recommends that countries undertaking measles elimination should consider 

taking the opportunity to eliminate Rubella at the same time, through use of MR or 

MMR vaccine in their childhood immunization programmes, and also in mass 

campaigns. As of early 2006, four WHO Regions (AFRO, EMRO, WPRO and 

SEARO) had adopted measles elimination goals, and two (the Americas and 

Europe) had adopted Rubella and CRS elimination targets.3  

2.15.3 Development of Global Measles Laboratory Network 

One of the important strategies of the measles control programme is enhancement of 

laboratory surveillance and integration of epidemiological data and laboratory data. 

In an effort to support various aspects of measles control programme, WHO Global 

Measles Laboratory Network has been developed. The main function is to provide 

laboratory confirmation of Measles / rubella and identifying the genotype in 

circulation.3,11  
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SCOPE AND PLAN 

 

Measles continues to be a leading cause of childhood morbidity and mortality in 

developing countries despite availability of effective vaccine over the past 40 years.  

Most industrialised nations have initiated accelerated measles control activities as 

per the World Health Organization guidelines.  One of the main strategies 

recommended by WHO and UNICEF  for achieving sustainable mortality reduction 

goal and maintaining interruption of virus transmission is establishment of effective 

surveillance and laboratory confirmation of suspected outbreaks and in later stages 

investigation of all suspected cases.12-14 

The non-specific nature of the prodromal signs and the existence of mild cases, 

make clinical signs unreliable as the sole diagnostic criteria of measles disease. 

Moreover there are other conditions and infections that may present with similar 

symptoms Therefore, the laboratory has important role in measles surveillance for 

monitoring and verifying virus transmission by confirmation of outbreaks, 

confirmation of a case and identification and genetic characterization of 

measles virus strains and in monitoring the susceptibility profile of the 

population.1,3 

This activity depends upon the stage of measles elimination programme in the 

country. During the endemic period, confirmation of early few cases from an 

outbreak is required. While during the elimination period, it is essential to confirm 

and discard all the suspected measles cases. Establishment of baseline molecular 

data about circulating measles strains and continuous monitoring of molecular 

epidemiology of measles are essential components of measles surveillance.1,3,11 
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In India, around fifty thousand cases are reported per annum. However, very few of 

them are confirmed by laboratory methods. Though several studies are reported 

from various places of India,130-139 the true prevalence of measles is not known as 

systematic surveillance system was not established as a National program. In few 

provinces of India measles surveillance was initiated in 2005.  

Several studies on estimation of measles immunity after vaccination are available in 

India; however, these were mostly conducted in hospital settings or confined to one 

area,300-315 In India, no study was conducted from different groups of general 

population after a pilot scale mass vaccination programme. This kind of study will 

help the health authority to understand the level seroconversion under the field 

conditions. 

Little documentation is available on the molecular data about circulating measles 

strains in India,224 Since, India is now in the mortality reduction phase, it is essential 

to establish base line molecular data. 

In Tamil Nadu state, though high level of immunization coverage is being 

maintained for the past several years, measles outbreaks are reported from almost all 

the districts. At the same time, most often cases were only clinically confirmed. 

Hence, the true prevalence may be under estimated. Before this study was planned, 

only few studies are reported on laboratory confirmation of suspected measles 

outbreaks and evaluation of immune response against measles containing vaccine. 

But, these studies were based on hospital settings and/or limited to confined area 

mainly from one city in North Arcot district of Tamil nadu state,130, 304 Therefore, 

the true prevalence of the measles in the state of Tamil Nadu is not known. Most 

importantly, there are no reports on genotypic pattern of circulating measles viruses. 
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This study was undertaken to identify and characterize the circulating indigenous 

measles virus strains in Tamil Nadu. To establish evidence of circulating measles 

virus genotypes, serological confirmation of outbreaks was undertaken. To assess 

the impact of introduction of second dose of measles vaccine in a selected 

population was studied.  

PLAN OF THE STUDY 

1. SEROLOGICAL CONFIRMATION OF CLINICALLY SUSPECTED 

MEASLES OUTBREAKS / CASES 

The diagnosis of measles in developing countries is based almost exclusively on the 

evaluation of clinical symptoms. WHO defines a clinical measles case as one in 

which the patient has a generalized maculopapular rash, fever of 380C or more and 

at least one of the symptoms cough, coryza or conjunctivitis. Since many pathogens 

mimic measles, laboratory confirmation of clinically diagnosed measles cases is 

imperative. During the mortality reduction phase when measles is likely to be 

endemic, only outbreak confirmation is required.3,11 Accordingly as per the 

recommendation of WHO collection and testing blood samples from 5 to 10 cases of 

an outbreak is adequate to confirm the outbreak.342  

Due to the high transmissibility of measles infection, rapid and accurate laboratory 

confirmation of clinically diagnosed measles is required. A suitable assay should 

detect most measles cases early in the course of illness and not require a second 

sample; samples should be ideally collected when the health worker has the first 

contact with the patient, usually first week of rash onset. To meet this need, 

detection of IgM antibody by ELISA is an ideal assay for the routine diagnosis.1, 146  

Some times suspected measles cases are rubella, depending on the existing 

epidemiology of rubella and the status of rubella control activities. Therefore, World 
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Health Organization has recommended combined measles and rubella surveillance 

and control initiatives.3 According to the WHO strategy, in this study, 5 -10 

blood samples were collected from reported outbreaks for laboratory 

confirmation. The cases were confirmed by detection of Measles specific IgM or 

Rubella specific IgM by ELISA. All measles IgM negative samples are 

subjected to Rubella screening.342 

2. ISOLATION OF MEASLES VIRUS AND CONFIRMATION BY 

IMMUNOFLUORESCENCE ASSAY 

Measles virus is best detected between 3 days prior to onset of rash to 3 to 4 days 

post onset. Between 5th to 7th day after onset of the rash, the virus titre is low, for 

these reasons, virus isolation though confirmatory is not considered to be a useful 

diagnostic tool. However, the detection of measles virus and subsequent genomic 

analysis and the availability of an extensive sequence database for wild type measles 

viruses have enabled molecular epidemiological studies of measles.1 

Measles virus undergoes mutation of the genome at a constant rate of 2% per year; 

the measles genome is relatively stable and shows minor detectable changes over the 

course of an outbreak or even over 12 months. Hence isolation of virus from all 

cases is not considered necessary and 1 or 2 isolates from each outbreak or chain of 

infection will provide sufficient data to determine transmission pathways.11 

Previously, primary monkey kidney and Vero cell line was considered permissive 

for measles infection. In 1990, Kobune et al reported that an Epstein Barr virus 

transformed marmoset B lymphocyte cell line (B95a) is about 100 – 10,000 times 

more sensitive than Vero cell line.343 In 2001, Ono et al reported Vero/human 

Signaling Lymphocyte Activation Molecule (Vero cell line transfected with CD150 

or human Signaling Lymphocyte Activation Molecule) cell line as equally sensitive 
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for measles virus isolation.47 The disadvantage of B95a cell line is risk of Epstein 

Barr virus; requiring the cell line to be handled and transported as infectious material. 

The Vero/hSLAM cell line does not have any infectious virus; besides, it has the 

added advantage of allowing rubella virus isolation.  It is always appropriate and 

recommended that positive sample is confirmed by either molecular method (RT-

PCR) or Immunofluorescence. In this study, approximately 2-5 clinical samples 

(throat swab and or Urine) were collected from representative outbreaks; virus 

isolation was attempted with Vero, B95a and Vero/hSLAM cell lines and the 

isolates were confirmed by Immunofluorescence assay.  

3. GENETIC CHARACTERIZATION OF MEASLES VIRUSES 

Molecular characterization of measles viruses is an important component of measles 

surveillance; molecular epidemiological studies of the measles virus have made 

significant contributions to measles control efforts, by providing a means to identify 

the source and transmission pathways of the virus. As it is possible to observe 

changes in viral genotypes over time in a particular region, this information can help 

to document the interruption of transmission of measles virus and provide an 

important method to assess the effectiveness of vaccination programmes. It is 

therefore recommended that viral surveillance be conducted in all areas before 

accelerated vaccination programmes are initiated.   

Until, 1998 there was no uniform nomenclature or analysis protocol to describe the 

genetic characteristics of wild type measles viruses. In 1998 a uniform nomenclature 

for naming of strains, sequencing protocol and describing genotypes was developed 

by WHO.185 In this study, genetic characterization of the isolates was performed 

according to the WHO nomenclature. 
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4. SERO SURVEY OF MEASLES TO ESTIMATE THE SERO 

CONVERSION AFTER A SECOND DOSE OF MEASLES VACCINE: 

In the state of Tamil Nadu, India monovalent measles vaccine is being administered 

at the age of 9 months through routine immunization; second dose is not provided 

under the universal immunization program of the government. However, it is being 

administered by private practitioners at the age of 18 to 24 months as MMR vaccine 

or Measles vaccine alone. It is noticed that outbreaks continue to occur in Tamil 

Nadu in spite of over 98% routine immunization coverage. Therefore the Tamil 

Nadu government through the Integrated Child Development Scheme (ICDS) 

conducted pilot scale mass immunization campaigns for all children less than  

5 years with MMR vaccine in 5 selected health blocks / districts of Tamil Nadu.  

It was felt appropriate to evaluate the seroconversion and compare the results 

between the children in age group of 1 – 5 years who had received single dose of 

monovalent vaccine (confirmed with immunization cards through routine 

immunization at completion of 9th month) and children covered under the mass 

second dose campaign. (One dose of monovalent vaccine through routine 

immunization and second [MMR] through mass vaccination campaigns)  

There are many methods like Complement Fixation Test (CFT), Haemagglutination 

Inhibition (HI), Micro Neutralization Test (MNT), Enzyme Linked Immuno Sorbant 

Assay (ELISA) and Plaque Reduction Neutralization Test (PRNT) for the estimation 

of IgG antibodies as indication of measles immunity. However, sensitivity and 

specificity of the methods are different.316 Based on an efficacy study during an 

outbreak of measles, Chen et al have reported that PRN titers of <120 were not 

protective against measles, titers of >120 but <1,052 may protect against classic 

measles, but not against mild clinical infection and those of >1, 052 indicate full 

protection. PRNT is considered as “Gold standard” method; however, it is not 
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widely used because it is highly laborious and technically demanding318. Therefore, 

clinical laboratories mostly use ELISA for estimation of IgG measles antibody. 

ELISA has been reported to be more sensitive and specific than Heamagglutination 

inhibition test and complement fixation test. However, it is less sensitive than PRNT. 

WHO has prepared an international reference antiserum (66/202), in collaboration 

with NIBSC, to serve as control in laboratory assays for measles immunity 

evaluation.344 A 255mIU/ml concentration of the antiserum is equal to > 120 PRN 

titer.321 It is therefore possible to extrapolate the OD values obtained in ELISA to 

PRN titers using the WHO serum (66/202) as the reference standard.  Therefore, in 

the present study measles immunity was measured after a second dose of 

measles vaccine by measles IgG ELISA among the children aged 1 – 5 years.  
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MATERIALS AND METHODS 

 

4.  MATERIALS 

Analytical, tissue culture and molecular grade fine chemicals used in this study were 

obtained from following firms – Sigma chemical company, St.Louis, USA, GIBCO 

BRL, Life technologies, USA, SRL India, and Hi Media. 

Enzymes, dNTP mixes, molecular weight marker, random hexamers and primers 

were obtained from GIBCO BRL. Viral RNA extraction kit was procured from Au 

prep.   

4.1 MATERIALS REQUIRED FOR - SEROLOGICAL CONFIRMATION 

OF CLINICALLY SUSPECTED MEASLES OUTBREAKS / CASES: 

4.1.1 Materials Required For Blood Sample Collection: Surgical spirit, sterile 

cotton, 5ml syringes, Tourniquet, Band aid, 5 ml poly propylene externally threaded 

screw capped storage vials, and Vaccine carrier with frozen ice packs. 

4.1.2 Materials Required For IgM ELISA 

 In this study, Measles and Rubella IgM kit from Dade Behring, Enzygnost, 

Germany was used. 

Measles IgM ELISA kit (Dade Behring) 

♦ Contents of the kits: 

 Enzygnost Anti – Measles virus/ IgM test plate: Micro titration plates were 

coated as follows -Wells in the odd rows strip are coated with inactivated 

measles virus antigen derived from permanent simian kidney cells infected with 
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measles virus and the wells in the even rows are coated with non infected cells 

(control antigen). 

 Anti – human IgM/POD conjugate: Goat antibodies to human IgM conjugated 

with peroxidase, contained in 0.05 molar Tris/ HCL buffer solution, pH 7.2 with 

0.5% polygeline. The conjugate is coloured red. 

 Conjugate buffer: 37mg of EDTA in a liter of 0.01 molar phosphate buffered 

solution, pH 7.2 with approx 2% Tetronic and approx 1% BSA. 

 Anti – Measles virus reference P/P: Human serum containing IgG antibodies to 

measles virus antigens together with rheumatoid factors (RF) in Tris buffer 

solution (20mmol/L), pH 7.4, with approx. 60% Humanalbin (5%). 

Preservatives: approx. 5mg/L Amphotericin B and approx. 100mg/L gentamicin. 

 Anti – measles virus reference P/N: Human serum containing IgG antibodies to 

measles virus antigens, contained in Tris buffer solution (20mmol/L), pH7.4 

with approx 60% Humanalbin.  

 Sample buffer POD: 0.3 molar Tris/HCL buffer solution, pH 8.0 – 8.2 with 

approx 0.1% Tween 20. 

 RF absorbent (lyophilized): sheep antibodies directed against human IgG Fc 

fragment, in phosphate – buffered (10mmol/L) pH 7.2 sodium chloride (8.2g/L) 

solution. Preservative: sodium azide (max 0.4g/L). 
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Rubella IgM ELISA (Dade Behring) 

♦ Contents of the kit 

 Enzygnost Anti – Rubella virus/ IgM test plate: Micro titration plates were 

coated as follows. Wells in the odd rows strip are coated with rubella virus 

antigen derived from baby hamster kidney cell cultures (BHK 21) infected with 

rubella virus and the wells in the even rows are coated with non infected cells 

(control antigen). 

 Anti – rubella virus reference P/P: Human serum containing IgG antibodies to 

rubella virus antigens in combination with rheumatoid factors (RF), contained in 

Tris buffer solution (20mmol/L), pH 7.4, with approx. 60% Humanalbin (5%). 

Preservatives: approx. 5mg/L Amphotericin B and approx. 100mg/L gentamicin. 

 Anti – rubella virus reference P/N: Human serum containing IgG antibodies to 

rubella virus antigens, contained in Tris buffer solution (20mmol/L), pH 7.4 with 

approx 60% Humanalbin. Preservatives: approx. 5mg/L Amphotericin B and 

approx. 100mg/L gentamicin. 

 Anti – human IgM/POD conjugate: Goat antibodies to human IgM conjugated 

with peroxidase, contained in 0.05 molar Tris/ HCL buffer solution, pH 7.2 with 

0.5% polygeline. The conjugate is coloured red. 

 Conjugate buffer: 37mg of EDTA in a liter of 0.01 molar phosphate buffered 

solution, pH 7.2 with approx 2% Tetronic and approx 1% BSA. 

 Sample buffer POD: 0.3 molar Tris/HCL buffer solution, pH 8.0 – 8.2 with 

approx 0.1% Tween 20, approximately 1% polygeline and approximately 5% 

boviserin. Preservatives: approx. 5mg/L Amphotericin B and approx. 100mg/L 

gentamicin. 
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 RF absorbent (lyophilized): sheep antibodies directed against human IgG Fc 

fragment, in phosphate – buffered (10mmol/L) pH 7.2 sodium chloride (8.2g/L) 

solution. Preservative: sodium azide (max 0.4g/L). 

Supplementary kit required for Measles & Rubella IgM ELISA (Dade Behring) 

♦ Contents of the kit: 

 Blue colour solution   – to be used for dilution buffer preparation. 

 Washing solution POD - 20x concentrated; to be diluted during test. 

 Chromogen TMB   – to be used for substrate preparation. 

 Buffer TMB   - to be used for substrate preparation. 

 Stopping solution POD - to stop the substrate reaction. 

Note: The supplementary kit contents are common reagents for both measles and 

rubella IgM ELISA kits. 
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4.2 MATERIALS REQUIRED FOR - ISOLATION OF MEASLES VIRUS 

& CONFIRMATION BY IMMUNOFLUROSCENCE ASSAY 

4.2.1 Cell Lines Used In the Study 

VERO (African green monkey kidney cells) cell line was obtained from National 

Center for Cell sciences, Pune, India.  

B95a cell line (An Epstein – bar virus – transformed - Marmoset B Lymphoblastoid) 

was obtained from Centers for Disease Control and Prevention, Atlanta, USA. 

Vero/hSLAM (Vero cell line transfected with plasmid coding for human signaling 

lymphocyte activation molecule) cell line was obtained from Kyushu University, 

Tokyo, Japan and Centers for Disease Control and Prevention, Atlanta, USA. 

4.2.2 Chemicals / Ingredients for Tissue Culture Work 

Penicillin and Streptomycin: (Conc. 100IU of penicillin and 100µg of streptomycin) 

SIGMA – Cat. No. P – 3539. 

 1 x 106 units and 1 gram of streptomycin sulfate was dissolved in 100ml of 

sterile distilled water, aliquoted and stored at -200C.  

Kanamycin Acid Sulphate (Conc. 20mcg/ml) Gibco BRL Cat. NO: 11815-024 

 5gm of Kanamycin was dissolved in 50ml of sterile double distilled water and 

mixed well. From this 10ml of concentrated solution was added to 40ml of 

sterile distilled water, mixed well and aliquoted in vials. All the concentrated 

bulk solutions and diluted vials were stored at -200C. 

Fungizone: Amphotericin B – Gibco BRL: Cat.No: 15290-018 

 The Amphotericin B was procured as 250mcg / ml concentration from GIBCO 

BRL. This was aliquoted and stored at -20°C.  
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L-Glutamine: 3% - 200ml SIGMA G - 8540 

 6 grams of L-Glutamine was dissolved in 200ml of sterile double distilled water, 

filtered through 0.22 micron membrane (Millipore) and distributed as 5ml in 

polypropylene vial and stored at -200C. 

7.5% Sodium-bi-carbonate solution: 200ml SIGMA – S - 5761 (7.5% Bicarbonate): 

 22.5 grams of sodium bicarbonate was dissolved in 300ml of sterile double 

distilled water, filtered through Whatmann filter paper no 4 and autoclaved. It 

was stored at +40C, upon cooling the contents. 

Fetal Bovine Serum: 500ml Gibco BRL C.No.10082-147  

 The serum bottle was thawed to room temperature and observed if any 

floating particles were seen and filtered through Seitz filter if particles were 

visible. The filtered serum was distributed to small volume and stored at -

200C.  

2% Trypsin: 100ml (Sigma T 4799: 1:250) 

 2grams of trypsin was mixed in 100ml of sterile double distilled water and 

dissolved well by use of magnetic stirrer for ½ hour. The content was 

sterilized through 0.22micron filter (Millipore) paper. 

PBS: 1000ml 

   Nacl    - 8gm 

 Kcl      - 0.2gm 

 Na2HPO4   - 2.88gm 

 KH2PO4     - 0.2gm 

 pH   - 7.4 
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 All the above chemicals were weighed accurately and dissolved in 1000ml 

sterile double distilled water. The contents were filtered through Whatmann 

filter paper no 4 and autoclaved.  

0.2% EDTA (Versene) A.R: Hi-Media C.No.RM 1016 

 200mg of EDTA was dissolved in 100ml of sterile double distilled water and 

autoclaved. 

10% Glucose A.R - 10ml 

 1gm of glucose was dissolved in 10ml of sterile double distilled water, 

filtered through Whatmann filter paper and autoclaved. 

Bovine albumin (2%): 

 2 grams of bovine albumin was dissolved and mixed well in 100ml of sterile 

double distilled water. 

Phenol Red (0.4%) – SIGMA. Cat No. P 5530 

0.04 grams of Phenol red was dissolved in 10ml of double distilled water and 

sterilized by autoclaving.  

0.1% Trypan Blue for cell counting:  

 0.1gm of trypan blue was dissolved in 100ml of phosphate buffered saline 

and filtered through Whatmann filter paper No.4 and stored at +40C.   

1M HEPES buffer:- 

 26.0grams of HEPES buffer was dissolved in 100ml of sterile distilled water 

and sterilized by autoclaving. 



 84

4.2.3 Preparation of Working Solutions  

TPVG– 1000ml 

 PBS    - 840 ml 

 2% Trypsin   - 50ml 

 0.2% EDTA  - 100ml 

 10% Glucose   - 5ml 

 P&S   - 5ml 

All the ingredients were mixed well; pH adjusted to 7.4 by 0.1N HCL or 0.1N 

NaOH. The contents were aliquoted and stored at -200C. 

Viral Transport Medium 

10ml of Hanks’ Basal Salt solution (10X) (commercially available ready made 

solution) was added to 80ml of sterile double distilled water, in which 10ml of 2% 

bovine albumin was added and mixed well. This was followed by the addition of 

1ml of Penicillin/streptomycin and 0.2ml of phenol red solution; contents were 

sterilized by filtration through 0.2µ filter (Sartorius). 

Minimal Essential Media Preparation (for Vero cell line) 

Ingredients        10%Media         2% Media 

MEM (SIGMA)     851ml       931ml 

P & S (100 IU of penicillin 100µg of streptomycin) 1 ml   1 ml 

Kanamycin (20mcg/ml)    1 ml   1 ml 

Fungizone (20mcg/ml)    1 ml   1 ml 

3% L-Glutamine     10ml   10ml 

Foetal Calf Serum     100ml   20ml 

7.5%Sodium bicarbonate    30ml   30ml 

Hepes buffer (IM)     5ml   5ml 

Phenol red (0.4%)     1 ml   1 ml 

Total volume      1000ml  1000ml 

All the ingredients were mixed well, aliquoted in 100 ml volume and stored at +4oC. 
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Dulbeco Minimal essential media (for B95a cell line) 

Dulbecco’s Minimum Essential Medium (containing 4,500mg/L-D glucose and L-

glutamine without sodium pyruvate) was procured from GIBCO – BRL (Cat No. 

41965 – 039).  

Ingredients          10% Media        2% Media 

DMEM       450ml  490ml 

Fetal Calf serum      50ml  10ml 

P & S (100IU of penicillin and streptomycin)  1ml  1ml 

All the reagents were mixed well, aliquoted in 50 or 100ml volume and stored in the 

refrigerator.  

Minimal Essential Media with Geneticin (for Vero/hSLAM cell line) 

Ingredients            10%Media         2% Media 

MEM (GIBCO)      445ml       485ml 

Fetal Calf serum      50ml        10ml 

Geneticin (50mg/ml)      4ml        4ml 

P & S (100 IU of penicillin 100µg of streptomycin)  1 ml        1 ml 

Total        500ml       500ml 

All the ingredients were mixed well, aliquoted in 50/100 ml volume and stored in 

the refrigerator.  
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Freezing Media (FM) for Vero, Vero/hSLAM and B95a  

Ingredients FM for VERO 
FM for Vero/ 

hSLAM 
FM for B95a 

DMSO 10 10 15 

Fetal Calf Serum 10 10 30 

MEM 80 ml -- -- 

DMEM -- -- 55 ml 

MEM with Geneticin -- 80 ml -- 
 

The ingredients were mixed well, aliquoted as 5ml and stored at -200C. 

4.2.4. Materials Required For Collection Of Samples For Virus Detection 

Urine 

 Sterile wide mouth disposable container (Uricol, Hi media) 

Throat swab 

 Sterile throat swabs 

 2ml of viral transport medium in sterile screw cap tubes. 

4.2.5 Materials Required for Virus Isolation 

 Confluent monolayer cell culture flask and/or tube. 

 1 and 10 ml pipettes. 

 MEM containing 2% Fetal calf serum, DMEM containing 2%Fetal calf 

serum and MEM containing Geneticin (50mg/ml) and 2% Fetal calf 

serum for using Vero, B95a and Vero/hSLAM cell line, respectively. 
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4.2.6 Materials Required for Immunofluorescence 

Immunofluorescence kit was obtained from Chemicon international, Temecula, CA 

(Cat No: 3187). 

Contents of the kit 

 Monoclonal antibodies 

 PBS-Tween buffer 

 Anti – mouse IgG/FITC conjugate  

 Mounting fluid 

 Cell scraper  

 Chamber slide  

 Acetone 

 Incubator 

 Cove slip 
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4.3 MATERIALS REQUIRED FOR - GENOMIC SEQUENCING OF 

MEASLES ISOLATES 

4.3.1. Requirements for RNA Extraction 

RNA extraction kit was procured from Au Prep (Life technologies (India) Private 

Ltd.  

Contents of the kits 

 RX buffer 

 WF buffer 

 WS buffer 

 RNase free distilled water 

 Total RNA mini columns (RNase –free) 

 Collection tubes (RNase free) 

 1.5ml elution tubes (RNase free) 

4.3.2 Requirements for RT-PCR 

In the study, two RT- PCR protocols (provided by Health Protection Agency, 

London345 and Centers for Disease Control and prevention, Atlanta346) were 

employed.   

Consumables required for PCR 

 0.2ml PCR tubes. 

 Pipettors (l-10, 20, 200, 1000). 

 Gloves (powder free)  

 1.5ml micro tubes (nuclease free) 

 0.6ml micro tubes (nuclease free) 

 Filter barrier  tips (p10 to p1000) 

 Gel casting tray 
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 Electrophoresis chamber with power supply 

 Molecular weight marker (100-1000 bp DNA ladder). 

 Agarose 

Requirements for RT- PCR (Health Protection Agency protocol) 

 For Reverse transcription:- 

 10X PCR buffer 

 50mM MgCl2 

 10mM dNTP mix 

 Random hexamer mix 

 Rnasin 40u/µl 

 M-MLV reverse transcriptase 

 For Polymerase Chain Reaction:- 

 Taq DNA Polymerase  

 10x Taq buffer 

 Primer ‘n1’ 5’GCTATGCCATGGGAGTAGGA 3’ (n552 – 1) 

 Primer ‘n2R’ 5’GGCCTCTCGCACCTAGTCTA 3’ (n552 – 2) 

 Primer ‘n3’ 5’ CCATGGGAGTAGGAGTGG 3’  (n552 – 3) 

 Primer ‘n4R’ 5’ CTCTCGCACCTAGTCTAG 3’ (n 552 – 4) 

 MgCl2 (50mM) 

 dNTPs (10mM) 

 Diethyl pyrocarbonate (DEPC ) treated distilled water 

Requirements for RT-PCR (Centers for Disease control and prevention, 

Atlanta / National Institute of Virology, Pune protocol): 

 One step RT-PCR Superscript Kit ( Invitrogen Cat# CAT# 10928-042) – 

2X superscript Reaction mix, 5mM MgSo4, Superscript enzyme)  
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N gene primer 

 Primer 1- M-60 - GCT ATG CCA TGG GAG TAG GAG TGG 

 Primer 2- M- 63-3 CTG GCC CTC GGC CTC TCG CAC 

H gene primer 

 Primer 1 – MV-300- TCA TCC ACA ATG TCA CCA CAA C 

 Primer 2 – MV- 301- GAG ATT GGT  TCA CTA GCA GCC 

 RNase Inhibitor 

4.3.3  Materials required for genomic sequencing 

 QIA quick PCR purification kit (QIAGEN). 

 ABI PRISM Big Dye Terminator V3.1 cycle sequencing kit. 

 Princeton separation (Centrisep). 

 Hi-diformamide (ABI). 

 ABI PRISM 310. 

4.3.4 Reagents and Buffers Required For PCR and Electrophoresis 

0.5 M EDTA 

 18.61 grams of EDTA was dissolved in 80ml of sterile double distilled water. 

The pH of the solution was adjusted to 8.5 with sodium hydroxide pellets; while 

adjusting the pH, it was mixed intermittently to dissolve completely. Once 

completely dissolved, the volume was made up to 100ml. 

30% Glycerol 

 30ml of glycerol was added into 70ml of sterile double distilled water and 

mixed well. 



 91

5Х Tris Boric EDTA (TBE) buffer 

 Tris 54 grams and boric acid 27.5grams were weighed accurately and 

dissolved in 750ml of sterile double distilled water, to which 20ml of 0.5M 

EDTA was added and the volume was made up to 1000ml. 

6Х Loading dye 

 25mg of bromophenol blue and xylene cyanole was dissolved in 10ml of 

30% glycerol and stored in refrigerator. 

Ethidium bromide (Stock – 10mg / ml) 

 10mg of Ethidium bromide was dissolved in 1 ml of sterile double distilled 

water and stored in amber bottle in refrigerator. 

Diethyl pyrocarbonate (DEPC) treated water preparation 

 250µl of DEPC was added into 250ml of sterile double distilled water, mixed 

well for 1 hour using magnetic stirrer and aliquoted, stored in refrigerator. 

70% Ethanol preparation 

 70ml of absolute alcohol was mixed well with 30ml of sterile distilled water 

and stored in refrigerator. 
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4.4 MATERIALS REQUIRED FOR SERO SURVEY FOR ESTIMATING 

SERO CONVERSION AFTER A SECOND DOSE OF MEASLES 

CONTAINING VACCINE 

4.4.1 Materials Required for Blood Samples Collection: Refer 5.1.1 

4.4.2 IgG ELISA Euro Immune  Kit 

Contents of the test kits 

 Micro plate wells – coated with measles antigens 

 Calibrator 1  - 5000mIU/ml (IgG human) ready to use 

 Calibrator 2  - 250mIU/ml (IgG human), ready to use. 

 Calibrator 3   - 50mIU/ml (IgG human), ready to use. 

 (The calibrator is international reference serum NIBSC 66/202 (Anti 

measles and Anti – polio virus serum, National Institute of Biological 

standards and control, Hertfordshire, England).   

 Positive control   - Human IgG, ready to use. 

 Negative control   - Human IgG, ready to use. 

 Enzyme conjugate - peroxidase – labeled anti human IgG (rabbit), ready 

to use. 

 Sample buffer   - ready to use. 

 Wash buffer   - 10x concentrate 

 Chromogen / substrate solution  – TMB/H2O2, ready to use.    

 Stop solution   - 0.5M sulphuric acid, ready to use. 
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4.5 EQUIPMENTS REQUIRED AND USED IN THE STUDY 

 Name        Manufacturer 

♦ Inverted microscope    - Nikon 

♦ Immunofluorescence microscope  - Nikon 

♦ ELISA reader & washer   - Thermo lab systems 

♦ Centrifuge     - Eppendorf and Remi 

♦ CO2 Incubator    - Sanyo 

♦ Incubator     - Binder 

♦ Vortex mixer    - Thermolyne 

♦ Micropipettes     - Gilson / Finn Pipette 

♦ Thermocycler    - Perkin Elmer (2400) 

♦ Gel documentation system   - Alpha imager 
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METHODS 

 

4.6 SEROLOGICAL CONFIRMATION OF CLINICALLY SUSPECTED 

MEASLES CASES 

4.6.1 Blood Collection & Serum Separation 

Blood samples were collected from five to ten cases from among the total cases in 

an outbreak; cases were selected at random. From each patient, approximately five 

ml of blood was collected by vein puncture and allowed to clot at room temperature 

in slanting position for 30 minutes. Then the samples were transported to the 

laboratory in cold chain (Vaccine carrier with frozen ice packs). On receipt in the 

Laboratory the blood samples were checked for quality, quantity and details verified 

with the Lab request form. Samples were centrifuged at 140G for 10 minutes at 4°C; 

separated sera was transferred into 1.8ml storage vials, appropriately labeled and 

stored at +40C. On completion of the assay, sera were stored at –20°C.  

WHO testing strategy adopted: All samples were tested for Measles specific IgM.  

Measles negative samples were tested for Rubella specific IgM (Figure 4.1).  

Figure 4.1: This describes testing algorithm for measles and rubella IgM 

ELISA for serological confirmation of suspected measles outbreaks / cases 
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4.6.2 Detection of Measles and Rubella IgM by Dade Behring ELISA Kit: (Kit 

instructions were followed) 

Procedures, validation and interpretation for measles and rubella IgM ELISA using 

the kits from Dade Behring are same.  

1. 3.5ml of sample buffer POD was mixed with 175µl of blue colour solution 

and vortexed well. 

2. 20µl of serum samples as well as the Anti measles virus Reference P/P and 

P/N were mixed with 400µl of blue coloured sample buffer POD and 

vortexed well. Two vials of anti measles virus reference P/P was prepared. 

3. One vial of lyophilized RF absorbent was reconstituted with 5ml of sterile 

double distilled water.  

4. 200µl of diluted samples mixed with 200µl of RF absorbent was vortexed 

and incubated at room temperature for 15 minutes. (Anti measles virus 

Reference P/P and P/N were not diluted with RF absorbent). 

5. After 15 minutes incubation, 150µl of the diluted samples and controls (Anti 

measles virus Reference P/P and P/N) were added to both antigen coated 

well as well as in control wells. Then, the microtiter plate was incubated at 

370C for 1 hour. 

At the end of the step: The conjugate and wash solution is prepared as per the 

requirement, 

 50µl conjugate was diluted with 2.5ml conjugate dilution buffer. 

 20ml of concentrated wash solution was diluted with 380ml of sterile 

double distilled water.  

6. The microtiter wells were washed four times using automatic ELISA washer 

(Thermo electron).  
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7. 100µl of diluted anti human IgM conjugate was added to all the wells and 

incubated at 370C for 1 hour. 

At the end of this step, 200µl of chromogen TMB was added into 1.8ml of buffer 

substrate and mixed well. 

8. After one hour incubation, the microtiter wells were washed four times.  

9. 100µl of prepared substrate was added to all the wells and incubated for 30 

minutes at room temperature. 

10. After 30 minutes, 100µl of stop solution was added to all the wells. Intensity 

of the color was measured by ELISA reader at 450nm. 

Determining the results 

The assay was validated and interpreted according to the manufacture’s instructions.  

Validity of the assay 

 The delta OD of the negative control (P/N) must be <0.100 

 The delta OD of each positive controls (P/P1 and P/P2) must be >0.200 

 The delta OD of the positive controls (P/P1 and P/P2) must be within the 

upper and lower specified margins (according to the lot/batch number of the 

kits). 

 The delta OD of the each of the P/Ps must not deviate from the mean of both 

P/Ps by more than 20%. 

Interpretation of results: 

 Specific IgM positive - >0.200 

 Specific IgM Negative -<0.100 

 Specific equivocal  -≥0.100 and ≤0.200 
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4.7 ISOLATION OF MEASLES VIRUS & CONFIRMATION BY 

IMMUNOFLUROSCENCE ASSAY 

4.7.1 Sample Collection (Throat Swab & Urine) 

4 - 5 Throat swab and/or Urine samples were collected from representative 

outbreaks and sporadic cases to represent the entire state of Tamil Nadu.  

Throat swab 

Throat swabs transported to the laboratory in viral transport medium in cold chain 

were first vortexed, the cotton swabs squeezed on the wall of the tube and collected 

fluid was stored at -850C until they were tested. 

Urine 

Urine sample was collected in a sterile screw cap container. The samples were 

transported to the laboratory in cold chain. Urine samples were centrifuged at 

4,000rpm for 10 minutes at 4°C; the supernatant was discarded and the sediment 

was resuspended in MEM containing 2 % FCS, stored at - 85°C.  

4.7.2  Maintenance of Cell Lines 

Vero, Vero/hSLAM and B95a: Cell lines were grown and maintained in 25cm2 

flasks with MEM.  

Requirement Vero Vero/hSLAM B95a 

Growth media 10% FCS in 
MEM 

10% FCS in MEM with 
Geneticin. 

10% FCS in 
DMEM 

Maintenance media 2% FCS in 
MEM 

2% FCS in MEM with 
Geneticin 

2% FCS in 
DMEM 

Cell concentration 
for seeding flasks / 
split ration 

1.8x106 Split ratio 1:4 Split ratio: 1:4 
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Sub culture 

 Flask with healthy monolayer was selected 

 First the growth medium was decanted and the cell monolayer was rinsed with 

3 ml of PBS. 

 Five ml of TPVG solution was added to the flask and laid down for 2 - 3 

minutes; TPVG was decanted and the flask was incubated at in an incubator 

until the monolayer detached from the surface of the flask (usually 3-

4minutes). 

 Once the cells detached, 5ml of growth medium was added to the flask and the 

cells were aspirated few times using 5ml pipette to break up the cell clumps. 

 Initial cell concentration (for Vero) was measured by using haemocytometer 

(Initial cell concentration was not determined for Vero/hSLAM and B95a cell 

lines):  

♦ Cell counting: 

 Two hundred microliter of cell suspension was mixed with equal volume of 

0.1% of trypan blue, mixed well; haemocytometer was charged with this cell 

suspension. 

 The number of cells were counted in the four corners of the chambers 

Formula:   C1=t x tb x ¼  x 104  

Where, C1= Initial cell concentration per ml 

  t = total viable cell count of 4 corner squares, 

  tb=correction for the trypan blue dilution, 

  ¼=correction to give mean cells per corner square, 

  104= conversion factor for counting chamber 
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Preparation of cell culture flasks 

Once the initial cell concentration was determined, the cell concentration was 

adjusted with growth medium as per the requirements.  

 For the preparation of fresh 25cm2 cell culture flasks, 1.8Х 106cells /ml 

concentration was seeded. 

 For the preparation of B95a and Vero/hSLAM cell culture flasks, 5ml of cell 

suspension from a flask was split into 4 fresh flasks. Vented flasks were used 

for B95a cell line and incubated in 5% Co2 environment. 

Cell stock preparation 

 Low passage, healthy mono layer cell culture flasks were selected for cell 

stock preparation. 

 Five ml of cell suspension was prepared as described in section 4.7.2 

 Cell suspension was transferred into centrifuge tube and centrifuged at 

1,500rpm for 10 minutes. 

 The supernatant was then discarded and the cells were resuspended in 2ml of 

minimal essential medium containing 10% FCS and DMSO.  

 The cell concentration (Vero) was determined by cell counting and adjusted 

to contain 2.5Х106/ml. 

 B95a and Vero/hSLAM cell lines were maintained in 75cm2 flasks and five 

ml of cell suspension was prepared as described above using respective 

freezing media (as described in section 4.2.3).  

 1ml of cell suspension was transferred into sterile 1.8ml cryo vials and kept 

in freezing container containing Isopropyl alcohol; the container was placed 

in -800C. On the following day, the vials were transferred into liquid nitrogen 

cylinder. 
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4.7.3 Virus Isolation 

Virus isolation in Vero and Vero/hSLAM cell lines 

Primary inoculation:- 

 Virus isolation was performed in 25cm2 tissue culture flasks 

 Flasks with healthy, 75 – 85% confluent cell monolayer were selected. 

 Growth medium was decanted and replenished with 9 ml of respective 

maintenance medium. 

 500µl of processed clinical samples (urine and throat swab) were inoculated 

into corresponding flasks, followed by incubated at 370C  

 The flasks were observed daily for 7 days to observe appearance of 

cytopathic effect (CPE). During the observation period, the medium was 

changed if found too acidic. 

 CPE negative flasks were frozen on the seventh day of post inoculation and 

passaged two more times before concluding as negative. 

Virus isolation in B95a cell line 

 Procedure followed for inoculation of sample is the same as for Vero 

outlined in 4.7.3 except that vented flasks are used and slight procedural 

difference in repassage of infected cells as under.  

 On the 7th day of post inoculation, blind passage was performed, if the 

sample was negative. The maintenance medium from the inoculated flask 

was transferred into centrifuge tube, then the cells were collected by 

trypsinization as done for subculture and the cells were transferred into 

centrifuge tube contain maintenance medium and centrifuged. 
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 Following centrifugation the medium was discarded. Cell suspension was 

prepared with 5ml of fresh growth medium. 

  The prepared cell suspension was seeded into two fresh flasks and incubated 

for 7 days. 

 Blind passage was repeated twice before concluding as negative. 

 CPE positive cultures were allowed to develop to >3+ and the cells were 

scrapped using cell scraper. The cell suspension was aliquoted in two vials: 

one used for IF and second aliquot stored at -850C.  

4.8 CONFIRMATION OF THE ISOLATES BY IMMUNOFLUORESCENCE 

 1ml of cell suspension was transferred to micro centrifuge tube and 

centrifuged at 1,500rpm for 10 minutes at 40C. 

 Following centrifugation, the supernatant was discarded and the cell pellet 

was resuspended in 100µl of PBS. 

 15µl of cell suspension was spread in to a chamber slide. Like wise, 

uninfected cell control was also prepared and spread in to another chamber 

of the same slide. The slide was allowed to air dry. 

 Once air dried, the slide was dipped into ice cold 80% acetone for 1 minute, 

subsequently allowed to air dry. 

 One drop of monoclonal antibodies was added on to the test and control 

chambers, placed on a petri plate containing wet towel and incubated at 370C 

for 1 hour. 

 The slide was washed with PBS-Tween buffer for 15 – 20 seconds and the 

excess buffer blotted with dry tissue paper. 
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 One drop of anti mouse IgG/FITC conjugate was added to the cell spots and 

incubated at 370C for 30 minutes as described for monoclonal antibody 

addition. 

 The slide was washed with PBS-Tween and dried with tissue. 

 One drop of mounting fluid was added to each chamber and covered with 

cover slip and observed under fluorescence microscope. 

4.9 GENOMIC SEQUENCING OF MEASLES ISOLATES 

PCR was done for all the isolates and sequencing was done at virus reference 

centre, Immunization and diagnostic unit, Health protection agency, UK in 2003, at 

Measles division of National Institute of Virology Pune in 2004, 2006 and 2007 and 

at CDC, Atlanta in 2005. 

4.9.1  RNA Extraction 

RX buffer preparation 

 360µl of β-mercaptoethanol (β-ME) was added into 36ml of RX buffer. 

Protocol 

 250µl of cell culture fluid was transferred into sterile micro centrifuge tube, 

in which 350µl of RX buffer (β-ME) was added and vortexed well. 

 The content was centrifuged at 10,000 rpm for 5 minutes; supernatant was 

transferred into fresh micro centrifuge, in which equal volume of 70% 

ethanol was added and mixed well by vortexing. 

 Total RNA mini column was placed in collection tube and 700µl of ethanol 

treated sample was added and centrifuged at 10,000 rpm for 60 seconds.  
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 The RNA mini column was washed twice with WF buffer by quick 

centrifugation for 30 – 60 seconds. Following two washes, the column is 

centrifuged at 10,000rpm for 3 minutes to remove residual ethanol. 

 The column was placed onto a 1.8ml of elution tube and 50µl of RNase free 

distilled water was added onto the center of the column. Then allowed for 1 

minute, subsequently centrifuged for 2 minutes. The eluted RNA was stored 

at -700C. 

4.9.2 Methodology for RT-PCR using HPA protocol 

4.9.2.a Reverse Transcription (cDNA Synthesis) 

 In a 1.8ml of micro centrifuge tube, for one sample, 10µl of 10X PCR buffer, 

3µl of 50mM MgCl2, 2 µl of dNTP, 1µl of random hexamer, 1 µl of RNasin, 

2 µl of RT and 41 µl of nuclease free distilled water were added and mixed 

well. Volume of the ingredients was multiplied according to the number of 

samples tested. 

 40 µl of RNA was added into appropriate tubes and incubated for 10 minutes 

at room temperature followed by incubation at 370C for 45 minutes in 

Thermocycler; subsequently the temperature was maintained at 950C for 5 

minutes and then placed on ice for 10 minutes. 

4.9.2.b Nested - Polymerase Chain Reaction Is Performed as a Two Step 

Amplification 

1st round amplification 

 Preparation of “Master Mix” in a microfuge tube for single sample (the 

volume was multiplied according to the samples and controls). 
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5µl of 10X PCR buffer, 1.5 µl of 50mM MgCl2, each 1µl of primer “n1” and 

“n2R” ( 10pmol concentration), 1µl of dNTP, 0.3 µl of Taq DNA 

polymerase and 20.17 of distilled water. 

  30µl of master mix was added to PCR tube, in which 20µl of cDNA 

prepared in step 5.9.2 was added and incubated in Thermocycler for 

amplification. 

 The cycling conditions: 

950C for 3 minutes, 950C for 30 seconds (denaturation), 570C for 30 seconds 

(annealing) and 720C for 60 seconds (extension) for 10 cycles. Followed by, 

950C for 30 seconds (denaturation), 570C for 30 seconds (annealing) and 

720C for 65 seconds (extension) for 20 cycles. Once all the cycles were 

completed additional / final extension was given for 7 minutes. The cycling 

condition is depicted in Figure 4.2.  

2nd round amplification  

 For single sample, in a microfuge tube,  5µl of 10X PCR buffer, 1.5µl of 

50mM MgCl2, each 1µl of primer “n3” and “n4” (25pmol concentration), 

1µl of 10mM dNTP mixture, 1µl of Taq DNA polymerase and 30.3µl of 

distilled water were mixed well.  

 40µl of mix was transferred to fresh PCR tube, in which 10µl of first round 

PCR product was added and placed in thermocylcer for amplification. The 

thermo cycling condition was same as for 1st round amplification.  
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Figure 4.2: This describes temperature profiles for reverse transcription 

reaction and polymerase chain reaction for measles. 

 

 

 

 

 

 

 

 

4.9.3   Electrophoresis 

 2grams of Agarose was dissolved in 100ml of 0.5xTBE buffer and melted 

using hotplate. Once completely melted, 2µl of Ethidium bromide was added 

and mixed completely. 

 The melted Agarose was poured on to the gel plate with comb and allowed 

for solidification for at least 1 hour. 

 After solidification the gel plate was kept in electrophoresis tank containing 

0.5x TBE buffer and comb was removed. 

 10µl of PCR product was mixed with 2µl of gel loading dye and loaded in to 

gel; the electrophoresis apparatus was run for 45 minutes. 
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 Once electrophoresis completed, the gel was visualized under UV 

trasnsilluminator and the image captured using gel documentation system. 

4.9.4 Methodology for RT-PCR and genomic sequencing using Centers for 

Disease Control and Prevention / National Institute of Virology 

protocols: This work was performed at measles section, National 

Institute of Virology, Pune. 

Single step RT-PCR using Superscript RT-PCR kit 

 PCR was performed in 50µl reaction volume.  

 For single sample, in a microfuge tube,  25µl of 2X superscript reaction mix, 

8µl of 5mM MgSO4, each 1µl of primer “60” and “63-3” (20uM 

concentration), 1µl of RNase inhibitor, 1µl of superscript enzyme, 3µl of 

nuclease free distilled water were mixed well. In which 10µl of extracted 

RNA was added and mixed well, followed by the reaction mix was kept at 

thermocycler and PCR was performed following reaction conditions  

(Figure 4.3).  

 Reverse transcription: RT – 550C for 30 minutes, followed by 940C for  

2 minutes.  

 PCR cycling condition: Denaturation: 940C for 15 seconds; annealing: 550C 

for 30 seconds; extension 720C for 30 seconds and final extension; 720C for 

7 minutes. 
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Figure 4.3 illustrates PCR cycling conditions for one step superscript PCR 

 

 Followed by the PCR products were subjected to electrophoresis on 1% 

Agarose gel in 1X TBE buffer.  

4.9.5  Methodology for genomic sequencing: 

 PCR products were purified using Mini elute PCR purification kit (Qiagen) 

and subjected to cycle sequencing using ABIPRISM Big Dye terminator 

V3.1 cycle sequencing kit. Post cycle sequencing purification was done 

using Princeton separation (Centrisep) and eluted DNA was dried in a 

vacuum centrifuge, resuspended in 20µl hi –diformamide and denatured at 

940C for 2 minutes and quenched on ice. Sequencing was performed on 

ABIPRISM 310 genetic analyzer.  
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4.10 SERO SURVEY TO ESTIMATE THE SERO CONVERSION AFTER 

A SECOND DOSE OF MEASLES CONTAINING VACCINE 

4.10.1 Study Sites  

The study was conducted in five blocks of five districts of Tamil Nadu, where MMR 

mass vaccination campaign was conducted by Integrated Child Development 

Scheme (ICDS), Tamil Nadu government. The selected health blocks were 

Annagrammam block of Cuddalore, Jeyamkondam block of Perambalur, Andipatti 

block of Theni, Kilpennathur block of Tiruvannamalai and Anaicut block of Vellore 

district (Figure 4.3).  

Figure 4. 3: Tamil Nadu map shows districts (Filled with color) and 

approximate location of places of blood sample collection for the sero survey. 

The inner India map highlights location of Tamil Nadu state. 
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In the health blocks selected, the Balwadi centers (children noon meal centres) 

formed a sampling frame; two Balwadi centers were chosen in each health block. 

Simple random sampling technique was used to select Balwadi in each health block.  

From the selected Balwadis, participants were selected randomly from the school 

attendance register children in the age group of 1 to 5 years who had received 

monovalent measles vaccine at 9th month through routine immunization and MMR 

through the mass campaigns were chosen from each block347. In all, 150 participants 

from 5 blocks were included (the participants referred to as “study group”); the 

control group was from an adjacent block where the second dose mass campaign 

was not conducted. The control group had received single dose monovalent vaccine 

in the routine immunization program at the 9th month (verified by immunization 

cards). Blood samples were collected from 150 individuals of the control group (30 

from each block). Blood samples from both groups (Control and Study) were 

collected one month after the catch up second dose. The samples were collected 

from both groups on the same day or next day.  

4.10.2 Selection Criteria 

♦ Inclusion criteria 

 Healthy individuals belonging to the appropriate age group. 

  Confirmed immunization history (Immunization card). 

 Individuals who have expressed their consent 

♦ Exclusion criteria 

 Individual suffering from chronic illness and/or unwell at the time 

of sample collection.                                                                                                 
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4.10.3 Blood Collection and Serum Separation 

Before the collection of sample, information regarding the study was explained to 

the parents and/or school teachers. Informed consent was obtained. 

Blood sample was collected by venepucture as described in 5.6.1. The sera were 

stored at –20°C till tested.  

4.10.4 Estimation of Measles IgG by ELISA (Euro immune) 

Sample dilution  

Ten microliter of serum samples were diluted with 1ml of dilution buffer and the 

contents were mixed well using vortex mixer. 

1. 100µl of calibrator 1, calibrator 2, calibrator 3, positive control and negative 

control, followed by test serum samples were added into micro wells. 

2. The micro titer plate was incubated at room temperature (+180C to + 250C) 

for 30 minutes. 

3. After 30 minutes, the wells were washed three times with wash buffer using 

automatic ELISA washer (Thermo electron). 

4.  100µl of enzyme conjugate was added into all the micro plate wells and 

incubated for 30 minutes at room temperature (+180C to + 250C). 

5. The wells were washed three times with wash buffer using automatic ELISA 

washer (Thermo electron). 

6. 100µl of chromogen / substrate solution was added into all the micro plate 

wells and incubated for 15 minutes at room temperature in dark background. 
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7. After 15 minutes of incubation, 100µl of stop solution was added to all the 

wells in the same order and speed as the substrate was added. 

8. The intensity of the color was measured at 450 nm using ELISA washer (Lab 

systems).  

Calculation 

The optical density (OD) of the calibrators was plotted on standard graph. As the 

concentrations of antibodies of the calibrators were known, concentrations in the 

samples were deduced by plotting the OD values on the curve. Samples with titer ≤ 

200mIU/ml and ≥ 250mIU/ml were considered as negative and positive respectively. 

Any sample that had a titer in between was considered equivocal. 
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RESULT 

Map of Tamil Nadu with Districts 

 

 

 

 

 

 

 

5.1 SEROLOGICAL CONFIRMATION OF CLINICALLY SUSPECTED 

MEASLES OUTBREAKS / CASES 

5.1.1 Epidemiology - distribution of suspected Measles Outbreaks (Table 5.1) 

During the study period between 2002 and 2007, 153 measles outbreaks and 105 

sporadic cases were investigated. Standard WHO measles case definition was 

followed to clinically diagnose the measles cases. The outbreaks were reported from 

28 out of 30 districts of Tamil Nadu state, India. No outbreak was reported from the 

districts of Nagapattinam and Theni during the study period (Table 5.1). Maximum 

number of outbreaks were reported from Vellore 24, (15.6%), followed by 

Virudhunagar 18 (11.7%) and Villupuram 14 (9.1%). One each from Kanyakumari, 

Karur, Nilagiri, Thanjavur and Thiruvarur. 
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5.1.2  Laboratory Confirmation of Outbreaks / Cases 

5.1.2.1 Clinical Samples collected: Blood, Urine and Throat swab: Table (5.2)  

Clinical samples from 1,022 suspected cases were collected (Table 5.2); Single 

samples were collected from 933 cases (blood - 828 cases, throat swabs - 12 cases 

and Urine - 93 cases) and multiple samples from 96 cases (blood and Throat swab – 

11 cases; blood and Urine – 35 cases; Throat swab and Urine – 18; blood and Throat 

swab and Urine – 25 samples (Table 5.3 and Figure 5.1). Blood samples were 

collected between 0 and 41 days after the onset of rash (mean 9.3). Throat swabs 

were collected between 0 and 11 days and urine 0 and 33 days. In all, 899 blood 

(797 from outbreak and 102 from sporadic), 66, throat swabs and 171 urine samples 

were collected.  
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5.1.2.2 Results Of Serological Confirmation 

Table 5.4: Result of Measles and Rubella IgM ELISA of all samples  

(Outbreaks and sporadic cases) 

Measles IgM results (%) Rubella IgM Results (%) 

Year 
No 

tested Positive Equivocal Negative No 
tested Positive Equivocal Negative 

2002 39 28 3 8 --- 

2003 59 48 2 9 9 2 1 6 

2004 140 108 9 23 23 9 1 13 

2005 218 175 15 28 28 1 2 25 

2006 198 161 9 28 28 6 0 22 

2007 245 181 5 59 59 14 1 44 

TOTAL 899 701 
(78) 43 (4.7) 154 

(17.1) 147 32 
(21.7) 5 (3.4) 110 (74.8) 

 

Measles and rubella results analysed individually; Measles - χ2 – 19.479; P = .035; 

Rubella - χ2 – 13.739; P = .089 

Totally, 899 sera were tested for the presence of measles specific / rubella specific 

IgM by the recommended algorithm of testing; 701 (78%) samples were positive for 

measles IgM, 43 (4.7%) were equivocal and 155 (17.2%) samples were negative  

(χ2 – 19.479; P = .035). The measles negative samples were subjected to rubella 

IgM ELISA, which revealed 32  samples (21.7%) were positive, 5(3.4%) were 

equivocal and 110 (74.8%) were negative for rubella IgM (χ2 – 13.739; P = .089) 

(Table 5.4).  

Among the 102 sporadic cases, 76 cases were confirmed as measles, 2 rubella and 

24 negative for both.  
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Table 5.5: Serological Confirmation of Samples Collected From Suspected 

Outbreaks 

Measles IgM results (%) Rubella IgM Results (%) 

Year 
No 

tested Positive Equivocal Negative No 
tested Positive Equivocal Negative 

2002 39 28 3 (7.7) 8 (20.5) ---- 

2003 58 47 2 (3.4) 9 (15.5) 9 2(22.2) 1(11/1) 
6 

(66.7) 

2004 123 95 9(7.3) 19 (15.4) 19 8 (42.1) 1(5.3) 10 (52.6) 

2005 207 175 15 (7.2) 25 (12.1) 25 - 2 (8) 23 (92) 

2006 194 157 9 (4.6) 28 (14.1) 28 6 (21.4)  22 (78.6) 

2007 176 131 5 (2.8) 40 (22.7) 40 14 (35) 1 (2.5) 25 (62.5) 

TOTAL 797 625 
(78.4%) 43 (5.4) 129 

(16.2) 121 30 
(24.8) 5 (4.1) 86 (71) 

 

Of the 797 serum samples collected from the outbreaks, 78.4% of the samples were 

positive, 5.4% equivocal and 16.2% negative for measles IgM. The measles negative 

samples were tested for rubella, 24.8% were positive for rubella IgM, 4.1% 

equivocal  and 71% of the samples were negative for rubella (Table 5.5).  

Based on the result, 131 (85.6%) outbreaks were confirmed as measles, 4 (2.6%) as 

rubella, 16 (10.4%) as mixed (when there is at least one lab confirmed measles case 

and one lab confirmed rubella case from 5 cases investigated from the same 

outbreak). (χ2 – 13.1391; P = 0.1564) (Table 5.6) 
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Table 5.6: Serological confirmation of suspected measles outbreaks 

Laboratory confirmation (%) 

Year No of 
Outbreaks 

Measles Rubella Measles & 
Rubella 

Negative for 
both 

2002 3 3 -- -- -- 

2003 8 6(75) 0 2(25) 0 

2004 19 14(73.7) 1(5.3) 4(21.1) 0 

2005 46 42(91.3) 0 3(6.5) 1 

2006 41 36(87.8) 1(2.4) 3(7.3) 1(2.4) 

2007 36 30(83.3) 2(5.6) 4(11.1) 0 

Total 153 131(85.6) 4(2.6) 16(10.5) 2(1.3) 
 

χ2 – 13.1391; P = 0.1564 

District wise analysis of laboratory confirmed out breaks 

Measles was confirmed in 27 out of 28 districts that reported the outbreaks and none 

from Kanyakumari district (single outbreak reported from Kanyakumari in 2007 was 

confirmed as rubella). Rubella outbreaks were confirmed from 3 districts 

(Kanyakumari, Vellore and Villupuram). Mixed outbreaks were confirmed from 10 

districts (Coimbatore, Dharmapuri, Erode, Perambalur, Tirunelveli, Tiruvannamalai, 

Tuticorin, Vellore, Villupuram and Virudhunagar). Two outbreaks from two districts 

(Cuddalore and Ramanathapuram) were negative for both measles and rubella 

(Table 5.7 and. Figure 5.2).  
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5.1.3 Year, month wise and seasonal distribution of suspected measles 

outbreaks (Table 5. 8 and Fig 5.3) 

Year wise distribution: In 2002 and 2003 only 11outbreaks were reported, 

reporting improved in 2004 and 19 outbreaks were investigated, subsequently 46 

outbreaks were detected in 2005, 41 in 2006, and 36 in 2007 (Table 5.8).  

Month wise distribution: Suspected measles outbreaks were reported throughout 

the year, but predominantly in the month of January (27nos) and February (20) and 

March (21), followed by September to December and lowest in June (one outbreak). 

The difference was statistically significant (Table 5.8 and figure 5.3) (χ2 – 77.1728; 

P = 0.0259) 
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 Table 5.9: Season Wise Distribution of Suspected Measles Outbreaks 

Season (months) 2002 2003 2004 2005 2006 2007 Total 

Winter (January - 
February) 3 - 4 9 16 15 47 

Premonsoon (March - 
May) - - 5 10 8 14 37 

Southwest monsoon 
(June - September) - 4 7 9 3 6 29 

Northeast monsoon 
(October - December) - 4 3 18 14 1 40 

Total 3 8 19 46 41 36 153 

 

According to the Regional Meteorological Department, Chennai 

(www.amsschennai.gov.in), four seasons are identified in Tamil Nadu; winter 

[January to February], Pre monsoon [March – May] and South west monsoon [June 

– September] and North east monsoon, [October – December] seasons. During the 

sudy period suspected measles outbreaks were reported during all the seasons. 

However, highest numbers of the outbreaks were reported during winter season (47 

nos), followed by “North east monsoon” (40 nos), “Pre monsoon” (37 nos) and 

“South west monsoon” (29 nos) (Table 5.9 and Figure 5.4). 
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Year wise distribution of laboratory confirmed outbreaks / cases 

Outbreaks (Table 5.6 and Figure5.5) 

During 2002 - 2007, measles outbreaks were confirmed in all the study years; in 

2002 – 3nos (100%), 2003 – 6nos (75%), in 2004 – 14nos (73.7%), in 2005 – 43nos 

(93.5%), in 2006 – 36nos (87.8) and in 2007 – 30nos (83.3%).  

Rubella outbreaks were confirmed in three years; in 2004 – 1no (5.3%), in 2006 – 

1no (2.4%), and in 2007 – 2 nos (5.6%).  

Mixed outbreaks were confirmed from 2003 to 2007; in 2003 – 2nos (25%), in 2004 

– 4nos (21.1%), in 2005 – 2nos (4.3%), in 2006 – 3 nos (7.3%) and in 2007 – 4nos 

(11.1%). It is observed that since 2005 the percentage of measles outbreaks 

decreased and simultaneously rubella and mixed outbreaks increased. 

Figure 5.5: Graphical presentation of serological confirmation of suspected 

measles outbreaks 
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In the analysis, equivocal samples were taken as positive cases. The percentage of 

laboratory confirmed measles cases varied between the years; 84.7% in 2003, 83.5% 

in 2004, 87.1% in 2005, 85.8% in 2006 and 75.9% in 2007. Likewise, the 

percentage of laboratory confirmed rubella cases also varied slightly; 5% in 2003, 

7.1% in 2004, 1.5% in 2005, 3% in 2006 and 6.1% in 2007.  It is observed that the 

percentage of laboratory confirmed measles cases gradually decreased since 2005 

and simultaneously the percentage of rubella cases increased gradually (Table 5.10 

Figure 5.6). The difference was statistically significant (χ2 –23.0269; P= 0.0106). 

Table 5.10: Year Wise Distribution of Laboratory Confirmed Cases 

% of laboratory 
confirmed cases 2003 2004 2005 2006 2007 

Total positive 89.8 90.7 88.5 88.8 82 

% measles positive 84.7 83.5 87.1 85.8 75.9 

% rubella positive 5 7.1 1.5 3 6.1 
 

(χ2 –23.0269; P= 0.0106). 

Figure 5.6. Year wise distribution of laboratory confirmed cases: 
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Monthwise and seasonal distribution of laboratory confirmed outbreaks 

Table 5.11: Monthwise distribution of laboratory confirmed outbreaks 

Month Total outbreaks Measles 
(%) 

Rubella 
(%) 

Mixed 
(%) 

Negative 
(%) 

January 27 27 (100)       

February 20 17(85) 1(5) 1(5) 1(5) 

March 21 15 (71.4) 1(4.7) 5(23.8)   

April 6 6 (100)       

May 10 6 (60) 1(10) 3(30)   

June 1 1(100)       

July 6 2(33.4) 1(16.6) 3 (50)   

August 7 6 (85.8)   1(14.2)   

September 15 15 (100)       

October 18 16(89)   1(5.5) 1(5.5) 

November 12 11(91.7)   1(8.3)   

December 10 9 (90)   1(10)   

Total 153 131 
(85.6) 4(2.6) 16 

(10.4) 2(1.3) 
 

χ2 – 43.676; P= 0.1012 

27 (17.6% of total outbreaks) outbreaks were reported in the month of January and 

all were confirmed as measles. Rubella and/or mixed outbreaks were confirmed in 8 

months; February, March, May, July, August, October, November and December. 

Outbreaks that were negative for both measles and rubella outbreaks were reported 

in the month of February and October (Table 5.11). The difference was not 

significant (χ2 – 43.676; P= 0.1012). 
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Table 5.12: Season Wise Distribution of Serologically Confirmed Outbreaks 

Season 
Total No 

outbreaks 
2002 - 2007 

Measles 
(%) 

Rubella 
(%) 

Mixed 
(%) 

Negative 
(%) 

Winter 47 44 (93.6) 1 (2.1) 1 (2.1) 1 (2.1) 

Premonsoon 37 27 (73) 2 (5.4) 8 (21.6)   

South west monsoon 29 24 (82.8) 1 (3.4) 4 (13.8)   

North east monsoon 40 36 (90.4) 0  3 (7.5) 1(2.5) 

Total 153 131 (85.6) 4 (2.6) 16 (10.5) 2 (1.3) 
 

χ2 – 13.1391; P= 0.1564 

Seasonal analysis revealed that the maximum confirmed measles outbreaks (90%) 

were   reported during the winter and North East Monsoon seasons. Followed by, 

77.2% during Premonsoon and south west monsoon seasons.  Rubella outbreaks 

predominated in the premonson season (χ2 – 13.1391; P= 0.1564) (Table 5.12 and 

Figure 5.7). 

Figure 5.7: Season wise distribution of serologically confirmed outbreaks 
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5.1.4 Age and sex wise distribution of suspected measles cases 

Table 5.13: Age Wise Distribution of Suspected Measles Cases 

 during 2002 - 2007 

Year <1 year >1 - <5 
year >5 - <10year >10 - <15 

year 
>15  - 45 

year Total 

2002 2 14 14 9 4 43 

2003 0 17 40 15 2 74 

2004 2 48 72 19 11 152 

2005 4 45 136 56 10 251 

2006 4 50 113 48 11 226 

2007 8 62 160 35 11 276 

Total 20(1.9%) 236 
(22.4%) 535 (52.3%) 182 (17.8%) 49 (4.7%) 1022 

 

χ2 – 38.770; P = 0.039 

52.3% (535 out of 1022) of the laboratory investigated cases were between 5 – 10 

years of age, followed by 1 to 5yrs (22.4%), 17.8% in 10 and 15 years, 4.7% in over 

15 years and 1.9% of the cases were observed in infants less than 1 year of age, 

youngest was 4 months old(Table5.13& Figure 5.8).The difference is significant (χ2 

– 38.770;P = 0.039). 

Figure 5.8. Age distribution of suspected measles cases during 2002 - 2007 
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Age and sex wise distribution of laboratory confirmed measles and rubella 

cases 

Figure 5.9: Distribution of laboratory confirmed cases based on age group 

Measles (Figure 5.9.a) 

 

 

 

 

 

Of the 744 laboratory confirmed measles cases, 411 (56%) cases were from 5 – 10 

years age group, followed by, 22% from 1-5 years, 18% from 10 – 15 years, and 3% 

from over 15 years (Figure 5.9.a). 

Rubella (Figure 5.9.b): 

 

 

 

 

 

The same pattern was observed for rubella also; 62% (23 out of 37) cases were from 

5 – 10 years, followed by 1- 5 years (19%), 10 – 15 years (16%) and over 15 years 

(3%) and none of cases under 1 year confirmed as rubella (Figure 5.9.b) 
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Table 5.14: Sex Wise Distribution of Suspected Measles Cases over the Years 

Year TOTAL Male (%) Female (%) 

2002 43 30 (69.8) 13 (30.3) 

2003 74 37 (50) 37(50) 

2004 152 72 (47.4) 80(52.6) 

2005 251 131(52.2) 120 (47.8) 

2006 226 123 (54.4) 103 (45.6) 

2007 276 146 (52.9) 130 (47.1) 

TOTAL 1022 539 (52.7) 483 (47.3) 
 

χ2 – 7.2749; P =0 .2010 

Among the suspected cases, 52.7% (539nos) were male and 47.3% (483) were 

female (Table 5.14). The difference is not statistically significant (χ2 – 7.570;  

P =0 .182).   

Sex wise distribution of serologically laboratory confirmed cases 

Serologically 81.2% (386 out of 475) of the male cases were confirmed as measles 

and   84.4% (358 out of 424) of the female cases.  4.6% (22 out of 475) of the male 

and 3.5% (15 out of 424) of the female cases were confirmed as rubella (Figure 5.10. 

a. and 5.10.b). 

Figure 5.10.a.        Figure 5.10.b 
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5.1.5  Immunization status of suspected measles cases  

Among the 1,022 cases investigated, 480 (47%) cases were immunized (as 

evidenced by availability of immunization card or statement of parents / health 

workers).  Immunization status was not known for 511 (50%) cases, seven cases 

(0.7%) were not immunized and 24 cases (2.3%) cases were under the not applicable 

category (the children didn’t meet the minimum age requirement to receive first 

dose of measles vaccine through routine immunization schedule or were adolescents 

and born before the immunization was initiated (χ2 – 67.2396; P = 0.0000)  

(Table 5.15 & Figure 5.11).  

Table 5.15: Immunization status of suspected measles cases 

Year No of 
cases 

Immunized 
(%) 

Not 
known 

(%) 

Not 
vaccinated 

(%) 

Not 
applicable 

(%) 

2002 43 20 (46.5) 18 (41.9) 0 5 (11.6) 

2003 74 36 (48.6) 37 (50) 0 1 (1.4) 

2004 152 70 (46.1) 75 (49.3) 0 7 (4.6) 

2005 251 105 (41.8) 140 
(55.8) 3 (1.2) 3 (1.2) 

2006 226 145 (64.2) 78 (34.5) 0 3 (1.3) 

2007 276 104 ( 37.7) 163 
(59.1) 4 (1.4) 5 (1.8) 

Total 1022 480 (47) 511 (50) 7 (0.7) 24 (2.3) 
 

χ2 – 67.2396; P = 0.0000 
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5.1.6: Effect of Timing of Sample Collection on sensitivity of detection of 

Measles IgM  

Table 5.16  

Day post onset No tested Measles 
Positive (%) 

Measles 
Equivocal (%) 

Measles 
Negative (%) 

0-3 162 129 (79.6) 12 (7.4) 25 (15.4) 

4-10 379 328 (86.5) 12 (3.1) 39 (10.2) 

11-20 216 167 (77.3) 10 (4.6) 35 (16.2) 

21-41 105 77 (73.3) 9 (8.5) 19 (18) 

Total 862 701(81.3) 43(4.9) 118 (13.6) 
 

χ2 – 17.086; P= 0.009 

In the analysis, samples that were rubella positive (32nos) and rubella equivocal 

(5nos) were excluded. 81.3% (701 out of 862) of the samples were positive. Sero 

positivity was highest (86.5%) when samples were collected between 4 – 10 days 

after the onset of rash, followed by 0 – 3 days (79.6), 11 – 20 days (77.3%) over 21 

– 41 days (73.3%). This was statistically significant.  (χ2 – 17.086; P= 0.009). Table 

5.16 and figure 5.12.  

Figure 5.12. Graphical representation of effect of timing of sample collection on 
measles IgM assay sensitivity 
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Table 5.17: Effect of timing of sample collection on rubella IgM assay 

sensitivity 

Day post 
onset 

No 
tested 

Rubella 
Positive (%) 

Rubella 
Equivocal 

(%) 

Rubella Negative 
(%) 

0-3 32 8 (25) 2 (6.2) 22 (68.7) 

4-10 52 14 (26) 0 38 (73) 

11-20 43 7 (16.2) 1 (2.3) 35 (81) 

21-34 20 3 (15) 2 (10) 15 (75) 

Total 147 32 (21.7) 5 (3.4) 110 (74.8) 
 

χ2 – 7.470; P= 0.280 

25% of the samples were positive for rubella IgM if collected between 0 and 3 days 

after the onset of rash. 26%  if collected during 4 – 10 days after the onset of rash, 

16.2%, if  collected between 11 and 20 days post onset and 15% of positivity  if the 

samples were collected >20 days after the onset of rash (χ2 – 7.470; P=0.280).Table 

5.17 and Figure 5.13.   

Figure 5.13: Effect of timing of sample collection on rubella IgM assay 
sensitivity 
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5.1.7 Concentration of Measles / Rubella IgM Antibodies Based on the Timing 

of Sample Collection 

Measles IgM antibody concentration 

Sample’s average OD (Optical Density) values were calculated based on the timing 

of sample collection; an average OD value of 0.439 was observed from samples that 

were collected between 0 and 3 days post onset of rash. The OD value gradually 

increased up to 8 - 10 days post onset of rash; OD value 0.591 was observed if 

collected between 4 and 7 and it slightly increased to 0.594 if the samples were 

collected between 8 and 10. After that it gradually decreased to 0. 343 from the 

samples that were collected during 26-28 after the onset of rash, as observed in 

figure 5.14 Panel A. This data suggests that highest concentration of antibodies 

appeared between 8 and 10 days after the onset of rash. (Figure 5.14 Panel A). 

Rubella IgM antibody concentration 

An average of 0.258 OD value was observed from the samples that were collected 

≤3 days post onset of rash. The OD values increased to 0.305 if the samples were 

collected between 4 and 7 days after the onset of rash. An average of 0.335 OD 

value was observed from the samples that were collected during 11 - 16 days post 

onset of rash. This decreased to 0.240 if the samples were collected between 17 and 

28 days after the onset of rash (Figure 5.14 Panel B). 
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5.2 MEASLES VIRUS ISOLATION 

Virus isolation was attempted from throat swabs and urine samples collected 

from 69 outbreaks and 8 sporadic cases. Totally 171 urine and 66 throat swabs 

were collected from 184 patients for virus isolation. Throat swabs were collected 

between 0 and 11 days after the onset of rash (mean 3.27).  Urine samples were 

collected between 0 and 33 days (mean 3.82) after the rash onset.  

Result of virus isolation: 

Virus isolation was attempted in three cell lines: Vero, B95a and Vero/hSLAM. 35 

samples (19 urine &16 throat swabs) were inoculated in Vero, 92 samples (49 urine 

& 43 throat swab) in B95a and 110 samples (103 urine & 7 throat swabs) in 

Vero/hSLAM cell line. None of the samples were inoculated into all the three cell 

lines. Figure 5.15 shows normal and cytopathic effect of measles virus in 

Vero/hSLAM cell line (Panel B – D) and in B95a cell line (Panel E).  

Table 5.18. 27.2% of the throat swabs and 18.1% of the urine samples were positive 

for virus isolation. Overall confirmation by virus isolation was 20%.  

  Table 5.18: Over all result of virus isolation 

Sample No tested No positive % positive 

Throat swab 66 18 27.7 

Urine 171 31 18.1 

Total 237 49 20 
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Comparison of virus isolation using Vero, B95a and Vero/hSLAM cell line   

29% (32 out of 110) were positive in Vero/hSLAM, 18.5% (17 out of 92 specimens) 

in B95a. No virus was isolated in Vero cell line (Table 5.19).  

Table 5.19: Comparison of virus isolation using B95a, Vero/hSLAM and B95a 

cell line 

Throat swab Urine 
Cell line 

No tested No positive (%) No tested No positive (%)

Vero 16 0 19 0 

B95a 43 13(30.2) 49 4(8.2) 

Vero/hSLAM 7 5(71.4) 103 27(26.2) 

Total 66 18(27.2) 171 31(18.1) 
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Effect of timing of sample collection on measles virus isolation from throat 

swab and urine 

Table 5.20: Effect of Timing of Sample Collection on Measles Virus Isolation 

Using Throat Swab and Urine Samples 

Using throat swab Using Urine samples Day 
post 
onset 

of rash 
No of 

samples 
No 

Positive 
% 

Positivity 
No of 

samples 
No 

Positive 
% 

Positivity 

0 - 2 19 9 47.3 85 24 28.2 

3 - 5 29 9 31 49 7 14.2 

6 - 11 18 0 -- 37 0 -- 

Total 66 18 27.2 171 31 18.1 
 

Throat swab 

Sensitivity of virus isolation from throat swab was 47.3% when samples were 

collected between 0 – 2 days post onset of rash, and 31% when collected between 4 

– 5 days. (Table 5.20 and Figure 5.16). 

Urine 

Sensitivity of virus isolation from urine was 28.2% when samples were collected 

between 0 – 2 days and 14.2% when collected between 3 – 5 days.  

No virus was isolated when collected after 6 days from both samples (Table 5.20and 

Figure 5.16). 
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Table 5.21: Sensitivity of Virus isolation versus IgM detection methods for the 

diagnosis of suspected measles cases 

Serum / Throat swab (24 paired 
samples) (%) 

Serum / Urine  (43 paired 
samples) (%) 

Result 

Serum  Throat swab Serum  Urine 

Positive 22 (91.6%) 4 (16.6%) 39 (90%) 5 (11.6) 

Negative 2 (8.3%) 20 (83.3%) 4 (10%) 38 (88.3%) 

 

Sensitivity of virus isolation versus IgM detection methods for the confirmation 

of suspected measles cases 

24 paired throat swabs and serum samples and 43 paired urine and serum samples 

were analysed for their sensitivity for diagnosis of measles. More than 90% of the 

cases were confirmed by IgM detection; where as overall only 20% was confirmed 

by virus isolation (16.6% and 11.6% of the cases from throat swabs and urine, 

respectively) (Table 5.21). 
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5.3. GENOMIC CHARACTERIZATION OF ISOLATES 

5.3.1. Genomic sequencing of measles isolates for genotyping 

RT-PCR was performed on all isolates and expected 553bp products were obtained 

(Figure 5.17) and these isolates were sent to for genomic sequencing.  

Sequence analysis of 450 nucleotides located on the variable part of N gene from 

1126nt – 1575nt that code for COOH terminus of Nucleoprotein gene was 

undertaken for all the 49 isolates. For the one isolate genotyped as D7 based on N 

gene the H gene sequence was also sequenced. The sequences were compared with 

WHO reference sequences (Table 5.22) for genotyping. The sequences derived from 

the isolates were aligned with 27 WHO reference sequences for all 23 genotypes 

with Clustal X version 1.8348 and the aligned file was converted in to MEGA format 

for phylogenetic analysis. The phylogenetic tree was constructed using Neighbor 

Joining algorithm and multiple sequence analysis was performed using MEGA 

version 2.1.349 

Figure 5. 17:  Agarose gel shows amplification bands for one of the measles 

isolate 

 

 

 

 

 

Note: B- Blank ; RC – Reagent control; PC – Positive control ; S1 – Sample 1. 
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5.3.2 Genotyping results 

Phylogenetic analysis of measles strains with WHO reference sequences revealed 

that all the strains belong to Clade D. Of the 49 isolates, 5 were confirmed as 

Genotype D4, one strain as genotype D7 and remaining 43 sequences as genotype 

D8 (Figure 5.18). In terms of outbreak, D4 was isolated from four outbreaks, D7 

from one outbreak, and D8 from 24 outbreaks. More than one genotype was not 

detected from a single outbreak. All the isolates obtained from sporadic cases were 

genotype D8 (Table 5.23).  

All the sequences obtained in the study are submitted to Genbank. The details of 

genotyping results and Genbank accession numbers are presented in Table 5.23. 
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District wise distribution of genotypes  

D4 was detected from four districts: Pudukottai, Vellore, Krishnagiri, and 

Perambalur. 

D7 was detected only in the single outbreak in Chennai district. 

D8 was detected in fifteen districts: Chennai, Dindigul, Kancheepuram, Krishnagiri, 

Madurai, Perambalur, Pudukkottai, Tiruchirappalli, Tirunelveli, Tiruvallur, 

Tiruvannamalai, Tuticorin, Vellore, Villupuram and Virudhunagar. Figure5.19 

describes approximate places of measles virus isolation and its genotyping results 

during 2003 – 2007. Table 5.24 describes district and year wise distribution of 

genotyping results. 

Table 5.24: District wise distribution of genotyping results 

S.No District D4 D7 D8 

1 Chennai   2003 2005 

2 Dindigul     2003 & 2005  

3 Kancheepuram     2005 

4 Krishnagiri 2006   2006 

5 Madurai     2006 

6 Perambalur 2007   2004 

7 Pudukkottai 2003   2007 

8 Tirunelveli     2005 

9 Tiruchirappalli     2005 

10 Tiruvallur     2004 & 2005 

11 Tiruvannamalai     2003 

12 Tuticorin     2005 & 2007 

13 Vellore 2005   2005, 2006 &2007 

14 Villupuram     2005, 2006 & 2007 

15 Virudhunagar     2004 & 2005 
 



 137

Year and district wise distribution of genotypes (Table 5.24) 

In 2003, all the three genotypes D4, D7 and D8 were identified, in 2004 only D8, in 

2005, 2006 and 2007- genotype D4 & D8 were detected (Figure 5. 19 and Table 24).  

D4 was detected from Pudukottai in 2003 from Vellore in 2005 from Krisnagiri in 

2006 and from Perambalur in 2007. 

D7 was detected only in the single outbreak in Chennai district in 2003. 

D8 was detected in 2003: Tiruvannamalai and Dindigul; 2004 in Perambalur, 

Virudhunagar, and Tiruvallur, in 2005: in Chennai, Dindigul, Kancheepuram, 

Tiruchirappalli, Tirunelveli, Tiruvallur, Tuticorin, Vellore, Villupuram, and 

Virudhunagar. In 2006 in Krishnagiri, Villupuram, Vellore, and Madurai and in 

2007 in Pudukottai, Tuticorin, Vellore and villupuram.  It is observed that D8 has 

been in circulation continuously in Vellore and Villupuram from 2005 to 2007. In 

Tiruvallur and Virudhunagar circulation continued in 2004 and 2005,   

Both genotypes D4 and D8 have been in circulation in the same year in Krishnagiri 

(2006) and Vellore (2005)   
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5.3.3 Genetic Analysis of circulating genotypes was undertaken to understand 

the genetic diversity and assess the degree of heterogeneity among 

measles viruses  

Genotype D4 strains: Nucleotide identity with reference strain 

Five D4 strains were obtained from 4 different outbreaks during the study period in 

2003, 2005, 2006 and 2007, Three strains (MVi/Vellore.IND/50.05-1, 

MVi/Vellore.IND/50.05-2 and MVi/Perambalur.IND/17.07) from two outbreaks in 

2005 and 2007  had 100% identical nucleotide sequences within themselves and 

97.8% identity with reference strain and formed a distinct group (Figure 5.20 Panel 

A).Strains MVi/ Pudukkottai.IND/38.03 formed a distinct branch with 98% identity 

with reference and MVi/ Krishnagiri. IND/03.06) formed a separate branch with 

97.5% identity with reference strain (Table 5.25). 

Figure 5.20: Phylogenetic analysis of genotype D4 strains with WHO reference 

strain 

Panel A: based on nucleotide 

 DQ917475MVi/Vellore.IND/50.05-2

 FJ765085MVi/Perambalur.IND/17.07

 DQ917474MVi/Vellore.IND/50.05-1

 DQ917481MVi/Kirishnagiri.IND/03.06

 DQ099555MVi/Pudukkottai.IND/38.03

 U01976D4

1  
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D4 Amino acid identity with reference strain: Of the five D4 strains, four 

(MVi/Vellore.IND/50.05-1, MVi/Vellore.IND/50.05-2, MVi/ Krishnagiri. 

IND/03.06 and MVi/Perambalur.IND/17.07) exhibited 100% amino acid sequence 

identity and 98% identity with WHO reference strain. MVi/ Pudukkottai.IND/38.03 

strain though it   differed from other Tamil nadu strains by two amino acid variation 

it exhibited 98.6% identity with WHO reference strain (Gen bank accession number 

U01976). (Table 5.25 & Figure 5.20 Panel B).  

Figure 5.20 Panel B: Based on amino acid 

 DQ917475MVi/Vellore.IND/50.05-

 FJ765085MVi/Perambalur.IND/17.

 DQ917474MVi/Vellore.IND/50.05-

 DQ917481MVi/Kirishnagiri.IND/0

 U01976D4

 DQ099555MVi/Pudukkottai.IND/38

0.5  

Note: Each chain of transmission is highlighted with unique colour bullets. 

Table. 5.25. Percentage of nucleotide identity of genotype D4 strains with WHO 

reference strains 

Strain 
Percentage of nucleotide 

identity with D4 reference 
strain (Gen bank U01976) 

Percentage of amino 
acid identity with D4 

reference strain 
(U01976) 

MVi/Pudukkottai. IND/38/03 98% (417 out of 423 
nucleotide) 98.6% (148 out of 150) 

MVi/Vellore.IND/50.05-1 97.8% (446 out of 456 
nucleotide) 98% (147 out of 150) 

MVi/Vellore.IND/50.05-2 97.8% (446 out of 456 
nucleotide) 98% (147 out of 150) 

MVi/Kirishnagiri.IND/03.06 97.5% (445 out of 456 
nucleotide) 98% (147 out of 150) 

MVi/Perambalur.IND/17.07 97.8% (446 out of 456 
nucleotide) 98% (147 out of 150) 
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Intra genotypic variations (Genotype D4) 

The genotype D4 strains detected in Tamil Nadu differed from each  

other by maximum of 7 nucleotides. The strain MVi/Krishnagiri.IND/03.06  

differed from MVi/Vellore.IND/50.05-1, MVi/Vellore.IND/50.05-2 and 

MVi/Perambalur.IND/17.07 strains by 7nucleotide. Six nucleotide  

(1.3%) differences were observed between   MVi/ Krishnagiri. IND/03.06 and MVi/ 

Pudukkottai.IND/38.03 strains. The strain MVi/ Pudukkottai.IND/38.03  

differed from MVi/Vellore.IND/50.05-1, MVi/Vellore.IND/50.05-2 and 

MVi/Perambalur.IND/17.07 strains by 3 (0.6%) nucleotide. 

The genotype D4 strains obtained in Tamil Nadu during 2003 – 2007 differed from 

WHO reference strain at 15 different nucleotide positions (Figure 5.21 Panel A). Of 

these, only four substitutions leads to amino acid changes and remaining 11 

substitutions are silent mutation (Figure 5.21 Panel B).  

All the five strains have nucleotide substitution at four positions; at 1278 (G→A), 

1335 (A→G), 1365 (G→A) and 1406 (C→T). All five exhibited substitutions at 

1406 nucleotide position leads to amino acid changes from Threonine (T) to 

Isoleucine (I). Four strains (except MVi/ Pudukkottai.IND/38.03), have nucleotide 

substitutions at 1327 (A→G), 1483 (T→C) and 1543 (C→T) positions. Of which 

two substitutions leads to amino acid changes; at 1327 from Serine (S) to Glycine 

(G) and at 1543 from Proline (P) to Serine (S). Besides these substitutions, outbreak 

/ chain specific substitutions are observed; the strain MVi/ Krishnagiri. IND/03.06 

has unique substitutions at four nucleotide positions; at 1239 (A→G), 1308, (A→G), 

1398 (T→C) and 1446 (C→T). The strain MVi/ Pudukkottai.IND/38.03 has  

only one unique nucleotide substitution at 1277 (A→T) position, which  

leads to amino acid changes from Glutamic acid (E) to Valine (V). The  

three strains MVi/Vellore.IND/50.05-1, MVi/Vellore.IND/50.05-2 and 
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MVi/Perambalur.IND/17.07 have unique nucleotide substitutions at 1413 (A→T), 

1536 (G→A) and 1546 (A→C) nucleotide positions. 

In summary: all 5 strains have nucleotide substitution at 1278, 1335, 1365 and  

1406 in addition MVi/Vellore.IND/50.05-1,MVi/Vellore.IND/50.05-2, and 

MVi/Perambalur.IND/17.07: strain had 3 nt substitution at 1413, 1536 and 1546  

MVi/ Pudukkottai.IND/38.03 had nt substitution at 1277 and MVi/ Krishnagiri. 

IND/03.06 exhibited 4 nt changes at 1239, 1308, 1398  and 1446 nucleotide position. 
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Relationship of genotype D4 strains isolated in Tamil Nadu with strains 

obtained from other parts of India 

In this analysis, 28 (including 5 sequences from this study) sequences obtained from 

11 districts: Pudukkottai, Vellore, Perambalur, Krishnagiri, Pune, Satara, Nainital, 

Kangra, Vijayawada, Papumpare, Leh of 8 states: Tamil Nadu, Maharastra, 

Himachal Pradesh, Andhra Pradesh, Arunalchal Pradesh, Jammu and Kashmir, 

Uttranchal and Sikkim of India were included. These strains were isolated during 

1997 – 2008 and sequences from other states (other than Tamil Nadu) were obtained 

by other workers and retrieved from Genbank (Table 5.26). 

Table 5.26: Details of genotype D4 strains from various states of India used for 

analysis with strains from Tamil Nadu 

Year No of 
sequences District ( State ) Genbank accession number 

1997 4 Pune (Maharastra) AY873977; AY873971; 
AY873972; AY873973 

1998 2 Pune (Maharastra) AY873980;AY873979; 

2003 1 Pudukkottai (Tamil Nadu) DQ099555 

2004 2 Nainital (Uttranchal) FJ223162;FJ223163 

2005 6 Vellore (Tamil Nadu); Pune 
(Maharastra); Satara (Maharastra) 

DQ917475;DQ917474;FJ22316
0;DQ335129;DQ335130;DQ335
131 

2006 4 
Kangra (Himachal Pradesh); 
Krishnagiri (Tamil 
Nadu);Vijayawada (Hyderabad) 

FJ223147;FJ223148; 
DQ917481;FJ223143 

2007 8 

Vijayawada (Hyderabad), 
Papumpare  ( Arunachal pradesh), 
Leh (Jammu and Kashmir); 
Perambalur (Tamil Nadu) 

FJ223135;FJ223136; 
FJ223137;FJ196402; FJ196398; 
FJ196399; FJ223148;FJ765085 

2008 1 Gangtok (Sikkim) FJ765064 

Total 28 11 places / 8 state   
 

Note: Tamil Nadu strains are obtained in the study and sequences from other state 

obtained by other workers and retrieved from Genbank. 
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Phylogenetic analysis of D4 strains 

Phylogenetic analysis with WHO reference sequence revealed, the strains formed 

two clusters (Figure 5.22).  

The first large cluster consists of 25 strains and WHO reference strain. With in this 

cluster, the strains formed three distinct groups; strains isolated from Andhra 

Pradesh, Arunachal Pradesh, Uttranchal and one strain (MVi/ 

Pudukkottai.IND/38.03) from Tamil Nadu formed one group. The second group 

consists of strains isolated from Sikkim and Maharastra. The WHO reference strain 

aligned in this group. The third group formed by the strains isolated from Himachal 

Pradhesh, Jammu and Kashmir, Andhra Pradhesh, Maharastra and four strains from 

Tamil Nadu. Three strains detected in Tamil Nadu (MVi/Vellore.IND/50.05-

1&MVi/Vellore.IND/50.05-2and MVi/Perambalur.IND/17.07), shares 100% 

sequence homology with MVi/Pune.IND/ 44.05 strain.  

The second cluster is formed by three strains isolated from Satara, Maharastra state. 

The mean distance between the two clusters was 11nucleotide. The mean distance 

among the cluster 1 strains was 6 nucleotide and 4 nucleotide difference for cluster 2. 

 

 

 

 

 

 



 144

 

Multiple sequence alignment 

All the genotype D4 strains isolated in India has nucleotide substitutions with  WHO 

reference sequence  at five nucleotide positions; 1278 (G → A), 1365 (G→A), 1406 

(C→T), 1483 (T→C), 1543 (C→T) (Figure 5.23). The strains differed from each 

other by maximum of 4% nucleotide (18 out of 450). The most distantly related 

strain is MVs/Nainital.IND/48.04-1 with MVs/Satara.IND/15.05/1 (Figure 5.23). 

Like wise, unique, amino acid substitutions observed in two positions; at 469  

(Thr – Ile) and 515 (Pro – Ser) (Figure 5.24).  
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 AY037020D7

 AY953414MVi/Chennai.IND/38.03

 AF481493MVs/Vic.AU/4.00 SourceSrilanka

 FJ223152MVs/Pune.Ind/10.07

 DQ987231MVs/Pune.Ind/11.04

 DQ987230MVs/Pune.Ind/11.04

 DQ987232MVs/Bang.Ind/5.03/SSPE

 AF481492MVi/WA.AU/12.01SourceBurma

 AF243450D7

2 

5.3.4. Analysis of Genotype D7 

In the study only one D7 strain was isolated from an outbreak in 2003.  In the 

analysis, 6 strains and two WHO reference sequence were included along with strain 

(MVi/Chennai.IND/38.03) detected in Tamil Nadu. Of the 6 strains, three strains 

(MVs/Pune.Ind/11.04, MVs/Pune.Ind/11.04, and MVs/Pune.Ind/10.07) were 

detected in Pune, India and one strain (MVs/Bang.Ind/5.03/SSPE) in Bangalore, 

India and another two strains detected in Australia (as an importation from Sri Lanka 

and Myanmar). 

Phylogenetic analysis showed these strains formed three groups; the strain 

(Mvi/Chennai.IND/38.03), WHO reference strain (Illinois.USA/50.99) and strain 

detected in Australia (imported from Srilanka) formed one group. The second group 

is formed by strains detected in Pune, India and the third group was formed by strain 

detected in Australia (imported from Myanmar), sequence obtained from SSPE case 

in India and another WHO reference strain (Victoria.AUS/16.85) (Figure 5.25).  

Figure 5.25: Phylogenetic analysis of genotype D7 strains from Tamil Nadu to 

SEAR countries 
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 DQ987234MVi/Chennai.Ind/38.03
 AY043461MVi/Illinois.USA/50.99

 FJ387157MVs/Pune.Ind/10.07
 DQ987233MVs/Pune.Ind/11.04

 AF247202MVi/Vic.AU/16.85D7
 DQ987235MVs/Bang.Ind/5.03/SSPE

5 

In the study, the entire hemagglutinin sequence was derived for genotype D7 strain 

(Mvi/Chennai.IND/38.03) from Tamil Nadu. The sequence was analysed with 

strains (MVs/Pune.Ind/11.04, MVs/Pune.Ind/10.07 and MVs/Bang.Ind/5.03/SSPE) 

detected from other parts of India. The phylogenetic analysis produced similar 

pattern of Phylogram as with N gene (Figure 5.25A) 

Figure 5.25A: Phylogenetic analysis of H gene sequence of Indian D7 strains 

 

 

 

 

Relationship of D7 strain from Tamil Nadu to global strains 

To identify the relationship of this virus (Mvi/Chennai.IND/38.03), BLAST (Basic 

Local Alignment Software Tools) search was performed using NCBI (National 

Center for Biotechnology Information (NCBI), which revealed the strain from Tamil 

Nadu shares 99% nucleotide sequence homology with 40 strains available in 

Genbank. The 40 strains were detected from 9 countries (United States of America, 

Ireland, Morrocco, France, Spain, Germany, Australia Canada and Belarus). 

Interestingly, the strain (Mvi/Chennai.IND/38.03) shares only 94% sequence 

homology with 3 strains detected in Pune, India and 94% with SSPE strain detected 

in Bangalore, India. 

Phylogenetic analysis of 47 strains, which were detected from 13 countries (Table 

5.27), revealed that the global strains formed four distinct clusters (Figure 5.26). The 

first large cluster consists of 35 strains (including one of the WHO reference strain - 
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Illinois.USA/50.99) detected from 13 countries. Within this large cluster, three 

groups of viruses observed. The first group consists of 22 strains (including one 

sequence from Sri Lanka), of which 18 strains (MVs/Queensland.AUS/8.00, 

MVi/Lyon FR/03-1, MVi/Marseille.FR/03-1, MVi/Marseille.FR/03-2, 

MVi/Paris.FR/01-1, 6 strains from Spain [AY30614 – 17, AY307103 and 

AY307104], MVs/Vic.AUS/4.00, MVi/Greifswald.DEU/10.00, 

MVi/Mainz.DEU/11.01, MVi/Koeln.DEU/11.01, MVi/Bamberg.DEU/14.01, 

MVi/Konstanz.DEU/15.01, MVs/Mainz.DEU/06.00-1) shares 100% nucleotide 

sequence homology with each other, despite the fact that these were isolated from 

four countries. These strains differ from WHO reference strain (Illinois.USA/50.99) 

with only 1 nucleotide (Figure 5.26). The second group consists of 10 strains 

including WHO reference strain (Illinois.USA/50.99) and Chennai isolate 

(Mvi/Chennai.IND/38.03) fits into this group. Of the 10 strains from second group, 

7 strains (three from USA, two from France one each from Ireland and Morrocco) 

had 100% sequences homology among themselves and with WHO reference 

(Illinois.USA/50.99) strain. The third group is formed by strains detected in USA 

and Canada and one strain detected in Belarus formed a separate branch. The mean 

distance of the cluster 1 strains is 1 nucleotide.  

The second cluster was formed by three strains detected in Pune, India. The mean 

nucleotide distance between the strains was 3.  

The third cluster formed by strains detected in Australia during 1985 – 1999. 

Fourth cluster formed by two SSPE strains and Myanmar strain detected in Australia. 

The mean distance among the strains in this cluster was 7nucleotide.  
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The mean distance between the cluster 1 and 2 was 18nt (4%), cluster 2 and 3 was 

15nt (3.3%) and cluster 1 and 3 was 18nt (4%), cluster 1 and 4 was 24nt (5.3%), and 

cluster 2 and 4 was 19nt (4.2%) 

Phylogenetic analysis of amino acid sequences of global D7 strains revealed that 

these strains formed 3 groups. The cluster 3 and 4 (based on nucleotide, as depicted 

in Figure 5.26) strains grouped together (Figure 5.26.a).  
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5.3.5 Analysis of Genotype D8 strains from Tamil Nadu 

Phylogenetic analysis of 43 D8 strains isolated in Tamil Nadu revealed that the 

strains are grouped in two clusters and only one strain (Mvi/Dindigul.IND/38.03) 

formed a separate group with WHO reference strain (Figure 5.27). The cluster 1 

consists of 38 strains; with in the cluster these strains formed four groups. The 

strains differed from each other by a maximum of 8nt. The cluster 1 strains differed 

from cluster 2 by a maximum of 9nt. Mvi/Dindigul.IND/38.03 strain differed from 

cluster 2 strains by 12nt and from the cluster 1 by 16nt. 
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Relationship D8 strains from Tamil Nadu to Global D8 strains 

In this analysis, 70 sequences obtained from 10 countries during 1994 – 2007 by 

various researchers were included along with 43 sequences from Tamil Nadu. The 

details of strains obtained by other workers are presented in Table 5.28.  

Phylogenetic analysis of 113 sequences showed that the strains grouped into 6 

clusters, including the two clusters from Tamil Nadu (Figure 5.28). The third cluster 

comprises, strains detected from the UK, Nepal, USA, Australia and Maharashtra 

(India). The distinctive Tamil Nadu strain, (MVi/Dindigul.IND/38.03), aligned with 

this cluster and formed a separate group with three other strains, MVs/ 

Hetauda.NEP/2.99, MVi/Maharastra.IND/05 and MVi/New York.USA/17.2  

(Figure 5.28c). A fourth cluster comprises strains from Nepal, the US, UK, Australia, 

Morocco and Spain. The fifth cluster comprises three strains; two strains were 

detected from the USA and one Australia. The sixth cluster comprises two Ethiopian 

strains, which is more divergent from the others. 

Of the 70 global strains, 10 strains detected in USA and UK aligned in the first 

cluster (Figure 5.28a). Of the 10 strains, 2 strains (MVs/London.GBR/10.07  

and MVi/Douglas.GBR/15.06) were 100% identical to four strains from  

Tamil Nadu (MVi/Dindigul.IND/42.05,MVi/Tirunelveli.IND/40.05 and 

Vi/Kancheepuram.IND/12.05 and MVi/Pudukkottai.IND/06.07). Similarly, three 

strains, MVs/Enfield.GBR/9.06, MVi/Massachusettes.USA/24.04 and MVi/New 

York.USA/08.05, had identical 100% sequences with two other strains from  

Tamil Nadu, MVi/Chennai.IND/06.05 and MVi/virudhunagar.IND/30.04. The UK 

strain, MVi/Peterborough.GBR./2, had only 1nt difference from 

MVi/Villupuram.IND/03.07 and MVi/Villupuram.IND/07.07. The strains 

MVi/Wisconsin.USA/50.02, MVi/Texas.USA/4.07, MVi/California.USA/40.04 and 

MVi/California.USA/4.06 differed from other strains by 4 nts.  
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Multiple sequence alignment of D8 strains from Tamil Nadu with global strain 

showed that the strains had unique nucleotide substitutions at 6 positions; at 1226 

(C→T) observed in cluster 2 strains, 1254 (A→G)  in cluster 1 strains, 1323 (A→G) 

in cluster 1 and 2 strains, 1351(C→T) in Cluster 1 and two strains 

(MVi/Villupuram.IND/42.05 – 1 and 2 ) of Cluster 2 strains, 1354 (C→T) in cluster 

1 strains and 1501 (C→T) in cluster 1 strains (Figure 5.29). 
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5.4 SERO SURVEY TO ESTIMATE THE SERO CONVERSION AFTER 

A SECOND DOSE OF MEASLES CONTAINING VACCINE 

5.4.1. Details of Study and Control Populations 

In the study, 150 children each were recruited in the study population and control 

populations. The age of study and control population ranged from 1 to 5 years. The 

mean age of study population (those who received measles through routine 

immunization and MMR vaccine through the SIA) was 4 years and control 

population (those who received only measles vaccine) was 3.7 years. Of the 150 

study population, 36% (54 out of 150) were male and 64% (96 out of 150) were 

female. Likewise, among the control populations, 34.7% (52 out of 150) were male 

and 65.3% (98 out of 150) were female.  

Table 5.29:  Result of measles IgG antibody estimation 

Control (%) Study (%) 
District 

Total Positive Equiv
ocal Negative Total Positive Equivo

cal Negative 

Cuddalore 30 24 
(80) 

2 
(6.7) 

4 
(13.3) 30 29 

(96.7) 0 1(3.3) 

Perambalur 30 23 
(76.7) 

2 
(6.7) 

5 
(16.7) 30 27 

(90) 1(3.3) 2 
(6.7) 

Theni 30 21 
(70) 0 9  

(30) 30 24 
(80) 2(6.7) 4 

(13.3) 

Tiruvannamalai 30 18 
(60) 

5 
(16.7) 

7 
(23.3) 30 17 

(56.7) 5(16.7) 8 
(26.7) 

Vellore 30 20 
(66.7) 

3 
(10) 

7 
(23.3) 30 25 

(83.3) 1(3.3) 4 
(13.3) 

Total 150 106 
(70.7) 

12 
(8) 

32 
(21.3) 150 122 

(81.3) 9(6) 19 
(12.7) 
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Sero Positivity for Measles among the Control population 

70.6% of the control population was positive for measles specific IgG antibodies. 

The percentages of sero positivity between the blocks were varied, which ranged 

from 60% - 80% ( Cuddalore 80%, Perambalur 76.7%, Theni 70%,Tiruvannamalai 

60% and Vellore 66.7%). 21.3% of control population was negative for measles 

specific IgG antibodies; a maximum of 40% of sero negativity was observed in 

Tiruvannamalai district. Around 8% of the control population has antibodies at 

equivocal state (less than 250 mlIU); with maximum at 16.7% of the Childrens from 

Tiruvannamalai district has antibodies at equivocal state (Table 5.29). The 

differences was not significant (χ – 8.9505, P=0.3465) 

Sero Positivity for Measles among Study population 

81.3% of the study population were positive for measles specific IgG. The 

percentage varied widely between the districts; a maximum of 96.7% (29 out of 30) 

of the childrens from Cuddalore districts had measles antibodies, followed by 

Perambalur (90%), Vellore (83%), Theni (80%) and Tiruvannamalai (56.7%)  

(Table 5.29). In all, 12.7% of the childrens were negative and only 6% of childrens 

had an equivocal state. The difference was significant (χ – 19.2110, P=0.0138). 

Table 5.29a shows cumulative percentage of IgG positivity among the control and 

study population. Figure 5.30 shows ELISA plate with positive (Yellow) and 

negative reactions. 
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Table 5.29.a: Cumulative IgG positivity among the control and study 
population 

 
Result 

Study group No of 
samples Positive (%) Equivocal (%) Negative (%) 

Control 
population 150 106 ( 70.6 ) 12( 8 ) 32(21.3) 

Study 
population 150 122 ( 81.3 ) 9 ( 6 ) 19(12.6) 

Total 300 228 (76) 21 (7) 51 (17) 

 

χ2 –4.8651; P= 0.0878 
 
 

Figure 5.30: ELISA plate shows wells with positive and negative reactions 
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5.4.2 Sexwise distribution of measles IgG positivity among the control and 

study population 

Of the 300 children, 106 children were male and 194 were female. 76.4% (81 out of 

106) of the male and 75.8% (147 out of 194) of the female were positive for measles 

IgG and around 7% of both male and female children were having antibodies at 

equivocal state. 17% of the male and female children were negative (Table 5.30). 

There was no difference significantly. 

 
Table 5.30: Sexwise distribution of measles IgG positivity 

 

Sex TOTAL Positive (%) Equivocal (%) Negative (%) 

Male 106 81 (76.4) 7 (6.6) 18 (17) 

Female 194 147 (75.8) 14 (7.2) 33 (17) 

TOTAL 300 228 (76) 21 (7) 51 (17) 

 
χ2  = 0.0405;  P = 0.9799 
 
 
 
5.4.3 Age wise distribution of measles IgG positivity among the control and 

study population 

Among control group, sero positivity among children in the 4 years age group was 

77.5% and the lowest in those less than two years (61%); among the study group 

highest was in children of the 5years age group and lowest in less than two years. 

There was no statistically significant difference between the age groups (χ – 39.3668, 

P-0.4085) (Table 5.31). 
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Table 5.31:  Age wise distribution of measles IgG antibody 
 

Control population Study population 

Age in 
years 

No 
tested Positive Equivocal Negative No 

tested Positive Equivocal Negative

1 - 2 21 13 
(61.9) 0 8 (38) 11 8 

(72.7) 1 (9) 2 (18.1) 

3 35 23 
(65.7) 5 7 (20) 30 24 (80) 3 (10) 3 (10) 

4 49 38 
(77.5) 2 9 (18.3) 49 38 

(77.5) 4 (8.1) 7 (14.2) 

5 45 32 
(71.1) 5 8 (17.7) 60 52 

(86.6) 1 (1.6) 7 (11.6) 

Total 150 106 
(70.6) 12 32 

(21.3) 150 122 
(81.3) 9 (6) 19 

(12.6) 

 
 
5.4.4 Concentration of measles IgG antibodies among the control and study 

populations 

The control and study population’s antibody concentration were observed from 

50mIU/ml to 5000mIU/ml concentration. The control population had an average of 

1500mIU/ml concentration of antibodies, while study population had average of 

1784mIU/ml of antibody (Figure 5.31).  Maximum number of control (45 out of 

106) as well as study population (44 out of 122) had antibody concentration between 

250mIU to 1000mIU/ml (Table 5.31). Twenty children (18.8%) from control 

population and sixteen children (13.1%) from study population had >5000mIU/ml of 

antibody concentration. Of the 51 negative children (32 control and 19 study 

population), 18 children had nil antibody (≤50mIU/ml), of which 5 individuals were 

from study population (Table 5.32). 
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DISCUSSION 

 

Surveillance is the foundation of public health efforts to control, eliminate and 

eradicate disease. Baseline disease incidence rate is understood if regular monitoring 

or disease reporting are conducted via sensitive surveillance systems.350 In India, 

approximately 50, 000 cases are reported per annum. However, this incidence rate is 

probably underestimated, because generally many measles cases do not present to 

health facilities and only some of the cases with complications reach the public 

sector hospitals. This leads to incomplete reporting and reported cases being grossly 

underestimate of actual incidence of measles cases and deaths.22 

The present study was conducted in Tamil Nadu, one of the southern states in India 

during 2002 - 2007. The total population of the state is 62,110,839, of which 

6,817,669 are under 6 years. The density of the population was 460 – 857 per square 

kilometer population (according to 2006 estimation).351 

In India, though several reports are available on investigations of outbreaks of 

measles and laboratory confirmation, there has not been a systematic investigation 

as per the recommended protocols for outbreak investigation by the health system in 

the country prior to 2005. Therefore, the burden of measles is not exactly known.  

6.1.1 Year and district wise distribution of suspected measles outbreaks / cases 

Surveillance was initiated in 2002; since then 153 outbreaks were investigated, and 

it is observed that number of outbreaks have increased since 2004 (Table 5.1). This 

is probably because measles surveillance was implemented in Tamil Nadu in 2003 

in a phased manner with active involments of surveillance medical officers. 
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District wise distribution indicates that though outbreaks were reported from all 

districts of Tamil Nadu except Nagapattinam and Theni, more number are reported 

from Vellore, Virudhunagar, Villupuram and Ramanathapuram probably because of 

better surveillance system in those districts (Figure 5.1). 

6.1.2 Month and Seasonal wise distribution of suspected measles outbreaks 

In the present study, it was observed that measles outbreaks started in the month of 

August / September corresponding to the south west monsoon season and gradually 

increased in October /November corresponding to the south west monsoon and 

reached peak in January / February corresponding to the winter season in Tamil 

Nadu. (Figure 5.3). Lowest incidence is in the month of June. (χ2 – 77.1728; P 

=0.0259). This is consistent with reports from other researchers for rest of the 

country130, 131, 136, 137. In India measles epidemic are more common in winter and 

early spring5. This concurs with other investigators who reported outbreaks in 

tropical countries appeared after in the rainy season124. This pattern of seasonality 

was observed in other SEAR member countries of WHO also; in Bangladesh and 

Nepal (2003 – 2007) the measles cases started to increase in November / December 

month and reached peak in the month of March and April corresponding to the rainy 

seasons in the respective countries.352, 353 The analysis of laboratory confirmed 

measles outbreaks also followed the same pattern of seasonal variations. Measles 

and Rubella were reported through out the year and during all seasons. However, 

during the Premonsoon season (March - May) the circulation of measles decreased 

(72.9% of the outbreaks was confirmed as measles) and simultaneously the rubella 

virus circulations seems to increase i.e., 50% of the rubella (2 out of 4) and mixed  

(8 out of 16) outbreaks were confirmed during the period (Table 5.12 & Figure 5.7). 
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6.1.3 Laboratory confirmation of suspected measles outbreaks/ Cases: Table 5.6 

In the present study, 85.6% of the suspected outbreaks were confirmed as measles, 

2.6% as rubella, 10.5% as mixed and 1.3% as negative for both. During 2002 -2007 

it was observed that the percentage of the confirmed outbreaks varied between the 

years from 75% in 2003, 73.7% in 2004, 91.3%in 2005, in 2006 and 2007 

percentage of confirmed measles came down to 87.8 in 2006 and 83.3 in 2007. 

Simultaneously percentage of confirmed Rubella increased from 2.4% in 2006 to 

5.6% in 2007. Mixed outbreaks were reported in all years. Two outbreaks were 

negative for both one each in 2005 and 2006. The number of confirmed measles 

outbreaks reduced over the year from 2005 and simultaneously the percentage of 

rubella and mixed outbreaks increased (Table 5.6 and Figure 5.5). Although, not 

statistically significant (χ2 – 13.1391; P = 0.1564), this kind of scenario was 

observed in the whole of the whole country of India also; the percentage of measles 

cases was 81.9% in 2005, 80 in 2006 and 60% in 2007. On the other hand, the 

percentage of rubella cases increased gradually from 0.4% in 2005 to 4.8 in 

2007.353,354,355 This trend of increase in Rubella and decrease in measles outbreaks is 

seen in 2008 also, the cumulative data from 5 states (Andhra Pradhesh, Karnataka, 

Kerala, Gujarat and West Bengal) found that 53.7% of the suspected outbreaks were 

confirmed as measles, 15% as rubella, and 25.7% as negative.356  

However, the percentages of measles and rubella cases between the SEAR member 

countries varied with exception of Bangladesh which is experiencing increase in 

Rubella over the years from 2005.352  

Sensitivity for detection of IgM based on day of sample collection  

In the present study, seventy nine percentages of the samples were positive for 

measles IgM if collected between 1 and 3 days after the onset of rash. Highest 
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percentage (86.5%) of samples was positive if collected between 4 and 10 days and 

lowest percentage was observed if collected during 21 – 41 (73.3%) days after the 

rash onset (χ2 – 17.086; P = 0.009). 

The study results was concordant with finding of other researchers also; in 1997 

Helfand et al reported that 77% of the samples that were collected with in 3 days 

after the onset of rash were positive and  100 % was positive if collected between 

days 4 and 11155. In 1992 Ozanne G et al reported the seropositivity gradually 

increased from 40% in 1st day of rash onset to 90% in 7th day after the onset of 

rash159. In 2005, Mosquera MM et al have found 65.8% of IgM positivity if the 

samples collected within 3 days after the onset of rash.173  

 In 2000, Ratnam S et al in their study found that only 60% was positive with 

samples collected with in 3 days after the onset of rash and it increased to 80% if 

collected between 4 and 10 days post onset of rash.156  

In the present study found approximately 12.2% of the suspected measles cases were 

negative for both measles and rubella. One of the probable reasons could be 

circulation of other exanthematous illness which was not investigated in this study. 

In 1992 Dietz VJ et al have reported in Puerto Rico 34% of the suspected measles 

cases were confirmed as dengue.357 In 2006, Campagna DS et al from Brazil 

reported during 21/09/02 to 20/09/2002, 77.5% of the exanthematous diseases were 

confirmed as dengue, 8.4% HHV 6, Parvo virus 2.8% and 11.3% inconclusive.358  

In 2005, Gonçalves G et al reported an outbreak of rash illness in Portugal. The 

authors confirmed that Parvo virus was the causative agent and concluded the 

infection easily makes confusion with measles and rubella, particularly the latter’s 

prevalence decreased.359 In 2005, Kelly H et al from Australia also reported the 

prevalence of Parvo virus infections among the suspected measles cases. During 

1999 – 2004, 2 to 10% of cases with rash illness were due to parvovirus infection.360 
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The Parvo virus infection reported from India also; in 2006, Kishore J et al from 

Lucknow have reported a case with Erythema Infectiosum with Myositis.361 In 2002, 

Oliveira et al from Brazil were screened 17 children with exanthema after measles 

immunization for human Parvovirus B19, Human herpes simplex viruses and 

measles virus. The authors found that 76.5% of children were positive for human 

herpes simplex virus 6, 17.6% for human Parvo virus B19 and one child due to 

measles vaccine.362 

6.1.4  Age and Sexwise Distribution of Measles Cases 

In India, during the early 1980s, maximum numbers of cases were reported among 

the younger children. In 1980, John TJ et al from Tamil Nadu have reported 86.1% 

of the measles cases occurred in children 0 – 5years and 13.8% in 6 – 9 years age 

group in three villages of Vellore district.130 The similar pattern of age distribution 

was observed from other state of India also; in 1993, Risbud AR et al have reported 

that 96% of the measles cases of an outbreak in Thane, Maharastra were under 6 

years.131 

In the present study, the age of measles cases ranged from few months to 45 years 

(mean 7.3). Maximum number of cases (52.3%) was observed between 5 and 10 

years age group and 22. 4% from 1 - 5 years, 17.8% from over 10 – 15 years age 

group and 1.9% of the cases were under 1year. There appears to be a shift in age in 

incidence of measles cases. 

Pattern of age distribution of measles confirmed cases from India, between age 

groups 1- 4 and 5 – 9 were almost the same. (38.7% in 1-4 years and 38.5% in 5 - 9 

years age group19. These variations may be due to the vaccination coverage among 

the states of India.  
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In SEAR countries, the age distribution of measles cases varied widely; in 2005, 

highest incidence was in children 1 - 4 years children from Bangladesh and 

Indonesia. In Myanmar and Nepal higher percentage was observed among the 5 – 9 

years age children. In Bhutan and Maldives maximum number of cases was 

observed in children over 15 years of age.354  

In 2004, Ariyasriwatana C et al reported that the age of measles cases in Thailand 

ranged from 2 months to 14.8 years. Among the total cases, 40% of them were under 

one year, of which 23.9% were under 9 months.363 In 2003, Puvimanasinghe JPA et 

al have reported that in Sri Lanka during 1999 – 2000, over 54% of the cases were 

among the children over 15 years.124 In 2003, Jha N et al from Nepal reported 50% 

of the cases were over 10 years of age.123. During 2000 – 2001, measles outbreaks in 

Tanzanian refugee camps found that 21% of the cases were less than 9 months and 

31% in 6 – 15 years age group and 21% of the cases over 16 years old.364 In 2003, 

measles outbreaks that occurred in Tunisia found that 64% of the measles cases were 

among over 15 years age group.365 In 2003, Muscat M et al have reported maximum 

number of cases in Europe was among the 5 – 9 years age group.366 

In 2003, Stein CE et al have reviewed the global burden of age distribution of 

measles cases based on the country’s measles immunization coverage. The authors 

found 65% of the cases were between 1 and 4 years children, followed by 18% from 

5 - 9 years, 12% from 6 – 11 months and 4% from 10 – 14 years and 1% from 15 – 

19 years, in countries that had reported less than 80% of vaccination coverage. 

Where as in countries that have reported over 80% of the vaccine coverage, though 

the percentage of the children in 6 – 1 months of age remained same at 12% 47% of 

the cases were from 1 – 4 years, 25% from 5 – 9 years, 11% from 10 - 14 years and 

5% from 15 – 19 years children. This clearly suggests the age shift from younger 
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children to older children is evident when the immunization coverage reached >80 

percentage.367  

The age distribution of measles cases in countries that have eliminated measles is 

different. In 2004, Papania MJ et al have reported from USA that 45% of the 

measles cases reported during 1997 – 2001 were over 19 years of age100. In 2009, 

Wichmann O et al have reported the incidence of measles in Germany during 2006. 

The authors observed age shifting from <5 years in 2001 to 10-14 years in 2006.118  

These data clearly suggests that age shift occured among the measles cases in the 

state, as a result of high level vaccination coverage being maintained in the last 10 

years. 

In the present study, the distribution of measles confirmed cases among the sex was 

more or less similar; male 52.7% and female 47.3%. The difference is not 

statistically significant (χ2 – 7.2749; P = 0.2010). In 2004, Ariyasriwatana C et al 

from Thailand reported the male and female ratio was 1.56:1.363 In 2003, 

Puvimanasinghe JPA et al from Sri Lanka reported 52% of the cases were male, 

giving a male to female ratio of 1.1:1124. 

6.1.5 Measles outbreaks in immunized population: 

In Tamil Nadu, despite the maintenance of high level (>98%) of immunization 

coverage with single dose of monovalent measles vaccine, measles outbreaks have 

been reported from all the districts. This has also been the experience of many 

countries with high coverage124,368 where large outbreaks continue to occur in spite 

of high vaccination coverage with single dose vaccine.  

In the present study, 47% of the cases were immunized, as evidenced by the 

availability of vaccination card or parents / health workers statements, immunization 
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of a large proportion (50%) could not be verified. Outbreaks in well vaccinated 

population have been observed from other parts of India as well as from many 

countries; in 2004, an outbreak reported from Chandigarh, India also found 32.7% of 

the cases were vaccinated.369 In 2008, Kumar RS et al have reported that 20% of the 

measles cases that occurred in bordering districts of West Bengal were vaccinated139. 

In Sri Lanka, a large measles outbreak occurred from October 1999 through 2000 

following a period of low incidence. In the outbreak, 40% of the measles cases were 

vaccinated124. In 2003, Jha N et al have reported measles cases in Dhankutta, Nepal. 

A total of 130 cases were registered at the district hospital and all the cases were 

immunized. The authors concluded that the need for investigation of vaccine 

efficacy and cold chain efficiency was required123. In 2005, Yan Y et al have 

reported epidemiology of measles and rubella cases occurred in Jingzhou district, 

Hubei province of China, the author found 41.3% of the measles cases were 

vaccinated.370 Occurrence of measles in vaccinated individuals has been documented 

from the countries that have eliminated indigenous measles. In 2004, Papania MJ et 

al have reported the measles epidemiology in the United States during 1997 – 2001. 

During the period, 28% of the measles cases had received single dose measles 

vaccine and 4% of them had received two dose of vaccine100. Similarly, United 

Kingdom also, declared elimination of their indigenous measles viruses, however, in 

the recent years increased number of cases was observed among the inadequately 

vaccinated children242. 

Measles outbreaks in well vaccinated population could be due to primary and 

secondary vaccine failure.371 The frequency of primary vaccine failure is variable 

and has been shown to be a function of age at the time of vaccination, the number of 

doses, the immunogenicity of the strain of the virus used to manufacture the vaccine, 

and the geographic region.372-374  Secondary vaccine failure is defined as the 
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occurrence of measles in persons in whom post vaccination serologic conversion has 

been documented. Understanding the role of primary and secondary vaccine failures 

in measles epidemics is important for the evaluation of measles control programs in 

developing countries.373-376 High population densities also facilitate transmission of 

the virus; as it was observed from an outbreak in a Tanzanian refugee camp364 and 

persistent transmission in the eastern provinces of China.377 

In the present study, only in 50% of the cases vaccination status was not known. 

This kind of situation was observed even in well developed countries; in 2004, Oster 

NV et al have reported that vaccination status was available in only 79% of the 

measles cases reported during 1993 – 2001 in USA.101 In 2003, Muscat M et al have 

reported that in Europe vaccination status of measles cases was available only in 

56% in 2000 and 72% in 2001.366 In 2003, Guris D et al reported that 43% of 

measles cases vaccination status was unknown in Turkey.378 

Measles has been eliminated in industrialized countries; however they do experience 

small outbreaks and sporadic cases among their unvaccinated population, as a result 

of migrant population and international importation. In 2001, Davidson N et al have 

reported a measles outbreak in Melbourne, Australia after a 19 year old returned 

from India with measles. Following that, 50 cases were reported and all the cases 

were aged between 20 and 33 years.122 In 2008, Zamir CS et al reported a measles 

outbreak in Jerusalem, Israel. The outbreak originated after the visit of 3 individuals 

with measles from London. Most of the cases belonged to 1- 4 years and 96% of 

them were unvaccinated111. In USA and United Kingdom, most of the cases are 

associated with international importation or are epidemiologically linked to imported 

cases; in 2005, Ratho RK et al reported an outbreak in migrant populations in 

Haryana, India.137 
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6.2 VIRUS ISOLATION 

Primary cultures of human embryonic kidney cells or monkey kidney cells and Vero 

cells were employed for isolation of measles virus. In 1990, Kobune F et al had 

reported the sensitivity of B95a cell line as against Vero for the isolation of measles 

virus. The B95a cell line is 10,000 times sensitive than Vero cell line.343  

Human CD46 has been shown to be a cellular receptor for vaccine strains of measles 

virus. In 2000, Tatsuo H et al have reported that signaling lymphocytic activation 

molecule (SLAM) is a cellular receptor for wild type measles viruses.45. 

In the present study virus isolation was attempted from urine and throat swabs using 

three cell lines (Vero, B95a and Vero/hSLAM). Virus isolation was successful in 

B95a and Vero/hSLAM cell lines; 29% positivity in vero/hSLAM and 18.5% in 

B95a.  In 2001, Ono N et al have reported that wild type measles viruses use SLAM 

(CD150) as a receptor. The authors found none of the samples produced plaques in 

vero cell line, which do not posses SLAM receptors.47 But it produced titers in 

Vero/hSLAM cell line, which explains why none of the samples produced CPE in 

vero cell line in the present study.    

In this study throat swabs has higher sensitivity than urine samples for virus 

isolation. Virus isolation was positive from 27.7% (18 out of 66) of the throat swabs 

and 18.1% (31 out of 171) of the urine samples. Throat swab was proved to be the 

preferred specimen for the detection of measles virus RNA by RT PCR174.  

 The percentage of virus isolation varied based on timing of sample collection. In 

1995, Ihara T et al have reported that 91% of the urine samples were positive when 

collected 0 – 2 days after rash onset. Successful isolations dropped to 67% if 

collected 3 – 5 days after rash onset. Virus isolation beyond 5 days was completely 

negative.379 In the present study, it was found that 47.2% of the throat swabs were 
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positive if collected 0 – 2 days and the percentage dropped to 31% if collected 3 – 5 

days after the rash onset. Like wise, 28.2% of the urine samples were positive when 

collected within 2days post onset of rash. The percentage decreased to 14.2% if 

collected 3 – 5 after the onset of rash. None of the samples were positive if collected 

beyond 5 days after the onset of rash. Optimally measles virus is excreted from 

infected cases only for the first 5 – 7 days after rash onset, often in low titers. WHO 

has recommended samples for virus isolation should be collected with in 5 days 

(ideally with in 3 days) after the onset of rash3. For these reasons, attempts to detect 

virus from suspected measles cases is not considered to be a useful diagnostic tool.  

Overall 20% of the cases were confirmed by virus isolation as against over 90% of 

the cases by IgM detection. In 2003, Binnendijk RSV et al reported 18% of the cases 

were confirmed by virus isolation and 100% by IgM detection.145 In 2005 Mosquera 

MM et al have found 56.2% of the cases were confirmed by virus isolation as 

against 88.2% of the cases were confirmed by IgM detection.173  

It is well understood that measles case confirmation by virus isolation is less 

sensitive. The measles virus genome is relatively stable and shows minor detectable 

changes over the course of an outbreak or even over 12 months. Hence, isolation of 

virus from all cases is not considered necessary and 1 or 2 isolates from each 

outbreak or chain of infection will provide sufficient data to determine transmission 

pathways11. In the present study, samples for virus isolation were collected from 69 

outbreaks and 8 sporadic cases. An average of 3 samples from each outbreak were 

tested for virus isolation and virus isolation was successful from 29 outbreaks (42%) 

and 37.5% of the sporadic case. This suggests that collection of few samples from 

representative outbreaks is sufficient for molecular epidemiological studies. 
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6.3 GENOMIC SEQUENCING OF MEASLES ISOLATES 

Molecular surveillance is most beneficial when it is possible to observe the change 

in virus genotypes over time in a particular region because this information, when 

analyzed in conjunction with standard epidemiologic data, has helped to document 

the interruption of transmission of endemic measles as well as identify importations 

and trace the transmission pathway.234,380 Many countries have declared the 

elimination of indigenous measles virus circulation based, in part, on molecular 

epidemiological data.  For example, in USA, during the resurgence period (1989 – 

1992) genotype D3 was in circulation. Since 1994, no indigenous virus (genotype 

D3) was isolated and multiple genotypes were detected from small number of 

cases241.  This kind of scenario was observed from all the countries that have 

declared the elimination of indigenous measles viruses.  In UK, genotype C2 and D6 

considered as indigenous virus, were not detected since 1998 and 2000, 

respectively.169 In Australia, during 1970s genotype D1 was in circulation, then it 

was replaced by genotype D7. In 1990s, genotype C1 and H1 were in circulation, 

after that several genotypes were detected and failed to detect endemic genotype.223 

In Canada, from 1979 to 1996, three genotypes (C1, C2 and E) were detected, but in 

the subsequent years these were not detected however several other genotypes D3, 

D4, D5, D6, D7 and D8 were detected which were traced to importations from 

outside the country.212 

Therefore, establishment of baseline molecular data and continuous monitoring of 

circulating viral genotypes is an important component of laboratory surveillance for 

measles and the World Health Organization recommends virological surveillance 

during all the phase of measles control.3  
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Measles sequence variations / genotypic pattern in endemic countries 

The mutation rate amongst field isolates of measles virus is low and appears to be 

random rather than driven by vaccine pressure or immune responses. Within a 

genotype, nucleotide difference (virus lineage) can assist in distinguishing separate 

episodes of transmission.233 In the present study the nucleotide difference was 

observed based on the outbreak / transmission chain.  

In countries or regions with endemic measles, many lineages of a single genotype 

may co- exist; however as countries begin to move from endemic to epidemic 

measles the diversity of sequences within the circulating genotypes decreases.204,219 

This is consistent with the present study also; multiple lineages of genotype D8 

strains were circulating in the state during 2003 – 2007. In 2002, Oliveira MI et al 

have reported, the genotype D6 virus associated with a large measles outbreak that 

occurred in several South American countries between 1996 and 1997 had identical 

N gene sequences suggesting rapid spread of a single lineage211. Analysis of measles 

viruses circulating in Burkina Faso, before and after a mass vaccination campaign, 

showed that the number of circulating lineages was greatly reduced following the 

campaign. Sequence analysis of viruses isolated from outbreaks that occurred after 

the vaccination campaign suggested that virus was introduced from a single 

source219. 

Situation in India 

Before this study was undertaken, very few reports on circulating genotypes were 

documented. In 2002, Wairagkar NS et al reported the circulation of genotype D4, 

D8 and A in Pune, Maharastra state.224 In 2004, Japanese researchers had reported 

the detection of genotype D3 from Lucknow city, Uttar Pradesh.231 The reported 

studies were conducted in central and northern states / places of India. There were 
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no reports from southern states of India. Therefore, this study was conducted in 

Tamil Nadu state to establish baseline molecular data about the circulating measles 

viruses. 

In the present study 49 isolates were obtained from 29 outbreaks and 3 sporadic 

cases from 15 districts of Tamil Nadu. The isolates were mostly obtained from 

villages, small towns and few hill stations. N gene of 48 isolates and both H and N 

gene of one isolate were sequenced as recommended by WHO. During 2003 – 2007, 

three genotypes (D4, D7 and D8) were found to be co circulating in Tamil Nadu, of 

which genotype D8 strain was frequently detected. Multiple genotypes were co 

circulating in a district. In 2005, genotype D4 and D8 were detected in Vellore 

district and in Krishnagiri district in 2006. 

Genotype D4 

The genotype was first detected in 1978 in South Africa and Namibia. Since then the 

genotype was detected from several other countries either as indigenous 

transmission or importation from endemic countries. The countries include South 

Africa, Namibia, Kenya, Ethiopia, Pakistan, Lebanon, Afghanistan, Syria, Iran India, 

Nepal, Japan, Australia, UK, Denmark, Netherlands, Germany, Spain, Croatia, 

Russia, USA and Canada.233  

In India, genotype D4 was first detected during the mid 1990s233, as an importation 

into USA210, Netherland243, Canada212, and UK169.  In the present study, D4 was 

implicated in 4 outbreaks. The D4 strains isolated in Tamil Nadu differed from each 

other by a maximum of 1.5%. The analysis of strains detected in India, revealed the 

strains differed from each other by a maximum of 2.4% (Figure 5.22 and 5.23). The 

strains from Tamil Nadu were distinctive from other D4 strains isolated in India. 
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Genotype D7 

Genotype D7 was first reported by Chibo et al in 2000; the authors found its 

circulation in Australia, during 1985 – 1989.223 Later in 2002, Jin L et al have 

reported the detection of D7 strain from a SSPE case, which was in circulation 

during 1980s.172 After that the genotype was mostly detected from many European 

countries (UK, Germany, Sweden, Europe, France, Spain, Italy) and in few 

American countries (El Salvador, USA, Canada, Mexico), as an importation from 

European countries.213,233  

Among the WHO SEAR member countries, before this study was undertaken this 

genotype circulation was documented from Bangladesh (2004 – 2005) 10, Burma 

(2001), and Sri Lanka (2000), as importations into Australia.245 In 2003, this 

genotype was identified from Chennai; this is the first isolation of measles genotype 

D7 from India.77,202,204 Subsequently, other workers in India had identified this 

genotype from Pune in 2004 and 2007 and from a SSPE case in Bangalore in 2005.77 

This suggests that D7 was in circulation in India with low level of detection which 

improved as a result of expansion of virological surveillance. The strains detected in 

India are distinctive from each other and formed separate clusters; this was observed 

based on H gene analysis also. The strain detected in Tamil Nadu has only 94% 

nucleotide sequence identity with strains detected in Pune and Bangalore city, but it 

shares 99% identity with strains detected in European countries. This indicates 

multiple groups of D7 viruses may be in circulation. 

To understand the relationship of the strain detected in Tamil Nadu, it was analysed 

with global strains. Phylogenetic analysis showed that the global strains formed four 

distinct clusters. The strain detected from Tamil Nadu is closely associated with 

strains detected in many European countries and USA and formed a distinctive 

genetic cluster; with in the cluster these strains are closely related interrelated with a 
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mean distance of one nucleotide, despite these were isolated during the period  

2000 – 2004. 

The genotype D7 has been detected from European countries since late 1990s. In the 

early years, genotype C2 has been continuously detected since the early 1970s and is 

therefore considered to be the indigenous genotype of Europe.233, 381 Genotype D6 

viruses have been regularly reported from different countries of the European 

Region since the early 1990s and genotype D6 associated outbreaks or  

sporadic cases in other continents were mostly due to measles virus importations 

from Europe.210, 212,233,381 These observations thus provide overwhelming evidence 

for the endemic circulation of genotype D6 in Europe at least during the past  

15 years. Measles cases in the European region associated with other genotypes 

were mostly due to virus importation from other continents.381 Therefore, the 

original source of the D7 viruses that was circulating in Europe may be from some 

other continents. The recent detection of D7 strains in India suggests that India may 

have been the original source of genotype D7 in Europe, but expanded virologic 

surveillance in India is needed to establish the extent of circulation of  

genotype D7.204 

Genotype D8 

Measles genotype D8 was first detected in the United Kingdom in 1994214 and it was 

linked with endemic cases in India.243 During 2001, Truong et al have identified the 

circulation of genotype D8 in Nepal and Nigatu et al have reported the circulation in 

Ethiopia.382 More recent surveys have shown that genotype D8 is endemic in India, 

Nepal and Bangladesh. Besides these endemic countries, D8 has also been detected 

from Ethiopia , Pakistan and Oman, Australia, UK, Spain, Yugoslavia, Albania, 

Italy, Lithuania, USA and Canada (AMERICAS).202, 233  
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In the study D8 was implicated in maximum number of outbreaks (24nos). The 

analysis of all the D8 strains detected in Tamil Nadu revealed that the strains 

differed from each other based on the outbreaks / chain of transmission. This clearly 

demonstrated that multiple lineages of genotype D8 are co-circulating and widely 

disseminated throughout the state, a pattern consistent with an endemic genotype.  

Detection of identical sequences 

Two strains from two outbreaks and four strains from four other outbreaks shared 

100% identical sequences. There was no known epidemiologic linkage between 

these cases, though the sequence identity suggests a single chain of transmission. 

The detection of identical sequences from multiple cases in multiple years was 

reported from Japan, China and Turkey.383, 384, 215 In Japan, sequences of genotype 

D5 from three measles cases were identical though they had been detected from two 

different cities.383 In China, identical genotype H1 sequences were detected in 

multiple provinces at the same time and identical sequences were sometimes 

detected during different years in the same province.384 In Turkey, most of the 

genotype D6 sequences detected in 2001 were identical, though they had been 

detected in many different provinces.215 

The strains detected from Tamil Nadu were analysed with global strains (including 

other parts of India), to find out the relationship of the strains and identification of 

possible transmission pathways. The analysis suggests that strains from Tamil Nadu 

are distinctive to other global strains. The strains formed two distinctive clusters. 

This nature is supported by standard epidemiology also; these viruses were isolated 

from through out the state. Thus indicates the genotype D8 strains isolated from 

Tamil Nadu are indigenous 
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Identification of transmission pathways 

Molecular data help confirm the sources of virus or suggest a source for “unknown 

source cases.” Phylogenetic analysis of global strains revealed, 10 strains detected in 

USA and UK formed clusters with Tamil Nadu strains and 5 of them (3 detected in 

UK and 2 in USA) shares 100% sequence homology with some strains from Tamil 

Nadu. This suggests that the strains from Tamil Nadu may be associated with 

importations into USA and UK at least on 10 instances between 2002 and 2007.  

However, virological surveillance is still incomplete in India and the true diversity 

of the Indian measles strains is not known. The expansion and continuous 

monitoring will provide the true diversity of Indian measles strains.  

6.4 SERO SURVEY FOR MEASLES TO ESTIMATE THE SERO CONVERSION 

AFTER A SECOND DOSE OF MEASLES CONTAINING VACCINE 

Immunity against measles could be induced by immunization with measles 

containing vaccine or through natural infection. The production of immune response 

is influenced by several factors, such as interference of maternally derived 

antibodies, dosage of vaccine, type of vaccine used, status of immunological 

systems and nutritional status. Therefore, conducting sero survey studies will help 

health authority to know the percentage of immune population in a community, thus 

indicating susceptible population and effectiveness of vaccination programme. In 

Tamil Nadu, despite the maintenance of high level of immunization coverage with 

single dose of measles vaccine, measles outbreaks were reported from almost all the 

districts. Therefore, pilot scale mass vaccination programme was conducted in five 

blocks of 5 districts. In the present study, MMR vaccine manufactured by serum 

institute of India was used for the pilot immunization campaigns. The vaccine 

contains Edmonston Zagreb measles vaccine, Leningrad Zagreb mumps virus and 
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RA27/2 rubella. In 2000, Tischer et al showed that persons vaccinated with Moraten, 

Schwarz and Leningrad 16 strains had higher antibody concentrations than those 

vaccinated by the Edmonston –Zagreb strain (mean values 3.5IU/ml, 2.0IU/ml, 

2.3IU/ml and 1.2 IU/ml, respectively.385 

In 1999, Rita HF el al have reported that 85% of the samples collected after 1 month 

of vaccination were positive for measles IgG antibodies.293 In the study, the samples 

were collected 3 months after the vaccination.  

The present study, found that 70% of the control group (who had received single 

dose of measles vaccine) was protected against measles as against 81% of study 

population (individuals received two doses of vaccine). Among the study population, 

lowest percentage was observed in Tiruvannamalai district and highest percentage in 

Cuddalore district.  

In most developing countries, children are vaccinated against measles at 9months of 

age, when seroconversion rates of 80 – 85% may be expected.262 But the present 

study found that only 70% of the individuals are protected and another 8% of the 

individuals partially protected. The presence of detectable measles antibody has 

been thought to indicate that an individual would be protected from clinical disease 

if exposed to the measles virus. In 1990, Chen RT et al have reported that PRN titers 

<120 were not protective against measles, titers of >120 but <1,052 may protect 

against classic measles, but not against mild clinical infections and those of >1,052 

indicate full protection.318 This explains why measles outbreaks are still reported 

from Tamil Nadu despite the maintenance of high level of immunization coverage. 

WHO has standardized an international reference serum (NIBSC 66/202), to be used 

for the estimation of measles immunity. The serum contains 5IU/ml of measles 

antibody concentrations. In 1995, Ratnam S et al analysed the serum and found 

255mIU/ml concentration of antiserum yielded a PRN titer of 120 (which is 
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protective level). Therefore, in the study, individuals who had >255mIU/ml of 

antibodies were considered positive and individuals who had >200mIU/ml and 

<255mIU/ml of antibodies were calculated as equivocal.321 The kit’s lower 

detectable limit was 50mIU/ml of antibodies; 18 children had nil titer of antibodies 

of which 5 children belonged to the study population. This clearly indicates vaccine 

failure, which could be various reasons; improper storage and handling of the 

vaccine and emphasizes the need for surveillance and improvement of the 

vaccination program. In 2001, Rawat D et al have found 20% of the vaccinated 

children negative for measles antibodies (received single dose).310  

In India, including Tamil Nadu several seroconversion studies were reported. The 

percentage of seroconversion ranged from 80 – 92%. The limitation of these studies 

may be that they had used ELISA kits from different manufactures and interpreted 

the result according to the respective manufacture’s guidelines and no study used 

WHO international antiserum (NIBSC 66/202) as a calibrator. So the percentage of 

the seropositivity depends upon the kits sensitivity and specificity. But in the present 

study, WHO international antiserum was used as control, which gives precise status 

of immunity among the Tamil Nadu population. 

The precise immunity level at which measles transmission is interrupted is not 

known;386 however, seroprevalence studies in the USA and other developed 

countries suggest it is in the range of 90% - 95%.387 This experience is consistent 

with mathematical models that estimate the herd immunity threshold for measles in 

industrialized countries is 91% - 93%.388 This level of immunity must be maintained 

uniformly across all age cohorts and geographic areas of a country to sustain 

interruption of measles transmission.386 In this study 30% of population who had 

received measles vaccine was susceptible to measles. Therefore, second opportunity 

for measles vaccination should be provided.  
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SUMMARY 

Measles continues to be a leading cause of childhood morbidity and mortality in 

developing countries despite availability of effective vaccine over the past 40 years.  

Most industrialised nations have initiated accelerated measles control activities as 

per the World Health Organization guidelines.  One of the main strategies 

recommended by WHO and UNICEF for achieving sustainable mortality reduction 

goal is establishment of effective surveillance and laboratory confirmation of 

suspected outbreaks and in later stages investigation of all suspected cases.12-14  

The non-specific nature of the prodromal signs and the existence of mild cases, 

make clinical signs unreliable as the sole diagnostic criteria of measles disease. 

Moreover there are other conditions and infections that may present with similar 

symptoms Surveillance based on clinical recognition is inaccurate therefore, 

laboratory confirmation of suspected cases complimented by genotyping of 

circulating virus is critical for effective surveillance. At all stages of measles control 

and elimination estimation of susceptible population would provide the program 

information on vaccine efficacy and immunization coverage.1,3 

In Tamil Nadu state, though high level of immunization coverage is being 

maintained for the past several years, suspected measles outbreaks are reported from 

almost all the districts. However laboratory confirmation was very limited. Before 

this study was planned, only few studies are reported on laboratory confirmation of 

suspected measles outbreaks and evaluation of immune response against measles 

containing vaccine. But, these studies were based on hospital settings and/or limited 

to confined area mainly from one city in North Arcot district of Tamil nadu 

state.130,303 Therefore, the true prevalence of the measles in the state of Tamil Nadu 

is not known. Most importantly, no reports are available on circulating genotypes of 

measles virus. This study was undertaken to investigate and confirm reported 
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outbreaks of suspected measles, establish evidence of circulating measles virus 

genotypes, and assess the impact of introduction of second dose of measles vaccine 

in a selected population. The study was conducted during 2002 – 2007 at the 

Department of virology, King Institute of Preventive Medicine, Chennai, India. 

In the present study (2002 – 2007), 153 suspected measles outbreaks reported from 

28 districts were investigated. No outbreak was reported from 2 districts 

(Nagapattinam and Theni).  

Blood, throat swab and urine samples were collected  

797 blood samples were collected from clinically suspected cases from out breaks. 

The blood samples were tested for presence of measles and rubella IgM as per the 

WHO recommended algorithm of testing (Figure 4.1). Of the 797 samples, 78.4% of 

the samples were positive for measles, 5.4% equivocal, 3.7% Rubella and 10.7% 

were negative for both.  Through this it was possible to classify the 153 outbreaks 

that were investigated between 2002 and 2007; 131 (85.6%) were confirmed as 

measles, 4 (2.6%) Rubella, 16 (10.5%) mixed infections and 2 were negative for 

both.  

Among the 102 samples from sporadic cases, 76 were confirmed as measles, 2 as 

rubella and 24 negative for both.  

Maximum number of outbreaks  were reported from Vellore district (24) accounting 

for 15.6% of the outbreaks, followed by Virudhunagar (18), Villupuram (14) and 

Ramanathapuram (12) and only one outbreak each from Kanyakumari, Karur, 

Nilagiri, Thanjavur and Thiruvarur districts.  

Measles was confirmed from 27 out of 28 districts. In Kanyakumari district, only 

one outbreak was reported which was confirmed as rubella. In addition to 
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Kanyakumari district, rubella outbreaks were confirmed from Vellore and 

Villupuram districts also. Mixed measles and rubella outbreaks were confirmed from 

10 districts. The two outbreaks that were negative for Measles and Rubella were 

from Cuddalore and Ramanathapuram districts. 

The percentage of Measles confirmed outbreaks varied between the years; in 2002 – 

all the outbreaks were measles, in 2003 – 75%, 2004 – 73.7%, 2005 – 91.3%, 2006 – 

87.8% and 83.3%  in 2007 (Table 5.6). 

 In case of rubella; there were Nil Rubella outbreaks in 2002, 2003 and 2005.  In 

2004 5.3% were confirmed as Rubella, 2.4% in 2006 and 5.6% in 2007 (Table 5.6). 

Measles and rubella mixed outbreaks were confirmed in all the years except 2002. 

2003- 25%, 2004 - 21.1%, 2005 - 6.5%, 2006 - 7.3% and in 2007 – 5.6% (Table 5.6)  

It is noticed that the highest incidence of measles outbreaks was in 2005 there after 

there has been a decline. At the same time, the percentage of rubella and mixed 

outbreaks seems to increase over the study years. This is true of most countries 

where high measles immunization coverage and good surveillance system exist.  

Month wise incidence indicates that outbreaks occur in all the months of the year 

and measles was also confirmed in all the months; however, maximum number of 

outbreaks reported in January and September were confirmed as measles. Rubella 

outbreaks were seen in the months of February, March, May and were highest in 

July (Table 5.11).  

Analysis of measles and rubella outbreaks based on the seasons revealed that 

measles outbreaks were confirmed during all the seasons, however, highest 

percentage (93.3%) of measles outbreaks was confirmed during winter (January – 

February) season but in case of rubella and mixed outbreaks highest percentage was 
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during the Premonsoon season (March – May). This is in concurrence with 

incidence in other tropical countries.  

The age wise distribution of infection ranged from few months to 45 years (mean 

7.3). In this study the highest percentage of 52.3% was reported in the age group of 

5 – 10 years and lowest percentage in the under 1 year olds. The difference was 

statistically significant (χ2 – 38.770; P = 0.039). This is an evidence for 

documenting shift in age to 5 – 10 years and this is probably due to good childhood 

immunization coverage.  

In the present study no sexwise predilection was observed among the measles cases 

(χ2 – 7.570; P = .182). The male and female ratio was 1.1:1.  

Distribution of confirmed cases shows that 480 (47%) were immunized, 

immunization status of 511 (50%) cases was not known, 7 (0.7%) cases were not 

vaccinated and 24 (2.3%) were not eligible for vaccination (either less than 9 month 

of age or born before the immunization was introduced] (χ2 – 67.2396; P = 0.0000). 

This clearly indicates occurrence of measles outbreaks among the immunized 

population. This has been documented in other countries as well thus indicating 

necessity for a second dose of vaccine. 

It is observed from the study that for confirmation of measles and rubella by 

serology timing of sample collection is critical. In the present study, the blood 

samples were collected between 0 and 41 days after the onset of rash. 

Approximately 80% of those samples collected within 3 days after the onset of rash 

were positive. A higher percentage of positivity 86.5% was observed from the 

samples that were collected between 4 and 10 days after the onset of rash and it 

decreased to 73.3% if collected between 21 – 41 days. The difference was 

statistically significant (χ2 – 17.086; P= 0.009).  
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The same was observed for Rubella confirmation:  26% (14 out of 52) of samples 

were positive if collected during 4 to 10 days after the rash onset. Only 15% of the 

samples were positive if collected between 21 – 34 days after the rash onset. The 

difference was not significant (χ2 – 7.470; P= .280). 

Virus isolation 

In all, 237 samples (throat swab – 66 and urine – 171) were collected from 69 

outbreaks and 8 sporadic cases for virus isolation.  

Virus isolation was attempted in Vero, B95a, Vero/hSLAM cell lines. 29% of the 

samples were positive for virus isolation in vero/hSLAM and 18.5% in B95a cell 

line. None of the samples were positive in vero cell line.  

Virus was isolated from 18 throat swabs and 31 urine samples. However percentage 

of virus isolation was better from throat swab (27.2%) as against urine (18.1%). 

The percentage of virus isolation increased if collected with in 2 days after the onset 

of rash i.e, 47.3% of the throat swabs were positive and the percentage decreased to 

31% if the throat swabs collected between 3 – 5 days. In case of urine 28.2% of the 

samples were positive when collected during 0 – 2 days and it reduced to 14.2% 

from the samples collected 3 – 5 days post onset of rash. No virus was isolated if 

collected beyond 6 days after the onset of rash. Other researchers also reported that 

the early collection of the samples resulted in high percentage of virus isolation 

positivity. 

Analysis of sensitivity of IgM detection and virus isolation revealed that over 90% 

of the cases were confirmed by the IgM detection, where as only 20% of the cases 

by virus isolation. This analysis is again proved that virus isolation is less sensitive 
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to confirm the diagnosis of measles because of timing and appropriate sample 

collection. 

Virus was isolated from 49 specimens representing 29 outbreaks. Though virus 

isolation was not useful for case confirmation, this is useful for molecular 

epidemiological studies. 

Genomic characterization 

In the present study, 49 isolates were subjected for genomic characterization and 

analysis. The sequence analysis found that three genotypes (Genotype D4, D7 and 

D8) are in circulation in the state. Among the three genotypes, D8 was most 

frequently detected, followed by D4. Genotype D7 was detected from a single 

outbreak.  

Genotype D4 was detected in four districts (Pudukkottai, Vellore, Krishnagiri and 

Perambalur), D7 from one district (Chennai) and D8 from fifteen districts (Chennai, 

Dindigul, Kancheepuram, Krishnagiri, Madurai, Perambalur, Pudukkottai, 

Tirunelveli, Tiruchirappalli, Tiruvallur, Tiruvannamalai, Tuticorin, Vellore, 

Villupuram, Virudhunagar) of the state. During the study period, genotype D4 was 

detected in 2003, 2005, 2006, 2007, D7 in 2003 and D8 from 2003 – 2007. 

Phylogenetic analysis of the strains revealed that the strains varied between the 

outbreaks / chain of transmission. The strains were analysed with respective Indian 

and global strains to understand the relationship of the virus.  

The analysis of genotype D4 strains indicates, the strains from Tamil Nadu are 

distinct from other states of India.  
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The analysis of D7 virus suggests this strain is distantly (94 percentage of nucleotide 

identity) related to strains detected from India, however it is closely (99 percentage 

of nucleotide identity) related to strains detected in European countries.  

The analysis of genotype D8 strains detected in Tamil Nadu revealed that these are 

indigenous, multiple lineages in circulation and disseminated throughout the state 

and the strain was linked with importation in to USA and UK for at least 10 

instances during 2002 – 2007.  

In all, this study clearly demonstrated that three genotypes were found to be co 

circulating in Tamil Nadu during 2003 – 2007 and genotype D8 was frequently 

detected. 

Sero survey to estimate the sero conversion after a second dose of measles 

containing vaccine 

A pilot scale mass vaccination campaign was conducted in 5 different places of 5 

districts (Cuddalore, Perambalur, Theni, Tiruvannamalai, and Vellore) of Tamil 

Nadu. MMR vaccine was administered to all children less than 5 years in the 

selected blocks.  

A sero survey was carried out after the campaign to estimate the presence of 

Measles IgG in children who received the routine dose and MMR vaccine and those 

that had received only the routine single dose.  

70% of the control populations and 81.3% of the study population had detectable 

antibody levels.  8% in the control and 6% in the study population the results were 

equivocal and in the remaining 21% in the control and 12.7% in the study population 

were negative. 
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It is also noticed that the percentage of sero positivity varied between the districts; in 

both control and study population, maximum percentage of positivity was observed 

from Cuddalore district and minimum from Tiruvannamalai district. The reason is 

not clearly understood. While Cuddalore has an estimated routine immunization 

coverage of over 90%, Tiruvannamalai has over 80%. 
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CONCLUSION 

 

 In Tamil Nadu, measles outbreaks were reported from almost all the districts 

of the state, despite the maintenance of high level immunization coverage in 

the last decade.  

 85.6% of the suspected outbreaks were confirmed as measles, 2.6% rubella, 

10.5% mixed and 1.3% negative. 

 Highest number of suspected and confirmed outbreaks was in 2005. This is 

probably because effective surveillance with laboratory support was 

established in Tamil Nadu in 2005. 

 Highest number of measles outbreaks was reported during winter season 

(January – February). In case of rubella, during the Premonsoon season 

(March – May). Measles and rubella viruses were found to be co circulating. 

 Age shift was observed; maximum number of cases was reported between 5 

and 10 years.  This is in concurrence with other countries with good routine 

measles immunization coverage.  

 Since 2005, the percentage of measles outbreaks / cases decreased gradually 

and simultaneously the percentage of rubella and mixed outbreaks increased, 

which was statistically significant. This suggests the incidence of measles in 

the state is decreased possibly, as a result of high level of immunization 

coverage being maintained in the state. This surveillance also indirectly 

indicates the burden of rubella in the state. 
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 It is concluded that blood samples collected  between 4 and 10 days after the 

onset of rash proved to be more sensitive for laboratory confirmation and 

attempts should be made to optimize sample collection to between 4 to 10 

days, This will become more critical for confirming individual cases for case 

based investigation in the measles elimination phase. 

 Success rate for virus isolation was better if samples were collected with in 2 

days after the onset of rash. The success rate of virus isolation from throat 

swabs was higher than the success rate of virus isolation from urine samples.  

 Vero/hSLAM cell line found most sensitive for virus isolation. 

 Measles genotype D4, D7 and D8 were found to be co circulating in the state 

and multiple genotypes (D4 and D8) were in circulation in two districts 

(Vellore and Krishnagiri). This is the first isolation of genotype D7 in India. 

The genotype D7 detected in Tamil Nadu is unrelated to D7 in India but 

related to strains detected in European countries, than strains detected from 

SEAR countries. Probably the primary source of the strains that was 

circulating in Europe may have been from India, as prior to 1999 D7 was not 

detected in Europe. 

 The genotype D8 strains detected in Tamil Nadu was indigenous, multiple 

lineages were in circulation and disseminated through out the state during 

2003 – 2007 and it has been associated with importation into USA and UK 

for at least 10 instances.  

 The study emphasis the importance of molecular surveillance to document 

the indigenous genotypes of measles. This would be invaluable to trace 

importation and confirm control and elimination status in the state in future 

and it should be continued.  
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 Approximately 30% of the children who had received single dose of 

monovalent measles vaccine were susceptible to measles. This explains why 

the measles outbreaks have been reported from all the districts of the state. 

The susceptibility reduced to less than 20% if the children had received two 

dose vaccines.  

 It is also observed that antibodies were not detected in 8.6% of the children 

who had received single dose of measles vaccine and 3.3% of the children 

who had received two doses of vaccines. Probably these are vaccine failures. 

 The study has achieved its objective by confirming measles and Rubella 

outbreaks, providing data on measles and rubella incidences in the state 

and baseline molecular data about circulating measles viruses in the 

state of Tamil Nadu. This will help the health authorities to initiate and 

implement control strategies, monitor the efficacy of immunization and 

trend of the disease and monitor importation of virus when control is 

achieved. 
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FUTUROLOGY 

 

An important component of measles surveillance is continuous monitoring of 

diversity of circulating measles viruses in a country / area over the periods. This 

study has clearly demonstrated the diversity of the circulating genotypes of measles 

viruses. Therefore, molecular surveillance should be continued to observe the 

changing pattern of circulating viral genotypes and detection of new genotypes. This 

would be required to certify elimination of indigenous genotypes as the country 

reaches the stage of elimination of measles. 

Rubella outbreaks are being identified as a by product of the measles surveillance 

system. Burden of rubella is beginning to be understood, the surveillance could be 

extended to include surveillance of congenital rubella syndrome. This would provide 

data for implementing the adolescent and routine childhood rubella immunization in 

the state. 

As Measles and rubella incidence comes down with improved immunization it will 

become increasingly important to diagnose other exanthematous conditions. 

Therefore, it necessitates the laboratory to confirm the other etiology of the 

suspected measles cases. Development of a microarray chip for detection of 

exanthematous lesion will be valuable. 

 

 




