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Learning objectives

By the end of the case study, participant should be able to:

1. Describe the steps of an outbreak investigation of a vaccine preventable disease

2. List possible reasons for vaccine failure

3. Define vaccine effectiveness (VE)  

4. Describe the possible observational study designs used to measure VE including their strengths and weaknesses

5. Estimate VE using the screening method with national surveillance data

6. Estimate VE using a retrospective cohort study

7. Describe the possible reasons for low vaccine effectiveness

Introduction
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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


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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1. Prior to the use of vaccine, epidemics of measles occurred every 2 years (this pattern would be similar in most developed countries, although annual epidemics occur in urban developing world settings). This cyclical pattern is due to the development of herd immunity - immediately following an epidemic a high proportion of the population are immune as those that were susceptible were likely to be exposed and acquire infection and are therefore immune. Over the next 2 years new susceptible persons are born reducing the proportion of the population which are immune and allowing the transmission of infection and development of an epidemic.
2. After vaccination was introduced the numbers of cases declined but epidemics of measles continued to occur - only a slight lengthening of the interval was observed.
3. After MMR was introduced the numbers fell to a plateau and no epidemics were observed. This suggests that herd immunity was high. 
4. Information on vaccine coverage and age specific notifications.
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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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5. These data suggest that measles vaccination coverage has improved gradually since 1968 and MMR vaccine coverage exceeded 90% during the early 1990s. The reasons for this may reflect the change of vaccine (to MMR) or changes external to this including:
-health service provision

  
-target payments for GPs

-education initiatives
In fact coverage of all other antigens has improved, but measles and pertussis vaccine coverage have shown greater change than coverage of polio, diphtheria and tetanus which have always been higher.
6. In 1988 a large number of doses were distributed - this is because the vaccine was being given outside of the target age group. This was part of the catch up programme where children who had not had measles vaccine were offered MMR; anecdotal evidence suggested that many children who had received measles vaccine were requesting MMR.

Estimating vaccination coverage by doses distributed is flawed because

-not all doses distributed are actually given
-you don’t know whether vaccine is given to the correct age group 

 -you don’t know whether some children have received two doses
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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?


[image: image9.emf]
7. Population based coverage data is preferable to doses distributed because you can be sure that the vaccines have actually been received by the correct child at the correct age.  Like any data source it is prone to error as:
· children move between districts and are not taken on or off the child health system

· studies have shown that children get on to the system more easily than they are taken off

· this will lead to inflation of the denominator and may lead to an under-estimate of coverage

· information on children who are vaccinated by private paediatricians and outside of the normal scheduled time may not reach the child health system in time

· this will tend to lead to an under-estimate of coverage

· children may receive vaccination after the age of two years and therefore not be measured in the coverage figures (this may or may not be important)
8. An ad-hoc cluster sample cover survey would have produced similar coverage to that estimated by the routine system.  The accuracy of this method would depend on how the denominator (or sampling frame) and numerator were established.  To produce comparable data, an annual survey of children would need to be performed or age-specific vaccine coverage measured intermittently.  
Many cluster surveys use school based sampling frames (which may miss children outside of mainstream education) and will determine vaccination status from either medical records or parental recall (which may both be inaccurate).  In addition cluster methods are not ideal for identifying pockets of poor coverage where transmission of infection may continue and act as a focus for wider spread. Finally, cluster surveys can be acutely resource intensive.
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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9. Children may fail to respond to a dose of vaccine (primary vaccine failure) or may lose protection due to waning immunity (secondary vaccine failure).  Primary vaccine failure could occur because of problems with storage or administration of vaccine (e.g. cold chain) or even due to changes in the circulating virus (e.g. escape strains).

In this case, it is not too surprising that cases are recognised in vaccinated children as it is known that measles vaccine is not 100% effective (probably 90-95%). In addition, the cases are only suspected to be measles. If the cases were in fact due to another viral infection (e.g. parvovirus infection) then you would not expect vaccine to protect.

10. Investigations you would perform:
· Create a case definition

· Actively search for cases in the school
· Confirm the diagnosis – arrange serum or oral fluid testing for some cases, particularly those in vaccinated children
· Ascertain vaccination status in the population at risk 
· Estimate vaccine effectiveness – by estimating attack rates in vaccinated and unvaccinated children (i.e. undertake a cohort study)
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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. 
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11. Attack rates are estimated above (note that this measure is a risk rather than a rate). The attack rate is much higher in the unvaccinated than vaccinated groups suggesting that the vaccine works! The rate in the not known is intermediate suggesting that this group contains a mixture of vaccinated and unvaccinated children. The ratio of the two measures is known as the relative risk (RR) – this is the best measure of causation. The difference between them would be known as the attributable risk but is not usually used in this type of context. For protective exposures (such as vaccination and screening) we usually use 1- RR.- this is the same as vaccine efficacy
.

12. To estimate efficacy you should use confirmed cases – as this is most reliable.
This is because vaccine efficacy would be under-estimated if you included non-measles cases in the formula (as you cannot expect measles vaccine to protect against other infections). 

13. Suspected cases that are not tested should be excluded from the denominator (as many of these are likely to be measles. If there are more in the unvaccinated group using only confirmed cases could lead to a reduced AR in the unvaccinated and therefore under-estimate the vaccine efficacy).
14. Vaccine efficacy can be estimated by the following formula


VE   = 
[ARU-ARV/ARU)] x 100%

Therefore you should calculate the attack rates as ARV = 4/523 = 0.76%, ARU = 11/165 = 6.66%
The estimated approximate efficacy in this group is therefore 


100 x (0.067-0.0076)/0.067 
= 
88.6%

Cases in those of unknown vaccination status should also be excluded. 

If you include cases in those of unknown status in either the unvaccinated group or the vaccinated group you will reduce efficacy. This is because this group may contain a mixture of vaccinated and unvaccinated groups and will therefore reduce the difference in attack rate between the groups – and therefore reduce efficacy. 

The result is about what you would expect for the response to a single dose of vaccine – around 10% of children have primary vaccine failure following measles vaccine. It does not support any evidence of waning immunity.

Note if you do the same calculation using the suspected cases also the value of the efficacy is virtually unchanged – this suggests that the suspected cases are mainly real measles.

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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15. Five weekly moving averages are calculated by plotting the average number of cases reported in the five week period centred on that week (i.e. the average of that week, the two weeks before and the two weeks after). This allows plotting of a smoother curve.
16. The graph shows an increase (almost doubling) in notifications in 1994. Each year shows the same seasonal pattern with a fall in the summer - during the school holidays. This fall is most marked in 1994. 
17. Age and geographical distribution are the main factors likely to be available. Vaccination status would only be obtained from notified cases by active follow-up.
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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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18. The proportion of cases in older children increased over the four year period. 

19. This is to be expected as vaccine coverage in the younger age group has increased, reducing susceptibility levels in this age-group.
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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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20. The rate of notifications in children aged 10-14 years remained remarkably stable over the period 1968-1988 but with a marked cyclical pattern. In 1988 the number of cases falls dramatically and stays low until 1994. This effect is not due to vaccination in this age group as these children are too old to be vaccinated and vaccine coverage was low at the time when these children were scheduled for vaccine. The most likely reason for this change is that this is the effect of herd immunity. 

21. Before 1988 vaccine coverage in young children was low and therefore transmission of measles was not interrupted and epidemics occurred every few years. During each epidemic a small number of older children (aged over 10 years) who remained susceptible (because they were not vaccinated before the age of two and had not caught measles during a subsequent epidemic) would catch measles. In 1990/91 vaccine coverage exceeded 90% and therefore transmission of infection amongst young children was interrupted. This meant that older children were less likely to be exposed to measles. By 1994 there is likely to be a group of older susceptible children that have been prevented from catching measles because the chances of exposure to infection have been reduced.

22. It is known that notifications may be inaccurate because
-notification is incomplete
-as notifications are based on clinical diagnosis they may be inaccurate
-either of these factors may vary with age, vaccination status, or disease incidence

23. 
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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?
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23. The high proportion of cases which cannot be confirmed is no surprise. Before vaccination over 200,000 cases were notified each year - if you suppose that 5,000 of these were, in fact, rashes caused by different infections then 95% of notified cases are true measles. If the number of notifications falls to 10,000, mainly because the true cases of measles are prevented by vaccination, but the 5,000 cases of non-measles rashes would not be affected. Therefore only 50% of cases would be true measles cases. This would happen even if doctors’ diagnostic threshold stays the same. The reason for the variation by age may represent the relative incidence of other infections in each age group, or that real measles is relatively more common in this older group. This finding emphasises the fact that the majority of the increase in 1994 is amongst older patients.

24. In 1990/1 vaccine coverage exceeded 90% and therefore transmission of infection amongst young children was interrupted. This meant that older children were less likely to be exposed to measles, but many of this group had never been vaccinated.  By 1994 there is likely to be a group of older susceptible children that have been prevented from catching measles because the chances of exposure to infection have been reduced. 
To confirm this, it would be nice to perform a serological survey.

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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25. The serological data confirms the explanation that a group of susceptible older children have accrued. The graph shows that in 1986/7 the proportion of 2 year olds with antibody was about 25%. This is explained by the fact that 15% were unvaccinated and of those vaccinated 5-10% are not protected (vaccine failures). Amongst older children the proportion antibody positive rises with age as the chances of contracting infection and becoming immune is related to age (that is to the number of years exposed). In 1991 the proportion of protected young children has risen (with vaccine coverage). 

26. The options include

· do nothing (epidemic will follow - susceptibles will fall)

· mass catch-up campaign in school children

i. just in unvaccinated children 

ii. all children in age group 

iii. latter is preferred as will also “immunise” vaccine failures

· two dose schedule (but will not work fast enough to prevent epidemic in the next two or three years)  
· a combination of catch up and two dose schedule
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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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27. The models show the predicted value of R rising and exceeding 1 between 1994 and 1995. This implies that the average number of cases generated from each case will be more than one. Therefore the numbers of cases will increase and an epidemic will occur. 

28. The coverage estimate used in the model could 

-be inaccurate

-could fall or rise

-may vary dramatically between districts

Any of these factors could alter the proportion and distribution of susceptibles, thus changing the value of R and 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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29. To monitor the effect of the campaign: 
-vaccine coverage (by age, by district)
-serological survey
-disease incidence (laboratory confirmed cases - i.e. salivary diagnosis) 
-collect age, vaccination status, contact history (travel?) from future cases
- cluster size
-measles genotype

30. After the campaign the number of susceptibles will be low. Without any change in the programme, each year a number of children will remain susceptible because they are not vaccinated or because of vaccine failure. If measles does not circulate these children will remain susceptible until a sufficient number of susceptibles accrue to allow an epidemic to occur. The time until this epidemic will therefore depend mainly upon the vaccine coverage and the vaccine efficacy. 

31. To prevent this happening again will therefore require an increase in coverage. Even with 100% coverage, however, there will still be vaccine failures. These could be reduced by a routine second dose or by intermittent catch up campaigns (or by an improvement in the vaccine used).
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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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Measles in England and Wales 1985-94
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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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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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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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Action plan

		a mass-catch up campaign undertaken 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





To monitor the effect of the campaign: 

		vaccine coverage (by age, by district)

		serological survey

		disease incidence (laboratory confirmed cases - ie salivary diagnosis) 

		collect age, vaccination status, contact history (travel?) from future cases



After the campaign the number of susceptibles will be low. Without any change in the programme, each year a number of children will remain susceptible because they are not vaccinated or because of vaccine failure. If measles does not circulate these children will remain susceptible until a sufficient number of susceptibles accrue to allow an epidemic to occur. The time until this epidemic will therefore depend mainly upon the vaccine coverage and the vaccine efficacy. 

To prevent this happening again will therefore require an increase in coverage. Even with 100% coverage, however, there will still be vaccine failures. These could be reduced by a routine second dose or by intermittent catch up campaigns (or by an improvement in the vaccine used).
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Measles reproduction number, R

Calculated from serological data in England





Vaccine efficacy



27. The models show the predicted value of R rising and exceeding 1 between 1994 and 1995.



This implies that the the average number of cases generated from each case will be more than one. Therefore the numbers of cases will increase and an epidemic will occur. 



28. The coverage estimate used in the model could 

		be inaccurate

		could fall or rise

		may vary dramatically between districts





Any of these factors could alter the proportion and distribution of susceptibles, thus changing the value of R and the timing of the epidemic.
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Proportion of children susceptible to measles

1986/7 and 1991







25. The serological data confirms the explanation that a group of susceptible older children have accrued. The graph shows that in 1986/7 the proportion of 2 year olds with antibody was about 25%. This is explained by the fact that 15% were unvaccinated and of those vaccinated 5-10% are not protected (vaccine failures). Amongst older children the proportion antibody positive rises with age as the chances of contracting infection and becoming immune is related to age (that is to the number of years exposed). In 1991 the proportion of protected young children has risen (with vaccine coverage). 

26. The options include

		 do nothing (epidemic will follow - susceptibles will fall)

		 mass catch-up campaign in school children

		just in unvaccinated children 

		all children in age group 

		latter is preferred as will also “immunise” vaccine failures

		 two dose schedule (but will not work fast enough to prevent epidemic in the next two or three years) 

		 a combination of catch up and two dose schedule
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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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Age Distribution of Measles Notifications

Adjusted for Misdiagnosis







23. The high proportion of cases which cannot be confirmed is no surprise. Before vaccination over 200,000 cases were notified each year - if you suppose that 5,000 of these were, in fact, rashes caused by different infections then 95% of notified cases are true measles. If the number of notifications falls to 10,000, mainly because the true cases of measles are prevented by vaccination, but the 5,000 cases of non-measles rashes would not be affected. Therefore only 50% of cases would be true measles cases. This would happen even if doctors’ diagnostic threshold stays the same. The reason for the variation by age may represent the relative incidence of other infections in each age group, or that real measles is relatively more common in this older group. This finding emphasises the fact that the majority of the increase in 1994 is amongst older patients.

24. In 1990/1 vaccine coverage exceeded 90% and therefore transmission of infection amongst young children was interrupted. This meant that older children were less likely to be exposed to measles, but many of this group had never been vaccinated.  By 1994 there is likely to be a group of older susceptible children that have been prevented from catching measles because the chances of exposure to infection have been reduced. 

To confirm this, it would be nice to perform a serological survey.
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Measles in England and Wales 1985-94

Annual notification rates: 10 years and over
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20. The rate of notifications in children aged 10-14 years remained remarkably stable over the period 1968-1988 but with a marked cyclical pattern. In 1988 the number of cases falls dramatically and stays low until 1994. This effect is not due to vaccination in this age group as these children are too old to be vaccinated and vaccine coverage was low at the time when these children were scheduled for vaccine. The most likely reason for this change is that this is the effect of herd immunity. 

21. Before 1988 vaccine coverage in young children was low and therefore transmission of measles was not interrupted and epidemics occurred every few years. During each epidemic a small number of older children (aged over 10 years) who remained susceptible (because they were not vaccinated before the age of two and had not caught measles during a subsequent epidemic) would catch measles. In 1990/91 vaccine coverage exceeded 90% and therefore transmission of infection amongst young children was interrupted. This meant that older children were less likely to be exposed to measles. By 1994 there is likely to be a group of older susceptible children that have been prevented from catching measles because the chances of exposure to infection have been reduced.

22. It is known that notifications may be inaccurate because

· notification is incomplete

· as notifications are based on clinical diagnosis they may be inaccurate

· either of these factors may vary with age, vaccination status, or disease incidence
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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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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







18. The proportion of cases in older children increased over the four year period. 



19. This is to be expected as vaccine coverage in the younger age group has increased.
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Measles Notifications, England & Wales, 1991-5

5 week moving average







15. Five weekly moving averages are calculated by plotting the average number of cases reported in the five week period centred on that week (i.e. the average of that week, the two weeks before and the two weeks after). This allows plotting of a smoother curve.

16. The graph shows an increase (almost doubling) in notifications in 1994. Each year shows the same seasonal pattern with a fall in the summer - during the school holidays. This fall is most marked in 1994. 

17. Age and geographical distribution are the main factors likely to be available. Vaccination status would only be obtained by active follow-up.









0


50


100


150


200


250


300


350


400


450


1


5


9


13


17


21


25


29


33


37


41


45


49


53


Week


Notifications to OPCS


94


93


92


91





_1295259221.ppt


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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Estimating efficacy in a measles outbreak





		N		Total cases		Suspected cases		Confirmed cases		Atack rate

		Vaccinated		529		10		6		4		1.89%

		Unvaccinated		186		32		21		11		17.2%

		Not known		125		6		3		3		4.8%





























Attack rates are estimated above (note that this measure is a risk rather than a rate). The attack rate is much higher in the unvaccinated than vaccinated groups suggesting that the vaccine works! The rate in the not known is intermediate suggesting that this group contains a mixture of vaccinated and unvaccinated children. The ratio of the two measures is known as the relative risk (RR) – this is the best measure of causation. The difference between the would be known as the attibutable risk but is not usually used in this type of context. For protective exposures (such as vaccination and screening) we usually use 1- RR.- this is the same as vaccine efficacy.

Vaccine efficacy can be estimated by the following formula

	VE   = 	[ARU-ARV/ARU)] x 100%

To estimate efficacy you should use confirmed cases – as this is most reliable.

		This is because vaccine efficacy would be under-estimated if you included non-measles cases in the formula (as you cannot expect measles vaccine to protect against other infections). 





Suspected cases that are not tested should be excluded from the denominator (as many of these are likely to be measles, if there are more in the unvaccinated group using only confirmed cases could lead to a reduced AR in the unvaccinated and therefore under-estimate the vaccine efficacy).



Therefore you should calculate the attack rates as ARV = 4/523 = 0.76%, ARU = 11/165 = 6.66%



The estimated approximate efficacy in this group is therefore 

	100 x (0.067-0.0076)/0.067 	= 	88.6%

	

Cases in those of unknown vaccination status should also be excluded. 

		If you include cases in those of unknown status in either the unvaccinated group or the vaccinated group you will reduce efficacy. This is because this group may contain a mixture of vaccinated and unvaccinated groups and will therefore reduce the difference in attack rate between the groups – and therefore reduce the efficacy. 



This is about what you would expect for the response to a single dose of vaccine – around 10% of children have primary vaccine failure following measles vaccine. It does not support any evidence of waning immunity.



Note if you do the same calculation using the suspected cases also the value of the efficacy is virutally unchanged – this suggests that the suspected cases are mainly real measles.
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Measles outbreak



The increase in cases in teenagers is worrying, and there are several possible explanations for cases being seen in older vaccinated children. It is not too surprising that cases are recognised in vaccinated children, it is known that vaccine is not 100% effective. Children may fail to respond to a dose of vaccine (primary vaccine failure) or may lose protection due to waning immunity (secondary vaccine failure).  Primary vaccine failure could occur because of problems with storage or administration of vaccine (eg. cold chain) or even due to changes in the circulating virus (eg. escape strains).

In addition, the cases are only suspected to be measles. If the cases were in fact due to another viral infection (eg. parvovirus infection) then you would not expect vaccine to protect children.



Investigations you would perform:



		confirm the diagnosis – arrange serum or oral fluid testing for some of the cases, particularly those in vaccinated children

		estimate vaccine effectiveness – by estimating attack rates in vaccinated and unvaccinated children (i.e. undertake a cohort study)
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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 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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7. Population based coverage data is preferable to doses distributed because you can be sure that the vaccines have actually been received by the correct child at the correct age.  Like any data source it is prone to error as:

- children move between districts and are not taken on or off the child health system

- studies have shown that children get on to the system more easily than they are taken off

- this will lead to inflation of the denominator and may lead to an under-estimate of coverage

- information on children who are vaccinated by private paediatricians and outside of the normal scheduled time may not reach the child health system in time

- this will tend to lead to an under-estimate of coverage

- children may receive vaccination after the age of two years and therefore not be measured in the coverage (this may or may not be important)

8. An ad-hoc cluster sample cover survey would have produced similar coverage to that estimated by the routine system.  The accuracy of this method would depend on how the denominator (or sampling frame) and numerator were established.  To produce comparable data, an annual survey of children would need to be performed or age-specific vaccine coverage measured intermittently.  Many cluster surveys use school based sampling frames (which may miss children outside of mainstream education) and will determine vaccination status from either medical records or parental recall (which may both be inaccurate).  In addition cluster methods are not ideal for identifying pockets of poor coverage where transmission of infection may continue and act as a focus for wider spread.
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5. These data suggest that measles vaccination coverage has improved gradually since 1968 and MMR vaccine coverage exceeded 90% during the early 1990s. The reasons for this may reflect the change of vaccine (to MMR) or changes external to this including:

· health service provision

· target payments for GPs

· education initiatives

In fact coverage of all other antigens has improved, but measles and pertussis vaccine coverage have shown greater change than coverage of polio, diphtheria and tetanus which have always been higher.

6. In 1988 a large number of doses were distributed - this is because the vaccine was being given outside of the target age group. This was part of the catch up programme where children who had not had measles were offered MMR; anecdotal evidence suggested that many children who had received measles were requesting MMR.

Estimating vaccination coverage by doses distributed is flawed because

· not all doses distributed are actually given and

· you don’t know whether vaccine is given to the correct age group or

· whether some children have received two doses
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1,903,630


87


1990/1


1,459,570


90


1991/2


1,160,960


92


1992/3


1,123,870


93


1993/4


1,061,130
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Annual measles notifications: cases & deaths

England and Wales 1950-1994







MMR Vaccine

Introduced



Measles Vaccine

Introduced



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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Annual measles notifications: cases & deaths

England and Wales 1950-1994







MMR Vaccine

Introduced



Measles Vaccine

Introduced



1. Prior to the use of vaccine epidemics of measles occurred every 2 years (this pattern would be similar in most developed countries, but annual epidemics occur in urban developing world settings). This cyclical pattern is due to development of herd immunity - immediately following an epidemic a high proportion of the population are immune as those that were susceptible were likely to be exposed and acquire infection and are therefore immune. Over the next 2 years new susceptible persons are born reducing the proportion of the population which are immune and allowing the transmission of infection and development of an epidemic.

2. After vaccination was introduced the numbers of cases declined but epidemics of measles continued to occur - only a slight lengthening of the interval was observed.

3. After MMR was introduced the numbers fell to a plateau and no epidemics were observed. This suggests that herd immunity was high. 

4. Information on vaccine coverage (also age specific notifications).
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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.












