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Learning objectives

By the end of this session, you should be able to:

1. Interpret routine surveillance data to assess the impact of a measles vaccination programme.

2. Interpret and discuss methods for evaluating vaccination coverage, including their advantages and disadvantages.

3. Describe the steps to investigate a measles outbreak.

4. Calculate vaccine effectiveness and discuss the most common biases.

5. Interpret serological surveillance data

6. Explain the reproductive number and how it can be used to predict epidemics

Introduction
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• The UK has a population of almost 

60 million

• There are four separate health 

departments for England, Wales, 

Scotland and Northern Ireland; 

vaccination policy is generally the 

same but surveillance is performed 

by different organisations

• Prior to the use of vaccine, measles 

was common but deaths from 

measles infection had been falling 

since the 1940s


Measles is an acute highly infectious viral illness transmitted via droplet infection. Measles is endemic in many countries. Although measles vaccines have been available for several decades, in 2005, 345,000 children still died from measles globally according to WHO estimates, mostly in developing countries. Several WHO regions have now established targets to eliminate measles, including the WHO European region, which has set a target date of 2010.
In 1968, the UK (as with many other industrialised countries) introduced measles vaccine for children between the ages of 1 and 2 years. Vaccine was also offered to all children up to the age of eight years. The programmes aim was to control measles. Notifications of measles cases fell over the next 20 years.
In 1988, the UK Department of Health decided to change policy and Measles-Mumps-Rubella (MMR) vaccine was introduced in place of measles vaccine at the age of 13-15 months. MMR vaccine was also offered to children receiving their pre-school booster vaccine if they had not previously received measles vaccine. The aim of the programme was changed to eliminate measles, mumps and rubella. For the first time the UK set a target for vaccination coverage of 90% coverage by 1990; in 1990 this target was revised to be 95% by 1995.


PART 1 (30 minutes)
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Surveillance of measles infection in England and Wales is performed by the Health Protection Agency (previously PHLS). Measles has been a statutory notifiable disease since the 1940s, where a doctor is legally obliged to report a suspected case to the local authority. 

Data on deaths and measles notifications are shown in the graph above. 
1. What is the striking pattern seen in the early years of the graph (pre-vaccine)? 
Can you explain this phenomenon? 
2. What happened when measles vaccine was introduced in 1968?

3. What happened when MMR replaced measles vaccine in 1988?
4. What other information might you like to know?
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The above table shows vaccine coverage in England and Wales obtained by two methods: doses distributed to clinics and estimated vaccine coverage. The annual birth cohort in England and Wales is about 500,000. 

5. What do both sets of data suggest about the trend in vaccine coverage? What reasons could there be for these changes?

6. What happened in 1988? Compare the number of doses distributed with the coverage data. What are the problems with using doses distributed to estimate coverage? 
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Measles vaccine coverage is calculated from the number of children reaching their 2nd birthday (24 months) during that year and the number of those children who had received a dose of measles (or MMR) vaccine before that age.

7.  What are the problems with routine coverage data?

8. How would this data compare with data from a cluster sample survey?

PART 2: (35 minutes)
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In 1992, an outbreak of 30 cases of suspected measles was reported in a school in Cumbria (in Northern England). The epidemic curve is shown above. The pattern was consistent with person-to-person spread with a latent period of 7-9 days. 

The highest attack rates were observed in 12 and 13 year olds. 

Of the 27 children whose vaccination status was known, 6 (22%) were in vaccinated children. 

9. How do you explain the observation of cases in vaccinated children (vaccine failure)?

10. What other investigations might you want to do in relation to this outbreak?
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The outbreak investigation team followed up all the school to ascertain their vaccination status and whether they developed measles. Using the table above, complete the final column by calculating the attack rate.
11. Comment on the difference between the attack rate in the vaccinated and unvaccinated groups. What types of measure can you use to describe this effect? 

12. Which cells of the above table would you use to estimate vaccine effectiveness? 

13. How could you handle children who don’t know their vaccination status?

14. Estimate the vaccine effectiveness in this outbreak, using the formula above. 
Comment on the result. 

PART 3 (40 minutes)
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Returning to the national surveillance data, cases of measles notified fell and reached a plateau in the early 1990s. This was probably due to a consistent rise in vaccine coverage.  Five weekly moving averages of weekly numbers of cases notified between 1990-1994 are shown in the graph above.
15. How is this average calculated?

16. What does the graph show?

17. What else would you like to know about these cases?
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Routinely available data was examined in more detail by age. The above graph shows the age distribution of cases for the period 1991-1994.

18. What does this suggest?

19. Why might this have happened?
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In fact, age specific notification rates are available over many years. The rates in children and adults over the previous 25 years from 1968 onwards are shown above. 

20. What does the above graph show? What happened in 1988 and why?

21. What has happened in 1994? 

22. How good do you think these notification data are?
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A survey of notifications in 1991-4 showed that only 38% of notified cases could be confirmed by a blood test. The proportion confirmed differed by age group as follows: Under 1-11 %, 1-4 years-20%, 5-9 years- 46%, 10-14 years- 84%, 15-24 years - 77%. 
23. Can you explain why this proportion is so low?  Can you explain why this finding differs with age? 
The graph above shows the age distribution of cases corrected using data from this study. The vast majority of real cases in 1994 are in children over 10 years of age. 

24. Explain this finding on the basis of the data you have seen already. What other studies might be of help?

PART 4 (40 minutes)
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To describe the age-specific susceptibility in the population, measles IgG seroprevalence studies were conducted in 1986/7 and 1991 (see above). 

25. Does this explain the data you have seen already?

In 1992, it was decided to construct some mathematical models to predict the future epidemiology of measles. The models predicted that an epidemic involving mainly school age children was likely to occur during 1995. A total of 130,000 cases were predicted with 3,000 admissions to hospital and 30 deaths. The cost of the epidemic to England and Wales was predicted to be 60 million pounds. 

26. What are the options open to you? What would you advise the Department of Health?
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The above graph shows the predicted reproduction number (R) for measles as estimated from mathematical models made in 1992 and based upon the serological data you have seen. 

27. What do the models show about the predicted value of R? What is the significance of R exceeding 1? 

The projections are made under two different assumptions of vaccine efficacy and assuming that the national vaccination coverage of 92% is maintained.
28. What factors could alter these projections (and therefore the timing of the epidemic)?
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29. How are you going to monitor the effect of the campaign?

30. Can you predict what will happen to measles control in the future? What assumptions are required?
31. How can this situation be avoided in the future?
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Measles vaccine coverage is calculated from the number of children reaching their 2nd birthday during that year and the number of those children who had received a dose of measles (or MMR) vaccine before that age.



7.  What are the problems with routine coverage data?



8. How would this data compare with data from a cluster sample survey?
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Age Distribution of Measles Notifications







The above graph shows the age distribution of cases in 1991-1994.





18. What does this suggest?





19. Why might this have happened?
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Age Distribution of Measles Notifications

Adjusted for Misdiagnosis







A survey of notifications in 1991-4 showed that only 38% of notified cases could be confirmed by a blood test. The proportion confirmed differed by age group as follows: Under 1-11 %, 1-4 years-20%, 5-9 years- 46%, 10-14 years- 84%, 15-24 years - 77%. 

23. Can you explain why this proportion is so low?  Can you explain why this finding differs with age? 

The graph above shows the age distribution of cases corrected using data from this study. The vast majority of real cases in 1994 are in children over 10 years of age. 

24. Explain this finding on the basis of the data you have seen already. What other studies might be of help?
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Measles reproduction number, R

Calculated from serological data in England





Vaccine efficacy



If the group are doing well you may wish to discuss the model(s) used. 



The above graph shows the predicted reproduction number for measles as estimated from models made in 1992 and based upon the serological data you have seen. 



27. What do the models show about the predicted value of R? What is the significance of R exceeding 1? 



The projections are made under two different assumptions of vaccine efficacy and assuming that the national vaccination coverage of 92% is maintained.

28. What factors could alter these projections (and therefore the timing of the epidemic)?
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Action plan

		a mass-catch up campaign in November 1994.

		vaccinate all children aged 5-16 years (regardless of previous vaccination status)

		aim to interrupt transmission of measles and therefore to prevent an epidemic







29. How are you going to monitor the effect of the campaign?



30. Can you predict what will happen to measles control in the future? What assumptions are required?



31. How can this situation be avoided in the future?
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Proportion of children susceptible to measles

1986/7 and 1991







The seroprevalence studies conducted in 1986/7 and 1991 are shown above. 

25. Does this explain the data you have seen already?



In 1992, it was decided to construct some mathematical models to predict the future epidemiology of measles. The models predicted that an epidemic involving mainly school age children is likely to occur during 1995. A total of 130,000 cases were predicted with 3,000 admissions to hospital and 30 deaths. The cost of the epidemic to England and Wales is predicted to be 60 million pounds. 



26. What are the options open to you? What would you advise the Department of Health?
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Measles in England and Wales 1985-94

Annual notification rates: 10 years and over
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Age specific notification rates are available over many years. The rates in children and adults over 10 years are shown above. 



20. What does the above graph show? What happened in 1988 and why?



21. What has happened in 1994? 



22. How good do you think these notification data are?
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Estimating effectiveness in a measles outbreak





		N		Total cases		Suspected cases		Confirmed cases		Atack rate

		Vaccinated		529		10		6		4

		Unvaccinated		186		32		21		11

		Not known		125		6		3		3

















































Using the table above, complete the final column by calculating the attack rate



11. Comment on the difference between the attack rate in the vaccinated and unvaccinated groups. What types of measure can you use to describe this effect? 



12. Which cells of the above table would you use to estimate vaccine effectiveness? 



13. How could you handle children who don’t know their vaccination status?



14. Estimate the approximate effectiveness in this outbreak, using the formula above. Comment on the result. 
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Measles Notifications, England & Wales, 1991-1994

5 week moving average







Returning to the national surveillance data, as we have seen, cases of measles notified fell and reached a plateau in the early 1990s. This was probably due to a consistent rise in vaccine coverage.  Five weekly moving averages of weekly numbers of cases notified between 1990-1994 are shown in the graph above.

15. How is this average calculated?



16. What does the graph show?



17. What else would you like to know about these cases?
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Measles outbreak in Cumbria, 1992



In 1992, an outbreak of 30 cases of suspected measles was reported in a school in Cumbria (the epidemic curve is shown above). The pattern is consistent with a person-to-person spread with a latent period of 7-9 days. 



The highest attack rates were in 12 and 13 year olds and the issue of waning immunity was raised. 



Of the 27 children whose vaccination status was known, 6 (22%) were in vaccinated children. 



9. How do you explain the observation of cases in vaccinated children (vaccine failure)?



10. What other investigations might you want to do in relation to this outbreak?
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Annual measles notifications: cases & deaths

England and Wales 1950-1994
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Surveillance of measles infection in England and Wales is now performed by the Health Protection Agency. Measles has been a statutory notifiable disease since the 1940s (i.e. a doctor is legally obliged to report a suspected case to the local authority). 

Data on deaths and measles notifications are shown in the graph above. 

1. What is the striking pattern seen in the early years of the graph (pre-vaccine). Can you explain this phenomenon? What does this tell you about the age of children getting measles in the 1940s and 1950s.

2. What happened when measles vaccine was introduced in 1968?

3. What happened when MMR replaced measles in 1988.

4. What other information might you like to know?
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The above table shows vaccine coverage in England and Wales obtained by two methods: doses distributed to clinics and estimated coverage. The annual birth cohort in England and Wales is about 500,000. 



5. What does both sets of data suggest about the trend in vaccine coverage? What reasons could there be for these changes?



6. What happened in 1988? Compare the number of doses distributed with the coverage data. What are the problems with using doses distributed to estimate coverage? 
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Measles control in the United Kingdom: a case study

		The UK has a population of almost 60 million

		There are four separate health departments for England, Wales, Scotland and Northern Ireland; vaccination policy is generally the same but surveillance is performed by different organisations

		Prior to the use of vaccine, measles was common but deaths from measles infection had been falling since the 1940s





In 1968, the UK introduced measles vaccine for children between the ages of 1 and 2 years. Vaccine was also offered to all children up to the age of eight. The programme aim was to control measles - notifications of measles cases fell over the next 20 years.

In 1988, the decision was taken to change policy and Measles-Mumps-Rubella (MMR) vaccine was introduced in place of measles at the age of 13-15 months. MMR vaccine was also offered to children receiving their pre-school booster if they had not received measles vaccine. 

On this occasion the aim of the programme was to eliminate measles, mumps and rubella. For the first time the UK set a target for vaccination coverage of 90% coverage by 1990; in 1990 this target was revised to be 95% by 1995.












