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“Recent outbreaks in LMICs, such as South Africa, observed a demographic shift in measles cases;
in addition to high percentage of cases occurring in very young infants (24% of 18,431 laboratory

confirmed cases in infants less than 9 months age) [6]; adults in the age group of high HIV
prevalence were also affected (20% in adults aged 15–39 years) [7].”
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Measles remains a leading cause of vaccine preventable morbidity and mortality in children [1]. Despite recent
progress in improving measles vaccine coverage in children, particularly in low and middle-income countries
(LMICs) [1], in 2015 measles incidence was estimated at 9.7 million cases and 134,200 (95% CI of 74,400–
353,600) deaths [2]. Although measles is targeted for eradication, this remains elusive, partly because of the highly
contagious nature of measles; requiring at least 95% vaccine coverage to interrupt transmission [3]. Instead, there
has been a reduction in measles vaccine coverage recently, which has resulted in outbreaks, even in high-income
countries, where measles cases have been uncommon in the past decade [4,5]. Recent outbreaks in LMICs, such as
South Africa, observed a demographic shift in measles cases; in addition to high percentage of cases occurring in
very young infants (24% of 18,431 laboratory confirmed cases in infants less than 9 months age) [6]; adults in the
age group of high HIV prevalence were also affected (20% in adults aged 15–39 years) [7]. This demographic shift
might relate to waning of measles immunity, including among women in the reproductive age-group, who have
primarily derived immunity through vaccination rather than wild-type virus exposure, resulting in lower antibody
titers transferred to their newborns [8,9].

Increased maternal age has been showed to be correlated with higher transplacental transfer of measles anti-
bodies [9] due to older women being more likely to have acquired immunity to measles through wild-type virus
exposure [8,9]. Furthermore, vaccine-induced immunity wanes faster than naturally acquired immunity [8], result-
ing in lower concentrations of transplacental measles antibody acquisition in newborns of women who derive
immunity through vaccination. Reportedly, 99% of newborns from women with vaccine-acquired immunity have
undetectable measles antibodies by 6 months of age [8], resulting in increased susceptibility at a younger age in
infants. The role of maternal-derived antibodies in providing protection against infectious diseases in young infants
is well established. Maternal IgG is actively transported across the placenta mainly during the third trimester and
can be present at levels as high or even higher than in the mother [10]. Transplacental antibody transfer is, however,
influenced by several factors, including maternal antigen-specific IgG levels, IgG subclass, gestational age and
placental integrity, which could be affected by HIV and malaria [10]. During HIV infection, formation of immune
complexes may cause physical blockage of the FcRn receptors and impairment of IgG, including developmental
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and avidity functions [11], which may lead to the inability of IgG to bind FcRn receptors and consequently, reduce
transfer of IgG across the placenta. Moreover, placental inflammation during HIV has also been associated with
reduced placental integrity [12], which in turn lowers transplacental transfer efficiency.

The HIV epidemic may have enhanced measles transmission [13]. Measles disease in HIV-infected children
is characterized with unusual and severe clinical manifestations, including a high frequency of pneumonitis and
measles-associated neurological disorders [13]. Furthermore, in the USA, case fatality rate of measles was higher in
HIV-infected (37%) individuals when compared with the general population (<1%) [13]. HIV-infected children
also have lower levels of measles antibodies that appear to decline faster than in healthy HIV-uninfected children [13].
Prospective trials in the USA to a single dose of standard titer measles vaccine in HIV-infected children suggested an
impaired immune response to the vaccine with a proportion of vaccinated children remaining susceptible to measles
disease [13]. A study in Kenya, where only 33% of antiretroviral-naive HIV-infected children had seroprotective
measles antibodies 2–5 years after vaccination in their first year of life, indicated waning of immunity and possible
impairment of maintained B-cell memory responses [14]. HIV-infected children have also been shown to have
prolonged viral shedding, which may lead to increased transmission [13]. Taken together, HIV infection may have
increased the incidence of measles, including outbreaks.

In sub-Saharan Africa, this increased susceptibility of young infants to measles infection and consequently, more
severe disease, might be compounded by the high prevalence of infants born to HIV-infected women, in whom
immunosuppression results in greater waning of measles and other vaccine preventable disease antibodies [15]. The
WHO recommended a measles vaccine dosing schedule for LMICs which involves delaying vaccination until
at least 9 months of age with a booster dose at the second year of life [1]. This was largely premised on the
interference of maternal-derived measles IgG antibodies on the immunogenicity of the vaccine at a younger age [16]

and compounded by the innately lower immunogenicity of measles vaccine in young infants due to their immature
immune systems [16]. The success of mother-to-child HIV prevention programs has reduced the risk of HIV
infection in infants born to HIV-infected women to <1% [17]. The prevalence of HIV infection among pregnant
women in many sub-Saharan African countries has, however, remained unchanged in the past decade resulting in
high numbers of HIV-exposed uninfected infants, who are at an increased risk of infection-related morbidity and
mortality during infancy, possibly due to aberrant immune systems [17] and also reduced transplacental acquisition
of protective maternal IgG against vaccine-preventable diseases [9]. In South Africa, where maternal HIV prevalence
is 30% [7], prevaccination at about 20 weeks of age resulted in only 28.8% and 27.7% of infants born to HIV-
uninfected and HIV-infected women, respectively, having detectable measles IgG; with an even lower proportion
(16.7% and 13.8%, respectively) having sero-protective measles antibody titers [18]. Furthermore, at 10-month
postvaccination, 94.3% and 79.6% of HIV-unexposed uninfected (HUU) and HIV-exposed uninfected (HEU)
infants, respectively, had sero-protective measles antibody titers [18]. Similarly, in Rwanda, only 10% of HEU
compared with 25% of HUU infants had detectable measles antibodies prevaccination at 6 months of age [19].
Until recently (2017), WHO only recommended measles vaccination at 6 months of age and booster doses at
9 months and 12–15 months in HIV-infected children [1]. However, with evidence of lower measles antibody
levels in HEU children [9], and therefore earlier susceptibility to measles disease, the current recommendation of
vaccination at 6 months of age includes both HIV-infected and HIV-exposed uninfected children [1]. This schedule
has, however, not yet been widely adopted, including in settings of high HIV prevalence. Furthermore, based on
the waning immunity seen even in HIV-uninfected women; who derived immunity from vaccination – this dosing
strategy might also need to be expanded to HIV-unexposed infants, particularly in the absence of high (>98%)
community coverage. Consequently, although the measles vaccine has been available since the 1960s, studies
informing current dosing schedules might need to be reconsidered in context of the changes in measles immunity
among women of child-bearing age, especially in the areas of high HIV prevalence.

The changing sero-epidemiological aspects of measles dictates that we explore different dosing schedules; in-
cluding having the first measles vaccine dose at 6 months of age; even though this might be offset by the innately
lower immunogenicity of the vaccine. Protection from measles after natural infection and vaccination involves both
humoral and cellular-immune pathways; so that even among infants with a poor antibody response, there could
be benefit of priming B and T cells in order to provide better responses upon re-exposure [20]. Furthermore, this
earlier vaccine approach may require new measles vaccines that are not only more immunogenic, but also less likely
to be affected by ‘blunting’ – the reduction in vaccine efficacy due to the presence of low levels of maternal-derived
antibodies. Also, consideration should be given toward providing a booster dose to nonpregnant women of repro-
ductive age, especially perhaps in HIV-infected women (and men) in LMICs. This will provide protection to both
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mothers and infants in cases of outbreaks, as well as increase the transplacental-transferred measles antibodies to the
infant, increasing the duration of passive protection from maternally derived antibodies. Furthermore, the optimal
dosing schedule of both the first vaccination at 6 months of age and the frequency/timing of future booster doses
requires further examination, especially in settings where maternal HIV prevalence is high.
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