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Objective To estimate the impact of the HIV pandemic on vaccine-acquired population immunity to measles virus because high 
levels of population immunity are required to eliminate transmission of measles virus in large geographical areas, and HIV infection 
can reduce the efficacy of measles vaccination.
Methods A literature review was conducted to estimate key parameters relating to the potential impact of HIV infection on the 
epidemiology of measles in sub-Saharan Africa; parameters included the prevalence of HIV, child mortality, perinatal HIV transmission 
rates and protective immune responses to measles vaccination. These parameter estimates were incorporated into a simple model, 
applicable to regions that have a high prevalence of HIV, to estimate the potential impact of HIV infection on population immunity 
against measles.
Findings The model suggests that the HIV pandemic should not introduce an insurmountable barrier to measles control and 
elimination, in part because higher rates of primary and secondary vaccine failure among HIV-infected children are counteracted 
by their high mortality rate. The HIV pandemic could result in a 2–3% increase in the proportion of the birth cohort susceptible to 
measles, and more frequent supplemental immunization activities (SIAs) may be necessary to control or eliminate measles. In the 
model the optimal interval between SIAs was most influenced by the coverage rate for routine measles vaccination. The absence of 
a second opportunity for vaccination resulted in the greatest increase in the number of susceptible children.
Conclusion These results help explain the initial success of measles elimination efforts in southern Africa, where measles control 
has been achieved in a setting of high HIV prevalence.

Keywords HIV infections/complications; Measles vaccine; Measles/immunology/epidemiology; Antigen-antibody reactions; Child; 
Models, Statistical; Africa South of the Sahara (source: MeSH, NLM).
Mots clés Infection à VIH/complication; Vaccin antimorbilleux; Rougeole/immunologie/épidemiologie; Réaction antigène-anticorps; 
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Introduction
Despite the availability of a safe and effective vaccine against 
measles, 614 000 measles-related deaths were estimated to have 
occurred in 2002, making measles a leading cause of childhood 
death (1). WHO, UNICEF, and other partners have established 
goals to reduce by half the number of measles deaths by 2005 
and to interrupt indigenous measles-virus transmission in large 
geographical areas (2). To achieve these mortality-reduction 

goals, a high level of protection, or population immunity, is 
required. In areas without circulating measles virus, population 
immunity is determined by multiplying the proportion of the 
population vaccinated by the vaccine’s effectiveness. In order 
to achieve a high level of population immunity, control pro-
grammes should sustain at least 90% coverage with a first dose 
of measles vaccine. In addition, a second opportunity for measles 
vaccination must be provided through routine or supplemental  
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activities and reach at least 90% of children. To eliminate measles 
in large geographical areas, even higher population immunity 
may be needed (93–95%) (2–5). Measles control programmes 
may have little margin for even small increases in the number of 
susceptible people such as those that may occur in areas of low 
vaccination coverage or with reduced vaccine effectiveness.

One of the potential obstacles to measles control and 
elimination is the HIV pandemic (6, 7). Almost half of all 
measles-related deaths occur in sub-Saharan Africa, and 64% of 
the world’s 40 million people infected with HIV live in the same 
area (8–10). Infection with HIV may modify the clinical mani-
festations of measles, thus disrupting case–finding efforts, and 
HIV infection may also alter the communicability of measles 
by prolonging the infectious period. Most importantly, HIV 
infection may result in high rates of primary and secondary 
measles vaccine failure after immunization, resulting in lower 
vaccine effectiveness.

Despite these potential barriers, progress towards measles 
elimination in seven countries in southern Africa shows that 
excellent control of measles can be achieved in regions with 
high prevalence of HIV infection. This was accomplished by 
maintaining high routine vaccination rates (average rate = 
80%; range = 61–90%) coupled with high coverage in periodic 
supplemental campaigns (average = 91%; range = 60–105%) 
(11). Reported measles-related deaths fell from 166 in 1996 to 
0 in 2000 and 2001. Between 2000 and 2002, these countries 
reported record low levels of measles; between January 2000 
and December 2002, less than 10% (492) of 5113 suspected 
cases of measles for whom blood results were available were 
serologically confirmed (12–14).

To understand better the interaction between HIV and 
measles, the factors that have contributed to the success in 
southern Africa, and what potential barriers might lay ahead, we 
developed a simple model, applicable to regions in sub-Saharan 
Africa where there is a high prevalence of HIV, to estimate 
the impact of the HIV pandemic on population immunity 
to measles.

Methods
The published literature was reviewed (using MEDLINE and 
searching keywords including measles, measles vaccination, HIV, 
AIDS, child mortality) to estimate parameters important in 
assessing the impact of HIV on population immunity to measles. 
These parameters included the prevalence of HIV infection in 
children in sub-Saharan Africa and their likelihood of survival 
to the age of 5 years, the mode and timing of HIV transmission 
from mother to infant, the loss of protective maternal antibodies 
in children born to HIV-infected women, the proportion of 
HIV-infected children and uninfected children who develop 
protective immunity following measles immunization, and the 
duration of this protective immunity.

We constructed a simple model of the impact of the HIV 
pandemic on population immunity to measles in children less 
than 5 years old (Appendix 1). This model was designed to illus-
trate the impact of the HIV pandemic on the proportion of the 
population that acquires immunity via vaccination; it does not 
assess the dynamic effects on measles-virus transmission, such 
as prolonged infectivity. To estimate age-specific rates of measles 
immunity both in children infected with HIV and those who 
were not infected we made conservative assumptions about the 
response of HIV-infected individuals to vaccination (Box 1). 

We calculated the percentage of children less than 5 years old 
who were immune to measles as a result of receiving routine 
measles vaccination at 9 months of age and routine vaccina-
tion combined with vaccination through mass campaigns or 
supplemental immunization activities (SIAs) (i.e., vaccination 
of children aged 9 months to 4 years). We evaluated a range of 
levels for routine measles vaccination coverage including 50%, 
80% and 90%. For SIAs, we assumed coverage of 90%, which 
is the minimal rate considered to be effective (2). SIAs may 
provide equal coverage to both previously vaccinated children 
and unvaccinated children as campaigns that are independent 
of routine coverage, or they may first reach only those children 
previously vaccinated through routine service as campaigns 
that are dependent on routine coverage; rates of measles im-
munity were estimated for both situations. Calculations were 
performed using Excel software.

Prevalence of HIV infection in children
In sub-Saharan Africa, approximately 9% of women of child-
bearing age are infected with HIV, and in some regions the 

Box 1. Assumptions of the model

1. Immunity to measles is a result of vaccination and not infection  
 with wild-type measles virus.

2. The proportion of children who develop protective antibody titres  
 after vaccination at the age of 9 months are:
 a)  65% of children infected with HIV
 b)  85% of children not infected with HIV (15).

3. The proportions of children who are assumed to remain protected  
 against measles after vaccination are shown below.
 a)  Among HIV-infected children: 50% are protected at 24 months  
  old, 30% at 36 months old, 20% at 48 months old, and 20% at  
  60 months old. 
 b)  Among children not infected with HIV: there is no decline with  
  age (i.e., 85% if vaccinated at the age of 9 months).

4.  The proportions who are assumed to develop protective antibody  
 titres after measles vaccination during SIAs are given below.
 a)  Among HIV-infected children: 20% of those vaccinated at 13–24  
  months of age develop protective titres, 10% of those vaccinated  
  at 25–36 months, 0% of those vaccinated at 37–48 months,  
  and 0% of those vaccinated at 49–<60 months of age. 
 b)  Among children not infected with HIV: 95% of susceptible  
  children if vaccinated when older than 12 months develop  
  protective titres.

5. HIV-infected children who do not develop protective antibody titres  
 after initial measles vaccination will not develop protective titres  
 after revaccination. 

6. Assumptions about the duration of passively acquired maternal  
 antibodies are given below. 
 a)  For HIV-infected children: these are assumed to persist for 3  
  months. 
 b)  For children not infected with HIV: these are assumed to persist  
  for 6 months. 

7. Mortality rates used are shown in Table 1.
 a)  For HIV-infected children data were extrapolated from published  
  data (see text).
 b)  For children not infected with HIV data were extrapolated from  
  UNICEF statistics for infants and children less than 5 years old  
  (Table 1).

8. Immunity to measles is maintained in HIV-infected adolescents and  
 adults because measles immunity is acquired prior to HIV infection.
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percentage is as high as 20–40% (10, 16–20). Mother-to-child 
transmission of HIV is estimated to occur in about 30% (range =  
25–48%) of infants born to HIV-infected mothers in Africa 
(21–26). Thus, in regions of high HIV prevalence, approxi-
mately 9% of infants will be infected with HIV, assuming a 
30% prevalence of maternal HIV infection and a 30% rate of 
mother-to-child transmission.

Mortality of HIV-infected children in Africa
Mortality rates for HIV-infected children in sub-Saharan Africa 
vary by country and method of reporting (22, 27–33). Two 
studies from Malawi and Kenya reported mortality of 35% and 
43%, respectively, in HIV-infected children at 2 years of age 
(27, 34), while studies in Malawi and Uganda reported mor-
tality of 89% and 66%, respectively in HIV-infected children 
at 3 years of age (31, 34). In a recent review, the mortality of 
HIV-infected children was estimated to be 26–45% at 1 year 
of age and 35–59% at 2 years of age (35). Reported mortality 
from studies probably underestimates true mortality because 
the provision of health care in the context of investigations is 
likely to be superior to that provided by routine health services; 
among children not infected with HIV, mortality rates reported 
by UNICEF are higher than those among the uninfected chil-
dren followed in these study cohorts (Table 1). In Malawi, after 
the onset of AIDS-related symptoms, the median survival time 
among children was less than 10 months (34). HIV-infected 
children in sub-Saharan Africa are only rarely reported to sur-
vive to older childhood and adulthood.

Mode and timing of HIV transmission
Infants who acquire HIV infection in utero or at the time of de-
livery are more likely to be immunocompromised at a younger 
age and to die sooner than children who acquire HIV infection 
through breastfeeding. Two-year mortality rates among Kenyan 
children infected with HIV during the first 2 months of life were 
significantly higher than for children infected after the age of 
2 months (63% versus 8.8%) (27). However, no studies have 
examined whether response to measles vaccination is affected 
by how the child’s HIV infection was acquired (perinatally 
versus by breastfeeding). Therefore, distinctions between these 
two modes of transmission cannot be made for the purpose of 
estimating population immunity to measles.

Loss of protective maternal antibodies in infants 
born to HIV-infected women
Infants born to HIV-infected women may have lower levels of 
protective maternal antibodies independent of their own HIV 
infection status and may thus become susceptible to measles at 
a younger age, although this has not been consistently observed 
(7). The potential impact on measles control and elimination 
of a more rapid loss of protective maternal antibodies in infants 
born to HIV-infected women is unclear, but the risk of expo-
sure to measles is low in early infancy in regions where measles 
has been successfully controlled in older children.

Response to measles vaccine
Limited data, mostly from the United States, show that people 
infected with HIV have lower response rates after vaccination 
and more rapid waning of antibody titres (36–40). While anti-
body titres are not synonymous with protection, they provide 
a good surrogate for measuring protective immunity and sug-
gest that HIV-infected children are likely to have higher rates 
of both primary and secondary vaccine failure (36–40). In 
two prospective studies, only 25–37% of children developed 
measles-specific antibodies after vaccination at a mean of 23 
or 81 months of age (41, 42). However, younger children are 
less immunocompromised and may be more likely to develop 
protective antibody titres following measles vaccination.

In Zaire, 65% of children who were HIV-seropositive 
and vaccinated against measles at the age of 9 months had 
protective measles antibody titres at 1 year of age; however 
only 36% (4/11) of children with symptoms of HIV/AIDS 
seroconverted to measles compared with 77% (20/26) of chil-
dren without symptoms of HIV/AIDS (38). In Thailand, 57% 
(9/16) of HIV-infected children vaccinated at 9 months of age 
had protective antibody titres 12 weeks after vaccination com-
pared with 100% of 14 children without HIV who had been 
born to HIV-infected women (43). HIV-infected children in 
whom detectable antibodies fail to develop after initial measles 
vaccination often do not develop these antibodies following 
subsequent measles vaccinations; response rates in small studies 
of such cases range from 0–66% (37, 40, 42, 44, 45).

Few studies have examined the loss of measles antibodies 
after vaccination (as a surrogate measure for secondary vaccine 
failure) in children infected with HIV, although the median 
time to loss of measles-specific antibodies was 30 months in 

Table 1. Estimated proportion of HIV-infected children and HIV-uninfected children of different age groups in a hypothetical 
population under different mortality assumptions. In this model 9% of children are assumed to be vertically infected with HIV, a figure 
corresponding to an HIV prevalence of 30% in adults. Thus, in a birth cohort of 100, 9 children will be infected with HIV and 91 will not be infected

 HIV-uninfected childrena HIV-infected children

Age group Low mortality Middle mortality High mortality

 CMb No./100 births CM No./100 birthsc CM No./100 birthsc  CM No./100 births

 0–12 months 10.8 81 20 7.2 (8.1) 33 6.0 (6.9) 40 5.4 (6.2)
13–24 months 13.5 79 30 6.3 (7.4)  40 5.4 (6.4) 50 4.5 (5.4)
25–36 months 15.5 77 40 5.4 (6.6) 66 3.1 (3.8) 75 2.3 (2.8)
37–48 months  16.5 76 45 5.0 (6.1)  70 2.7 (3.4) 85 1.4 (1.7)
49–60 months 17.5 75 50 4.5 (5.7)  75 2.3 (2.9) 90 0.9 (1.2)

a  Based on UNICEF mortality rates for infants less than 1 year old and children less than 5 years old in sub-Saharan Africa. These rates include children infected  
 with HIV and, thus, overestimate mortality for children not infected with HIV. Data were extrapolated for children aged 13–48 months. 
b  CM = cumulative mortality. Cumulative mortality is given as a percentage.
c  Figures in parentheses are the percentage of all children in age stratum who are infected with HIV.
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Table 3. Estimated percentage of children immune to measles in hypothetical populations with and without HIV infection by 
different coverage rates for routine vaccination. See text for assumptions and estimates used in deriving the figures 

 Coverage rate for routine vaccination

 50% 80%  90% 

Age group % immune % immune Differ- % immune % immune Differ- % immune % immune Differ- 
(months) in popula- in population ence in popula- in population ence in popula- in population ence 
 tion with without HIV  tion with without HIV  tion with without HIV 
 HIVa, b   HIVa   HIVa 

 0–12 58.7 60.6 1.9 65.0 67.0 2.0 67.1 69.1 2.0
13–24 41.4 42.5 1.1 66.5 68.0 1.5 74.5 76.5 2.0
25–36 41.5 42.5 1.0 66.3 68.0 1.7 74.6 76.5 1.9
37–48  41.4 42.5 1.1 66.2 68.0 1.8 74.5 76.5 2.0
49–60 41.6 42.5 0.9 66.5 68.0 1.5 74.8 76.5 1.7

a  Altogether 9% of children are assumed to be vertically infected with HIV, corresponding to an HIV prevalence of 30% in adults. 
b  All figures are percentages.

one study (39). Interpretation of seroprevalence rates in cross-
sectional studies is hampered by methodological differences, 
including age at vaccination, time of testing since vaccination, 
type of antibody assay, degree of immunosuppression at vac-
cination, and failure to exclude children with immunity due 
to infection with wild-type measles virus. Loss of antibodies 
among immunized children could account for the low sero-
positivity rates in some cross-sectional studies in the United 
States (36, 39–42, 46, 47).

Measles immunity in HIV-infected adolescents  
and adults
The impact of HIV infection on susceptibility to measles de-
pends on the timing of acquisition of the infection in relation 
to the development of measles immunity. Data from the United 
States suggest that immunity to measles is usually maintained 
if exposure to wild-type or vaccine-measles virus preceded HIV 
infection (7). Preliminary data from Malawi suggest that measles 
immunity following natural measles infection may persist in 
HIV-infected adults in developing countries as well (University 
of Malawi and Centers for Disease Control and Prevention, 
unpublished data, 2004). Thus, there is no evidence that sus-
ceptibility to measles increases in these adult populations, and 
loss of population immunity in older children and adults is not 
addressed in the model.

Findings
Box 1 shows the eight assumptions that were made in estimating 
the impact of the HIV pandemic on population immunity to 
measles in children. (Details of the calculations are available in 
Appendix 1 and Table 2.) The percentage of children less than 
5 years old with immunity to measles resulting from routine 
measles vaccination was estimated in two hypothetical populations: 
one in which 30% of adults were infected with HIV and 9% 
of children were infected with HIV at birth, and one in which 
no adults or children were infected with HIV (Table 3). With 
this model, the differences in the percentage of children immune 
to measles between the hypothetical populations with and 
without HIV infection ranged from 1% to 2% in the different 
age strata (Table 3). When SIAs were added to the model (i.e., 
routine measles vaccination plus vaccination during SIAs) there 
was, as expected, a large increase in the percentage of children 
immune to measles in both hypothetical populations (Table 4). 
In addition, the difference between the percentage of children 
who were immune in the hypothetical population with HIV 
and that without HIV increased, ranging from 2.2% to 3.3%. 
Thus, under the initial assumptions, the HIV pandemic was 
estimated to decrease the percentage of children less than 5 years 
old who were immune to measles by approximately 2–3% per 
birth cohort.

Table 2. Estimated proportion of HIV-infected children and HIV-uninfected children with measles immunity following routine 
and supplemental measles immunization. See text for assumptions and estimates used in deriving the rates and for definitions of 
independent and dependent supplementary immunization activities (SIAs)

 90% routine coveragea 90% routine coverage plus 90% coverage in SIAa 

 Independent campaign Dependent campaign

 HIV-uninfected HIV-infected HIV-uninfected HIV-infected HIV-uninfected HIV-infected

 0–12 69.1 39.6 73.6 41.1 72.0 39.6
13–24 76.5 45.0 96.6 46.8 89.3 45.0
25–36 76.5 27.0 96.6 27.9 89.3 27.0
37–48  76.5 18.0 96.6 18.0 89.3 18.0
49–60  76.5 18.0 96.6 18.0 89.3 18.0

a  Values are percentages of children with measles immunity.

Age group 
(months)
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To illustrate the cumulative effect of a small decrease in 
population immunity to measles, the accumulation of measles-
susceptible children over five birth cohorts was estimated, 
assuming an annual birth cohort of 100 000. Fig. 1 shows 
the accumulation of susceptible children at different rates of 
coverage with routine measles vaccination in the hypothetical 
populations with and without HIV infection. Fig. 2a) shows 
that with 80% coverage of routine vaccination and 90% cover-
age in an independent SIA campaign the cumulative number 
of measles-susceptible children less than 5 years old in middle-
mortality populations with HIV (cohort D) and without HIV 
(cohort F) would be 45 390 and 37 370, respectively. Thus, 
there is a 21% relative increase in the number of susceptible 
children less than 5 years old. Fig. 2b) demonstrates the effect 
of a dependent SIA campaign.

Sensitivity analyses were performed by assuming that 
only 45% of HIV-infected children responded to vaccination 
at 9 months of age (Fig. 2) and the percentage protected at 24 
months of age was 45%, at 36 months was 20%, at 48 months 
was 20% and at 60 months was 10%. Differences in the pro-
portion of children immune to measles in the hypothetical 
populations with and without HIV-infected children increased 
from 2–3% to approximately 4–5% per birth cohort if measles 
vaccine seroconversion rates were reduced from 65% to 45% 
and the median survival of HIV-infected children was increased 

to 5 years (data not shown). Alternative scenarios were explored 
using low mortality rates and high mortality rates for HIV-
infected children (i.e., median survival of 5 years and 2 years, 
respectively) (Fig. 2). An alternative scenario was also explored 
using the assumption that all infants born to HIV-infected 
mothers (i.e., 30% of infants) lost maternal antibodies at 3 
months of age independent of the child’s HIV status (data 
not shown). Using this assumption, the percentage of children 
less than 1 year old who were susceptible to measles increased 
by an additional 5% for the populations with HIV-infected 
children.

Discussion
Our model supports the experience of southern Africa, dem-
onstrating that the impact of the HIV pandemic on measles 
population-immunity should not introduce an insurmountable 
barrier to measles control and elimination. This is partially be-
cause the impact of increased primary and secondary vaccine 
failure among HIV-infected children is counteracted by the 
high mortality rate of these children. For children aged 1–4 
years, the HIV pandemic could result in a 2–3% increase in 
the portion of the birth cohort susceptible to measles, and this 
increase is greater when HIV-infected children survive longer. 
These models suggest that more frequent SIAs may be neces-
sary to adequately control or eliminate measles in regions of 

Table 4. Estimated proportion of children immune to measles 
in hypothetical populations with and without HIV infection, 
by different coverage rates for routine vaccination and 
different strategies for supplemental immunization activities 
(SIAs). See text for assumptions and estimates used in deriving the 
numbers and for definitions of independent and dependent SIAs

 Population

 % measles immune,  % measles immune, 
 independent SIAs dependent SIAs

 HIVa Without Differ- HIVa Without Differ- 
  HIV ence  HIV ence

 50% routine coverage, 90% SIA coverage
 0–12 69.5 71.6 2.2 68.6 70.7 2.2
13–24 88.0 91.7 3.7 84.1 87.6 3.5
25–36 88.9 91.7 2.8 85.0 87.6 2.6
37–48  88.9 91.7 2.8 85.0 87.6 2.7
49–60 89.3 91.7 2.4 85.4 87.6 2.3

 80% routine coverage, 90% SIA coverage
 0–12 70.9 73.1 2.2 69.5 71.7 2.2
13–24 92.0 95.4 3.3 85.9 88.9 3.0
25–36 92.7 95.4 2.7 86.5 88.9 2.4
37–48 92.6 95.4 2.7 86.4 88.9 2.5
49–60 93.1 95.4 2.3 86.8 88.9 2.1

 90% routine coverage, 90% SIA coverage
 0–12 71.4 73.6 2.3 69.8 72.0 2.2
13–24 93.4 96.9 3.2 86.5 89.3 2.8
25–36 94.0 96.6 2.6 86.9 89.3 2.4
37–48 93.9 96.6 2.7 86.9 89.3 2.4
49–60 94.3 96.6 2.3 87.2 89.3 2.1

a  Altogether 9% of children are assumed to be vertically infected with HIV,  
 corresponding to an HIV prevalence of 30% in adults.

Age  
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Fig. 1. Cumulative number of children susceptible to measles
over five birth cohorts (0–60 months), assuming different rates
of routine vaccination coverage. Calculations were based on
an annual birth cohort of 100 000. In this cohort 65% of HIV-
infected children were assumed to develop immunity to measles
at 9 months of age. The “middle mortality assumption” was used for
HIV-infected children (see text and Table 1)
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high HIV prevalence, but the optimal interval between SIAs 
was influenced more by the coverage rate of routine measles 
vaccination than by HIV prevalence.

The most significant factor resulting in an increase in the 
number of susceptible children was the absence of a second 
opportunity for vaccination. In addition, the impact of the 
type of campaign (dependent or independent) was much more 
significant than the presence of HIV in the population, the 
response of HIV-infected children to vaccination or the median 
survival of HIV-infected children. With an annual birth cohort 
of 100 000, 90% coverage of routine vaccination with a vaccine 
that is 85% effective, and no second vaccination opportunity, 
approximately 100 000 susceptible children less than 5 years 
old will accumulate over a five-year period (Fig. 1). This num-
ber is reduced to 60 000 if a dependent campaign is conducted 
and further reduced to 37 000 if an independent campaign is 
conducted (Fig. 2).

Our estimates do not account for other mechanisms by 
which the HIV pandemic may impact on population immunity 
to measles virus in children, such as the differential effects of 
the mode and timing of HIV infection (e.g. peripartum and 
transmission through breast milk) on response to vaccina-
tion and survival or the differential uptake of vaccination by 
children born to HIV-infected mothers versus those born to 
uninfected mothers. The model also does not incorporate 
the geographical heterogeneity (e.g., cities versus rural areas) 

that could be expected with regard to measles incidence, HIV 
prevalence and the survival of HIV-infected children. The 
model evaluated the strategy of routine vaccination plus SIAs 
in populations with and without HIV and would need to be 
adjusted if alternative strategies (such as providing a second 
dose in the routine vaccination programme) were used. Finally, 
these estimates are most relevant to settings aiming at measles 
elimination; they do not evaluate fully the impact of the HIV 
pandemic in settings that have mortality reduction goals with 
continued transmission of measles virus.

More generally, this analysis does not explicitly address 
other impacts of the HIV pandemic on measles elimination and 
control, such as the potential for prolonged or enhanced shed-
ding of wild-type measles virus by people infected with HIV 
(48), the possible increased severity of measles in people who 
are infected with HIV (possibly due to increased immune sup-
pression, altered vitamin A levels and poor nutritional status), 
the potential increased risk of serious adverse events following 
measles vaccination in HIV-infected children, or the possibility 
that the absence of characteristic signs and symptoms of measles 
in immunosuppressed people could hamper case–finding and 
surveillance and lead to nosocomial transmission of measles. 
Finally, the economic and social disruption caused by the HIV 
pandemic could affect coverage of measles vaccination and 
make the implementation of measles-control strategies more 
difficult. To incorporate many of these variables, more formal 
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Fig. 2. Cumulative number of children susceptible to measles over five birth cohorts (0–60 months) after both routine
and supplemental measles immunization activities (SIAs), assuming different rates of seroconversion and mortality.
Calculations were based on an annual birth cohort of 100 000. See text, Box 1 and Table 1 for details on mortality assumptions and seroconversion
rates for children older than 9 months of age
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at birth

A 9 45 Low
B 9 65 Low
C 9 45 Middle
D 9 65 Middle
E 9 65 High
F 0 45 Low

% HIV-infected children
who seroconvert

at 9 months

Mortality assumption
for HIV-infected

children

Not applicable Not applicable

SIA = Supplemental measles immunization activities
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assessment of the impact of HIV on population immunity 
using dynamic mathematical models is planned.

Many questions remain including: what are the primary 
and secondary failure rates and the optimal age of measles 
vaccination in HIV-infected children? What is the degree of 
shedding and what is the duration of shedding of wild-type 
measles virus by people infected with HIV? What are the clini-
cal and immunological effects of repeated vaccination with live 
measles virus in children infected with HIV? What is the 
role of HIV-infected adults in the sustained transmission of 
measles, especially as vaccination programmes mature and 
more adults have immunity that is derived from measles vac-
cine which may be less robust than immunity derived from 
wild-type infection?

The magnitude and extent of the HIV pandemic has not 
yet peaked, and projections of large increases in the number of 
HIV-infected people in China, India and Russia are of great 
concern for many reasons including the potential impact on 
measles control. Finally, the impact of the widespread use of 
antiretroviral therapy on measles control strategies in sub-

Saharan Africa will need evaluation. With the scaling-up of 
antiretroviral therapy in the region, more HIV-infected people  
will have access to treatment. Perinatal use of antiretroviral 
therapy will reduce the percentage of HIV infections acquired 
perinatally. Highly active antiretroviral therapy will improve the 
serological response to a second dose of measles vaccine (49, 
50) and may increase the median age of survival of children 
infected with HIV. While the early experience in southern 
Africa is encouraging, continued reanalysis of the epidemiology 
of measles and of the HIV pandemic will be critical in evaluat-
ing the optimal strategies for measles control in Africa and the 
rest of the world.  O
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Résumé

Évaluation de l’impact de la pandémie de VIH/Sida sur la lutte contre la rougeole et l’élimination de 
cette maladie
Objectif Évaluer l’impact de la pandémie de VIH/Sida sur 
l’immunité de la population vis-à-vis du virus rougeoleux acquise 
grâce au vaccin. La suppression de la transmission du virus de 
la rougeole dans des zones géographiques étendues exige des 
niveaux d’immunité élevés dans la population et l’infection à VIH 
peut réduire l’efficacité de la vaccination antirougeoleuse.
Méthodes Les auteurs ont réalisé une revue de la littérature pour 
évaluer les principaux paramètres conditionnant l’impact potentiel 
de l’infection à VIH sur l’épidémiologie de la rougeole en Afrique 
sub-saharienne. Ces paramètres comprenaient la prévalence du 
VIH, la mortalité infantile, les taux de transmission périnatale du 
VIH et les réponses immunitaires protectrices à la vaccination 
antirougeoleuse. Les auteurs ont introduit les estimations de ces 
paramètres dans un modèle simple, applicable à des régions où 
le VIH est fortement prévalent, pour évaluer l’impact potentiel de 
l’infection à VIH sur l’immunité de la population vis-à-vis de la 
rougeole.
Résultats Le modèle laisse à penser que la pandémie de VIH/
Sida ne devrait pas opposer un obstacle insurmontable à la lutte 

contre la rougeole et à son élimination, du fait, en partie, de la 
compensation des taux plus élevés d’échec vaccinal primaire et 
secondaire chez les enfants séropositifs par le taux de mortalité 
plus important de ces enfants. La pandémie de VIH/Sida serait 
susceptible d’entraîner une augmentation de 2 à 3 % de la 
proportion de la cohorte de naissance vulnérable à la rougeole 
et des activités de vaccination supplémentaire plus fréquentes 
pourraient être nécessaires pour lutter contre cette maladie 
ou l’éliminer. D’après le modèle, le facteur influant le plus 
fortement sur l’intervalle optimal entre les activités de vaccination 
supplémentaire serait le taux de couverture par la vaccination 
antirougeoleuse systématique. Ce serait l’absence d’une deuxième 
chance de vaccination qui entraînerait la plus forte augmentation 
du nombre d’enfants vulnérables.
Conclusion Ces résultats contribuent à expliquer le succès initial 
des efforts d’élimination de la rougeole en Afrique australe, où l’on 
est parvenu à circonvenir la rougeole dans un contexte de forte 
prévalence du VIH.

Resumen

Evaluación del impacto de la pandemia de VIH en el control y eliminación del sarampión
Objetivo Estimar el impacto de la pandemia de VIH en la inmunidad 
poblacional de origen vacunal frente al virus del sarampión. Si se 
desea eliminar la transmisión del virus del sarampión en amplias 
zonas geográficas, es necesario garantizar un alto nivel de 
inmunidad en la población, pero la infección por VIH puede reducir 
la eficacia de la vacunación antisarampionosa.
Métodos Se llevó a cabo una revisión de la literatura para 
determinar los parámetros clave del impacto potencial de la 
infección por VIH en la epidemiología del sarampión en el África 
subsahariana; dichos parámetros fueron la prevalencia del VIH, la 
mortalidad en la niñez, las tasas de transmisión perinatal del VIH y la 
respuesta inmunitaria protectora a la vacunación antisarampionosa. 
Las estimaciones de esos parámetros se incorporaron en un modelo 

sencillo, aplicable a las regiones con alta prevalencia del VIH, para 
calcular el impacto potencial de la infección por dicho virus en la 
inmunidad poblacional contra el sarampión.
Resultados El modelo indica que la pandemia de VIH no tiene 
por qué suponer un obstáculo insuperable para el control y la 
eliminación del sarampión; ello se debe en parte a que las mayores 
tasas de ineficacia primaria y secundaria de la vacuna entre los 
niños infectados por el VIH se ven contrarrestadas por su alta 
tasa de mortalidad. La pandemia de VIH podría ocasionar un 
aumento del 2%-3% de la proporción de la cohorte de nacimiento 
vulnerable al sarampión, y tal vez se necesitarían actividades 
suplementarias de inmunización más frecuentes (ASI) para lograr 
controlar o eliminar esta enfermedad. En el modelo desarrollado, 
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el intervalo óptimo entre ASI dependía sobre todo de la tasa de 
cobertura de la vacunación antisarampionosa sistemática. La falta 
de una segunda oportunidad de vacunación es el factor que más 
incrementaba el número de niños vulnerables.

Conclusión Estos resultados ayudan a explicar el éxito inicial de 
los esfuerzos de eliminación del sarampión en el África austral, 
donde se ha conseguido controlar el sarampión en un entorno de 
alta prevalencia de la infección por VIH.

References
 1. Progress in reducing global measles deaths: 1999-2002. Weekly  
  Epidemiological Record 2004;39:20-1.
 2. World Health Organization. Mortality reduction and regional elimination:  
  strategic plan 2001-2005. Global measles. Geneva: WHO; 2001. WHO  
  document WHO/V&B/01.15.
 3. Nokes DJ, Williams JR, Butler AR. Towards eradication of measles virus: global  
  progress and strategy evaluation. Veterinary Microbiology 1995;44:333-50.
 4. Nokes DJ, Swinton J. Vaccination in pulses: a strategy for global eradication  
  of measles and polio? Trends in Microbiology 1997;5:14-9.
 5. Fine PE. Herd immunity: history, theory, practice. Epidemiologic Reviews  
  1993;15:265-302.
 6. Advances in global measles control and elimination: summary of the 1997  
  international meeting. MMWR Recommendations and Reports 1998;47  
  RR-11:1-23.
 7. Moss WJ, Cutts F, Griffin DE. Implications of the human immunodeficiency  
  virus epidemic for control and eradication of measles. Clinical Infectious  
  Diseases 1999;29:106-12.
 8. Progress in reducing global measles deaths. Weekly Epidemiological Record  
  2003;21:184-7.
 9. Global situation of the HIV/AIDS pandemic, end 2003. Weekly Epidemiological  
  Record 2003;49:417-24.
 10. UNAIDS. AIDS epidemic update: December 2003. Available from:  
  http://www.unaids.org/Unaids/EN/Resources/Publications/ 
  Corporate+publications/AIDS+epidemic+update+-+December+2003.asp 
 11. Biellik R, Madema S, Taole A, Kutsulukuta A, Allies E, Eggers R, et al.  
  First 5 years of measles elimination in southern Africa: 1996-2000. Lancet  
  2002;359:1564-8.
 12. World Health Organization. Southern Africa Integrated Disease Surveillance  
  Network feedback bulletin: December 2000. Harare: WHO Zimbabwe  
  Office; 2000 (also available from: http://www.afro.who.int/ids/bulletins/ 
  southern/dec2000.pdf).
 13. World Health Organization. Southern Africa Integrated Disease Surveillance  
  Network feedback bulletin: January 2002. Harare: WHO Zimbabwe Office;  
  2002 (also available from: http://www.afro.who.int/ids/bulletins/southern/ 
  jan2002.pdf).
 14. World Health Organization. Southern Africa Integrated Disease Surveillance  
  Network feedback bulletin: January 2003. Harare: WHO Zimbabwe Office;  
  2003 (also available from: http://www.afro.who.int/csr/ids/bulletins/ 
  southern/jan2003.pdf). 
 15. Halsey N. The optimal age for administering measles vaccine in developing  
  countries. In: Halsey N, de Quadros CA, editors. Recent advances in  
  immunization: a bibliographic review. Washington, DC: Pan American  
  Health Organization; 1983. pp. 4-17.

 16. Global situation of the HIV/AIDS pandemic, end 2001. Part 1. Weekly  
  Epidemiological Report 2001;49:381-6.
 17. UNAIDS. Report on the Global HIV/AIDS Epidemic: June 2000. Geneva:  
  UNAIDS; 2000 (UNAIDS/00.13E). 
 18. UNAIDS, World Health Organization. Global HIV/AIDS and STD surveillance:  
  epidemiologic fact sheets by country. Geneva: UNAIDS; 2002. 
 19. UNAIDS, World Health Organization. AIDS Epidemic Update December 2001.  
  Geneva: UNAIDS, WHO; 2001 (UNAIDS/01.74E; WHO document WHO/CDS/ 
  CSR/NCS/2001.2).
 20. Buve A, Bishikwabo-Nsarhaza K, Mutangadura G. AIDS in Africa. I:  
  The spread and effect of HIV-1 infection in sub-Saharan Africa. Lancet  
  2002;359:2011-7.
 21. Nduati R, John G, Mbori-Ngacha D, Richardson B, Overbaugh J, Mwatha A,  
  et al. Effect of breastfeeding and formula feeding on transmission of HIV-1:  
  a randomized clinical trial. JAMA 2000;283:1167-74.
 22. Lallemant M, Lallemant-Le-Coeur S, Cheynier D, Nzingoula S, Jourdain G,  
  Sinet M, et al. Mother-child transmission of HIV-1 and infant survival in  
  Brazzaville, Congo. AIDS 1989;3:643-6.
 23. De Cock KM, Fowler M, Mercier E, de Vincenzi I, Saba J, Hoff E, et al.  
  Prevention of mother-to-child HIV transmission in resource-poor countries:  
  translating research into policy and practice. JAMA 2000;283:1175-82.
 24. Ekpini ER, Wiktor SZ, Satten GA, Adjorlolo-Johnson GT, Sibailly TS, Ou CY,  
  et al. Late postnatal mother-to-child transmission of HIV-1 in Abidjan, Côte  
  d’Ivoire. Lancet 1997;349:1054-9.
 25. Dabis F, Msellati P, Dunn D, Lepage P, Newell ML, Peckham C, et al. Estimating  
  the rate of mother-to-child transmission of HIV. Report of a workshop on  
  methodological issues, Ghent (Belgium), 17-20 February 1992. The Working  
  Group on Mother-to-Child Transmission of HIV. AIDS 1993;7:1139-48.
 26. Dunn D, Newell M, Ades A, Peckham C. Risk of human immunodeficiency  
  virus type 1 transmission through breastfeeding. Lancet 1992;340:585-8.
 27. Mbori-Ngacha D, Nduati R, John G, Reilly M, Richardson B, Mwatha A,  
  et al. Morbidity and mortality in breastfed and formula-fed infants of HIV-1-  
  infected women: a randomized clinical trial. JAMA 2001;286:2413-20.
 28. Taha TE, Kumwenda NI, Hoover DR, Biggar RJ, Broadhead RL, Cassol S, et al.  
  Association of HIV-1 load and CD4 lymphocyte count with mortality among  
  untreated African children over one year of age. AIDS 2000;14:453-9.
 29. Marum LH, Tindyebwa D, Gibb D. Care of children with HIV infection and  
  AIDS in Africa. AIDS 1997;11 Suppl B:S125-34.
 30. Ryder RW, Nsa W, Hassig SE, Behets F, Rayfield M, Ekungola B, et al.  
  Perinatal transmission of the human immunodeficiency virus type 1 to  
  infants of seropositive women in Zaire. New England Journal of Medicine  
  1989;320:1637-42.



337Bulletin of the World Health Organization | May 2005, 83 (5)

 Research 
R.F. Helfand et al.  Evaluating the impact of HIV on measles control 

 31. Marum LH, Bagenda D, Guay L, Aceng E, Kalyesubula I, Tindyebwe D, et al.  
  Three-year mortality in a cohort of HIV-1 infected and uninfected Ugandan  
  children. In: XI International AIDS Conference. Geneva: International AIDS  
  Society; 1996. p. 25 (Abstract No. We.B.312). 
 32. Guay L, Hom D, Aceng E, Svilar G, Ndugwa C, Olness K, et al. Mortality and  
  natural history experience in children of HIV-1 infected mothers in Uganda.  
  In: IX International AIDS Conference. Geneva: International AIDS Society;  
  1993 (Abstract No. PO-C04-2675). 
 33. Eshleman SH, Guay LA, Fleming T, Mwatha A, Mracna M, Becker-Pergola G,  
  et al. Survival of Ugandan infants with subtype A and D HIV-1 infection  
  (HIVNET 012). Journal of Acquired Immune Deficiency Syndromes  
  2002;31:327-30.
 34. Taha TE, Graham SM, Kumwenda NI, Broadhead RL, Hoover DR, Markakis D,  
  et al. Morbidity among human immunodeficiency virus-1-infected and  
  -uninfected African children. Pediatrics [Online journal] 2000;106:e77.  
  Available from: http://pediatrics.aappublications.org/cgi/content/full/106/6/e77
 35. Dabis F, Ekpini E. HIV-1/AIDS and maternal and child health in Africa.  
  Lancet 2002;359:2097-104.
 36. Rudy BJ, Rutstein RM, Pinto-Martin J. Responses to measles immunization  
  in children infected with human immunodeficiency virus. Journal of Pediatrics  
  1994;125:72-4.
 37. Brena AE, Cooper ER, Cabral HJ, Pelton SI. Antibody response to measles and  
  rubella vaccine by children with HIV infection. Journal of Acquired Immune  
  Deficiency Syndromes 1993;6:1125-9.
 38. Oxtoby M, Ryder R, Mvula M, Nsa W, Baende E, Onorato I. Patterns of  
  immunity to measles among African children infected with Human  
  Immunodeficiency Virus. In: Epidemic Intelligence Service Conference.  
  Atlanta (GA): Centers for Disease Control and Prevention; 1989. p. 31-2.
 39. al-Attar I, Reisman J, Muehlmann M, McIntosh K. Decline of measles antibody  
  titers after immunization in human immunodeficiency virus-infected children.  
  Pediatric Infectious Disease Journal 1995;14:149-51.
 40. Arpadi SM, Markowitz LE, Baughman AL, Shah K, Adam H, Wiznia A, et al.  
  Measles antibody in vaccinated human immunodeficiency virus type 1-  
  infected children. Pediatrics 1996;97:653-7.
 41. Krasinski K, Borkowsky W. Measles and measles immunity in children  
  infected with human immunodeficiency virus. JAMA 1989;261:2512-6.

 42. Palumbo P, Hoyt L, Demasio K, Oleske J, Connor E. Population-based study  
  of measles and measles immunization in human immunodeficiency virus- 
  infected children. Pediatric Infectious Disease Journal 1992;11:1008-14.
 43. Thaithumyanon P, Punnahitananda S, Thisyakorn U, Praisuwanna P,  
  Ruxrungtham K. Immune responses to measles immunization and the impacts  
  on HIV- infected children. Southeast Asian Journal of Tropical Medicine and  
  Public Health 2000;31:658-62.
 44. Brunell PA, Vimal V, Sandu M, Courville TM, Daar E, Israele V. Abnormalities  
  of measles antibody response in human immunodeficiency virus type 1  
  (HIV-1) infection. Journal of Acquired Immune Deficiency Syndromes and  
  Human Retrovirology 1995;10:540-8.
 45. Frenkel L, Nielsen K, Garakian A, Cherry J. A search for persistent measles,  
  mumps, and rubella vaccine virus in children with human immunodeficiency  
  virus type 1 infection. Archives of Pediatrics and Adolescent Medicine  
  1994;148:540-8.
 46. Walter EB, Katz SL, Bellini WJ. Measles immunity in HIV-infected children.  
  Pediatric AIDS and HIV Infection 1994;5:300-4.
 47. Jason J, Murphy J, Sleeper LA, Donfield SM, Warrier I, Arkin S, et al. Immune  
  and serologic profiles of HIV-infected and noninfected hemophilic children  
  and adolescents. Hemophilia Growth and Development Study Group.  
  American Journal of Hematology 1994;46:29-35.
 48. Permar SR, Moss WJ, Ryon JJ, Monze M, Cutts F, Quinn TC, et al. Prolonged  
  measles virus shedding in human immunodeficiency virus-infected children,  
  detected by reverse transcriptase-polymerase chain reaction. Journal of  
  Infectious Diseases 2001;183:532-8.
 49. Melvin AJ, Mohan KM. Response to immunization with measles, tetanus,  
  and Haemophilus influenzae type b vaccines in children who have human  
  immunodeficiency virus type 1 infection and are treated with highly active  
  antiretroviral therapy. Pediatrics 2003;111(6 Pt 1):e641-4 (also available  
  from: http://pediatrics.aappublications.org/cgi/content/full/111/6/e641).
 50. Berkelhamer S, Borock E, Elsen C, Englund J, Johnson D. Effect of highly  
  active antiretroviral therapy on the serological response to additional  
  measles vaccinations in human immunodeficiency virus-infected children.  
  Clinical Infectious Diseases 2001;32:1090-4.

Appendix 1
The estimates of immunity to measles in the population with 
HIV-infected children were derived by multiplying the pro-
portion of HIV-infected children immune to measles by the 
proportion of HIV-infected children in an age-specific stratum. 
This was then added to the proportion of HIV-uninfected 
children immune to measles multiplied by the proportion of 
HIV-uninfected children in the age stratum. Thus, for chil-
dren aged 0–12 months and with 90% coverage of measles 
vaccination, the proportion of children immune to measles is 
the proportion of HIV-infected children immune to measles 
(39.6%, from Table 2) multiplied by the proportion of HIV-
infected children in the age-specific stratum (6.9%, from Table 
1 “middle mortality”) plus the proportion of HIV-uninfected 
children immune to measles (69.1%, from Table 2) multiplied 
by the proportion of HIV-uninfected children in the age stra-
tum (93.1%, which is 1.000–0.069). Thus, (0.396 x 0.069) +  
(0.691 x 0.931) = 0.671.

To demonstrate how the estimates in Table 2 were de-
rived, consider the measles immunity rates for HIV-uninfected 
children with routine coverage only. For children in the age 
strata that represent those older than 12 months, the estimates 
are straightforward: 85% seroconversion multiplied by 90% 
coverage. For children less than 12 months old, the calculation 
includes the assumption that children less than 6 months old 
have protective maternal antibodies and only children 9–12 

months of age are vaccinated. The simplifying assumption 
was made that 100% of infants were protected by maternal 
antibodies to the age of 6 months, with none being protected 
after that age, although maternal antibody decay begins soon 
after birth, with a resultant exponential fall in the proportion of 
children protected over the first year of life. Thus, 0.5 + (0.25 x 
0.85 x 0.9) = 0.69. Supplemental immunization activities add 
an additional number of immune children. For children aged 
> 12 months who then participate in an independent SIA, the 
proportion of those who are immune increases by the percent-
age of non-immune children (23.5%) multiplied by the 95% 
seroconversion rate and 90% coverage rate, so 0.235 x 0.95 x 
0.9 = 0.2009. For a dependent campaign, the proportion of 
“eligible” children decreases from 23.5% to 13.5% (0.135 x 
0.95= 0.128) because the 10% missed by routine coverage are 
not reached in the SIA.

The calculations for children infected with HIV are simi-
lar except that maternal antibodies persist for only 3 months; 
only 65% of children seroconvert at 9 months of age; the pro-
portion of children immune decreases with age; previously vac-
cinated but non-immune children are assumed not to respond  
to a second dose of measles vaccine; and age-specific serocon-
version rates are used for the SIA. Under these assumptions, 
independent SIAs had little effect on the proportion of HIV-
infected children who were immune to measles (Table 2).


