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ABSTRACT

The respiratory tract has been suggested as an optimal alternative site to target
measles vaccine delivery. We performed a meta-analysis to evaluate the efficacy of
measles vaccine administered through the respiratory route compared to the subcutaneous
route. We analyzed 20 reported results from 16 eligible studies. Seroresponse was 4%
higher amongst vaccinees in the respiratory group compared to the subcutaneous group
(M-H pooled RR = 1.04; 95% ClI = 0.98-1.10). For vaccinees over 9 months of age,
seroresponse was 15% higher in the respiratory group (M-H pooled RR = 1.15; 95% ClI
= 1.08 to 1.17). When Edmonston Zagreb (EZ) strain was used, the vaccine was found
to be neither more nor less efficacious when administered through respiratory route
(M-H pooled RR=1.00; 95% Cl = 0.94 to 1.08). Seroresponse in the vaccinees receiving
aerosol measles vaccine was 10% higher (M-H pooled RR = 1.10, 95% Cl = 1.04-1.17)
compared to those who received measles vaccine through the subcutaneous route.
Seroresponse due to aerosolized EZ vaccine was 9% higher than subcutaneous EZ
vaccine (MH pooled RR = 1.09; 95% Cl = 1.02-1.16). The seroresponse among
seropositive vaccinees was 60% higher (M-H RR = 1.60; 95% Cl = 1.40 to 1.80). The
results suggest that the respiratory route of delivery of measles vaccine is at least as
efficacious as measles vaccine administered through the subcutaneous route. However,
more research is required on standardization of dosage, administration equipments,
efficacy, and safety of respiratory (aerosol) route of administration of measles vaccine.

INTRODUCTION

Measles is responsible for the highest number of deaths due to a vaccine-preventable
childhood disease.! It is estimated that over 30 million cases and 875,000 deaths occur
every year from measles. Of the deaths attributable to measles, 98% occur in developing
countries and case-fatality rates are estimated to be in the range of 1-5% but may reach
10-30% in some emergency situations.!

Failure to deliver at least one dose of measles vaccine to all eligible children remains the
primary reason for high measles morbidity and mortality. There is an increased momentum
towards measles control and elimination worldwide. This has encouraged researchers and
policy makers to explore, among many options, the potential for an easier and cheaper
delivery method for existing measles vaccine that could induce safe levels of immune
response and be useful in immunizing large number of susceptible children in a safe, cost
effective, and efficient way.!?

The respiratory tract has been suggested as an optimal alternative site to target vaccine
delivery.? This mode of vaccination could be even more appropriate for measles vaccine,
as it happens to be similar to the route of natural infection.! Since the respiratory route of
delivery of measles vaccine has the potential to be an effective, harmless, simple, inexpensive,
and practical method to decrease the measles burden worldwide,? it is attracting more
attention than ever before. The World Health Organization (WHO) has set up a WHO
Product Development Group for Measles Aerosol Vaccine,? to look into the various aspects
of feasibility of the acrosol route of administration of measles vaccine.

A couple of reviews>° of different routes of administration of measles vaccine have been
published earlier; however, to our knowledge, no meta-analysis has been conducted to
compare the alternative routes of administration for measles vaccine. We performed a
meta-analysis to evaluate if the respiratory route of administration of measles vaccine has
comparable or better efficacy in eliciting a seroresponse in vaccinees and to critically analyze
the available research evidence of administration of measles vaccine through the respiratory
route.
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* EE = Edmonston Ender; **EZ = Edmonston Zagreb; *** L-16= Leningrad — 16; SHDC= Human Diploid Cell; #SW= Schwartz.
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Figure 1. Forest plot of all included results.

MATERIALS AND METHODS

Search. We performed an online search on Pub Med/Medline for
published studies from 1952 to May 2004, Cochrane database for both
published and unpublished studies, and UMI ProQuest | database for online
digital dissertations. The search keywords were measles vaccine, measles,
measles aerosol vaccine, nasal route, inhalation of measles vaccine, and vaccine
preventable diseases. We sought references of published studies and review
articles. We separately searched for relevant documents on the names of
individual authors known to be working in this field. We contacted some
authors working in this field for clarification about their study design, and
to obtain information about unpublished data.

Selection of studies. We included a study if it compared the proportion
of seroresponse amongst vaccinees when measles vaccine was administered by
the respiratory route and the subcutancous route. We excluded a study if
(A) it was not published in English, (B) seroresponse was not measured, (C)
if different strains of vaccine (i.e., either Edmonston Zagreb (EZ) or
Schwarz strain (SZ) or Edgers Edmonston (EE) strain) were used in each
group (i.e., respiratory group and subcutaneous group), D) only one route
(either respiratory or subcutaneous route) was used to deliver vaccine.

Primary outcome and unit of analysis. We chose the proportion of
seroresponse in different vaccinee groups in each study as the primary
outcome. Due to advances in the scientific knowledge and availability of
sophisticated tests, the definition of seroresponse has undergone modifications
over the period during which the studies were carried out. Therefore, to
minimize the bias we chose to use the authors’ definition of seroresponse. In
the studies where the seroresponse was measured by different techniques, we
considered seroresponse measured by plaque neutralization (PN) studies. In
the studies which reported serial seroresponse over a period of time, we
considered the earliest reported seroresponse for the analysis. We stratified
the studies into those with vaccinee ages less than nine months and those
with vaccinee ages more than nine months. For the studies that reported
comparison of more than one respiratory technique to the subcutaneous
route, we included all the reported results as individual units of analysis.

Quality assessment and data abstraction. We developed a quality assess-
ment framework (available on request) to facilitate the assessment of the
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command of Stata 8™ statistical software.
We chose risk ratio of seroresponse between
the respiratory route and the subcutaneous
route as the principal measure of effect. We
calculated combined risk ratio among studies
by the Mantel Haenszel method. The risk ratio was calculated at alpha value
of 0.05, the confidence interval values including 1 were considered statisti-
cally nonsignificant. Owing to significant heterogeneity among all included
studies as measured by these tests, we performed meta-analysis using the
random effects model. We used the y? test for heterogeneity to calculate the
heterogeneity between the trials.!% We used the metabias command proposed
by Begg and Mazumdar!! and by Egger et al.!? to assess the potential pub-
lication bias.

RESULTS

Our primary search yielded a total of 38 relevant published articles. We
further evaluated the studies as per inclusion and exclusion criteria. Thirteen
articles were excluded, as they were either not clinical trials evaluating the
route of measles vaccine administration or were not in English. Of the
remaining 25 studies, we excluded two studies because the intramuscular
route was employed; we excluded three studies as these evaluated only the
respiratory route of delivery; one study did not report the proportion of
seroresponse amongst the vaccinees of the two groups; two studies evaluated
only the respiratory route of delivery with both Human Diploid Cell
Measles Vaccine (Mexico) strain and Chick Embryo Fibroblast Measles
Vaccine (Sclavo) strain and we excluded one study because it employed only
the inhalation route and evaluated the specific clinical reaction(s). On
complete data abstraction, we identified 20 reported results as units of the
analysis from sixteen eligible studies.

Study characteristics

The selected studies showed substantial diversity in terms of geographi-
cal distribution, strains of vaccine employed, dosage administered in each
arm of the study, technique of administering vaccine through the respiratory
route, and assessing the outcome intervention. The largest number of trials
was reported from Mexico. Seven studies clearly mentioned that the vacci-
nees were allocated to the respiratory and the subcutaneous routes of deliv-
ery through the process of randomization. The age group of the vaccinees in
different studies ranged from 2 weeks to 14 years. Two studies broadly
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Figure 2. (A) Forest Plot of results with children over 9 months of age. (B) Forest Plot of all included results employing only EZ measles vaccine. (C) Forest
plot of included results employing only aerosol technique of delivery. (D) Forest plot of included results employing only EZ measles vaccine and only aerosol
technique of administration. (E) Forest Plot of results including vaccinees with prior exposure to measles antigen.

mentioned the age as “children”,'33 and age among vaccines in two studies
spanned across 9 months.!>2 Four studies mentioned that the vaccinees
were exposed to measles virus (either through infection or vaccination) prior
to the study, six studies did not clearly mention the prevaccination serosta-
tus of vaccinees, and the rest of the studies mentioned that the vaccinees
were seronegative at the beginning of the study. Nine studies employed the
EZ strain, two studies employed Biken Lot, two employed Measles (EZ) +
RA 27/3 strain, one study employed Measles (SW) + RA 22/7. Other strains
employed were Connought strain, L 16, Human Diploid Cell and Enders
Edmonston in different comparison groups within individual studies. Eight
studies mentioned that vaccinees were not exposed to measles virus (either

www.landesbioscience.com

in the form of an infection or vaccination), and in seven studies the vaccinees
were exposed to measles virus (either as infection or vaccination). In the
parenteral group, the vaccine was administered through subcutaneous
injection. In the respiratory route group; nine studies employed the aerosol
technique, other techniques employed were nasal inhalation, nasal instillation,
nasal spray, nasal drops, and nasal swabbing of anterior nares. There were
several differences in vaccine dose between studies and between study arms
(see Table 1). The median and mode of the quality scores achieved by the
various results were 14 and 22 respectively; out of a maximum score of 25.
We have presented the quality assessment scores and a summary of study
characteristics in Table 1.
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Figure 3. (A) Begg's Funnel plot (Publication bias) for all included results. (B)
Egger’s Plot (Publication bias) for all included results.

Results of statistical analysis

Overall analysis. Of the twenty results analyzed, nine showed the point
estimate of risk ratio of more than one (Fig. 1). The summary estimate of
effect suggested that the seroresponse was 4% higher amongst vaccinees in
the respiratory group than those in the subcutaneous group (M-H pooled
RR = 1.04; 95% CI = 0.98-1.10) (Fig. 1). Out of nine results, five results
attained statistical significance (confidence interval did not cross 1.0). The
test for heterogeneity of effect across the studies was consistent with random
variation (p<0.001).

Effect of route of administration of measles vaccine by age groups. We
stratified seven results into less than nine months stratum, nine results
enrolling children nine months and older were stratified into more than nine
months stratum. We did not include four studies in this subgroup analysis,
two of these four studies merely mentioned “children”,'%33 and two studies
included vaccinees spanning across nine months of age.!320

Of the seven results involving children less than nine months of age, the
point estimate of risk ratio for one of these results showed a higher seroresponse
in the respiratory group compared to the subcutaneous group. The summary
effect of the respiratory route of administration of measles vaccine compared
to the subcutaneous route of administration in children less than nine
months was lower by 19% (M-H pooled RR = 0.81; 95% CI = 0.70 to
0.95). The test for heterogeneity of effect across the studies was consistent
with random variation (p<0.001).

Of the nine results involving children over nine months of age, the point
estimate of risk ratio for seven of these studies showed a higher seroresponse
amongst vaccinees receiving vaccine by the respiratory route (Fig. 2A). The
summary measure showed that 15% (M-H pooled RR = 1.15; 95% CI = 1.08
to 1.22) more vaccines over nine months of age vaccinated through the
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respiratory route had a seroresponse compared to the vaccinees immunized
through the subcutaneous route. Three results attained statistical signifi-
cance. The result of the test for heterogeneity (p<0.001) was consistent with
random variation of the studies.

Effect of respiratory route of administration by different strains of
vaccine. There were 10 results reporting administration of EZ vaccine. The
point estimate of risk ratio of three of them was greater than one, and two
of these attained statistical significance. The summary estimate for serore-
sponse suggested that EZ vaccine when administered through respiratory
route was neither more nor less efficacious than EZ vaccine administered
through subcutaneous route (M-H pooled RR=1.00; 95% CI = 0.94 to
1.08) (Fig. 2B).

Effect of aerosol technique and other respiratory administration tech-
niques. Subgroup analysis was performed for studies comparing aerosol
technique with subcutanecous administration of measles vaccine. Of the
twenty results, eleven results were based on the delivery of vaccine by aerosol
technique. The point estimate of risk ratio of six of these results showed a
higher seroresponse among vaccinees immunized by aerosol technique and
five of them attained statistical significance (Fig. 2C). The summary estimate
for seroresponse in the vaccinees receiving measles vaccine through aerosol
technique was 10% higher (M-H pooled RR = 1.10, 95% CI = 1.04-1.17)
compared to those who received measles vaccine through the subcutaneous
route. An analysis was carried out by selecting the results that had EZ
vaccine delivered by aerosol technique, and comparing it to EZ vaccine
delivered through the subcutaneous route. The EZ vaccine was delivered
through aerosol technique in seven of the included results (Fig. 2D). The
seroconversion due to EZ vaccine administered by aerosol technique was
9% higher for the respiratory route compared to EZ vaccine administered
through the subcutaneous route (M-H pooled RR = 1.09; 95% CI =
1.02-1.16). The point estimate of 4 results was greater than one and two of
them attained statistical significance.

Effect of route of administration by randomized studies. Of the twenty
results included, vaccinees were randomly allocated to different groups in
nine results. On analyzing the effect of respiratory route of administration
of measles vaccine compared to subcutaneous administration of measles
vaccine in these randomized studies, the point estimate in five results
showed increased seroresponse in the respiratory group. The summary
estimate of the combined effect of seroresponse, among the vaccinees in the
respiratory group was 7% higher than the seroresponse in the subcutaneous
group (M-H pooled RR = 1.07; 95% CI = 1.00-1.14), and four results
attained statistical significance.

Effect of route of administration by preintervention exposure status.
For 15 results information on pre-intervention exposure was available.
Among 9 results involving children not exposed to measles virus in any form
(either by immunization or infection), the point estimate for two result
showed a higher seroresponse. The summary estimate of the combined
effect of seroresponse, among unexposed vaccines was 8% lower (M-H RR
=0.92; 95% CI = 0.86 to 0.99). Among 6 results involving children with
exposure to measles virus in any form (either by immunization or infection),
the point estimate for all of the 6 results showed a higher seroresponse, and
five of them attained statistical significance. The summary estimate for the
combined effect of seroresponse, among exposed vaccines was 60% higher
(M-H RR = 1.60; 95% CI = 1.40 to 1.80) (Fig 2E).

Influence analysis. In all of the analysis models, we recognized that the
results of Dilraj et al.3? greatly influenced the overall results due to its sample
size. Therefore, we also carried out the above mentioned analyses excluding
the results of the Dilraj et al. study. The pooled M-H RR of overall results
was reduced to 1.01 (95% CI = 0.93-1.10) and the pooled M-H RR for
subgroup analysis for EZ strain of vaccine was 0.76 (95% CI = 0.65-0.88),
but the pooled M-H RR increased for the aerosol route [RR = 1.14 (95%
CI = 1.03-1.25)], EZ vaccine administered through the aerosol route [RR
= 0.96 (95% CI = 0.83—1.11)], results of randomized studies [RR = 1.06
(95% CI = 0.94-1.21)], and for children over 9 months of age [RR = 1.32
(95% CI = 1.17-1.50)].

Publication bias. There was evidence of publication bias as ascertained
by Begg adjusted rank correlation test (Fig. 3A) or the Egger test (Fig. 3B),
for the overall analyses (p value = 0.760), and each of the subgroup analysis
(results not presented).
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DISCUSSION

Within the limitations stated below, the results of our
meta-analysis suggest that the respiratory route of delivery of measles
vaccine is at least as efficacious as administering the vaccine through
the subcutaneous route. The results remained qualitatively consistent
for EZ strain and aerosol route, age more than nine months, serosta-
tus and aerosol technique. The results from the influence analysis
further consolidate our findings in terms of both overall analysis and
the subgroup analysis. The results of our meta-analysis assume more
significance, as these have been derived from very diverse studies
carried out in various parts of the world, and could suggest the
generalizability of this route of administration of measles vaccine.

Coverage of measles vaccine is low in many countries due to
multiple reasons. The inherent disadvantages of the needle and
syringe technology, such as requirement of relatively skilled personnel
to administer the vaccine, risk of transmission of blood-borne infec-
tions, and injection pain are some of the major reasons for low
coverage.>> Moreover, only a limited amount of antigen can be given
through injections'? and maternal IgG antibodies can inhibit the
vaccine viral replication if the vaccine is administered to vaccinees
under ? months of age through the subcutaneous route.®!4

Biologically, administration of vaccine (even in doses lower than
the subcutaneous dose) through lungs could mimic the natural route
of measles transmission and may potentially lead to development of
natural immunity first at the portal of entry, produce superior local
respiratory tract immunity,®!> induce measles specific T cell immu-
nity in infants,'® and induce a more generalized systemic immunity.!3
The antibodies lining the respiratory epithelium, predominantly
IgA, are less likely to have been acquired from the mother and to
inhibit viral replication.!” Mucosal immunity does not undergo age
associated changes; therefore, the vaccine can be administered to
both the elderly and infants. Studies have shown that the respiratory
route of administration of vaccine has a favorable effect on overcom-
ing the blocking antibodies derived from the mother.!® This route
holds more relevance in infants as it is not adversely affected by
maternal antibodies,!? serostatus and nutritional status of children.!?
By stimulating local respiratory tract immunity, it also has the
potential to prevent reinfection.’> The aerosol route has better
immunogenicity in seronegative, seropositive and malnourished
children.16:20

Mucosal immunization can be used to enhance induction of both
mucosal and systemic immune responses.?! Therefore, it can be
employed for priming for parenteral immunization and aiding
booster administrations.!”-?23 If required, the mucosal route can
administer a greater volume of vaccine.!® This route can also be
employed to administer combined antigens such as Measles and
Rubella: studies have shown that there is no interference between
antigens, instead, it is likely to elicit superior mucosal immunity for
both.!324 The EZ vaccine administered by aerosol gives better short
term immunity and better antibody persistence, which could lead to
longer duration of protection. This has prompted some researchers
to suggest administration of vaccine by the aerosol route to young
adults to boost immunity of women in their early child bearing years
—so that the passive immunity in newborn could protect the infant
for more than 6 months.?? It has been hypothesized that induction
of immunity in the nasal (olfactory) mucosa may have a special
importance for protection of the central nervous system against
certain infectious diseases.> However, this theory requires further
investigation.
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As the aerosol route is non invasive and requires very little coop-
eration by the subjects, it may be a better option for childhood inoc-
ulations and may have better acceptance in the population. Ease of
administration and better acceptability could make aerosol technique
ideal for planned mass immunization, outbreak control, and in disaster
settings without the need for extensive training programs. As the
personnel administering vaccine through this route have a lower risk
of injection related injuries, they will be better protected against
fatrogenic infections.®%>

Clinically, the aerosol route of delivery of vaccine is less reacto-
genic than the subcutaneous route. A number of studies have docu-
mented that the administration of vaccine through the parenteral
route is associated with a comparatively higher rate of adverse events.
Measles vaccine administered through the aerosol or the respiratory
route is well tolerated; common clinical adverse reactions are fever
and mild conjuctival discharge. The aerosol group in each of the
studies showed significantly lower frequency of fever, rhinitis, cough,
generalized morbilliform rash, arthalgias, and conjuctival hyperemia
in infants.>13.20,26-28

Lower respiratory tract is the optimum target and optimal depo-
sition in the alveolar region occurs with particle size 1-5 microns,
while the greatest deposition in the tracheobronchial region occurs
with the particle sizes ranging from 3-10 microns.>!>2%29 Hence,
the seroconversion due to the aerosol inhalation method would
depend on certain factors such as the type of mask, duration of
aerosol inhalation, composition of acrosol especially with regards to
particle size characteristics of inhalational device.

Factors such as duration of exposure,'>17 presence of respiratory
illness, variation in the breathing pattern in different age groups, and
inhaled biological dose!”3% can influence seroconversion in a vacci-
nee.’132 One potential shortcoming of this technique could be
spread of respiratory infection or cross infection due to sharing of
inhalational device between vaccinees. Employing single use disposable
masks for each vaccinee can minimize this. The safety of the vaccinees
and vaccinators exposed to large amounts of aerosolized vaccine also
merits investigation. Only one study'® reported a fourfold increase
in the antibody titer of investigators who had inhaled large amounts
of aerosolized vaccines escaping from the masks.

Limitations of this study. The results of this study are limited by
the fact that we had a relatively small number of eligible studies. The
studies had substantial differences in terms of design and quality of
the reported results. Based on the quality analyses, a substantial pro-
portion of the studies were found to have methodological problems;
however, there were no serious flaws that could have invalidated the
results.

We considered the authors” definition of seroresponse to compare
the two arms. It is plausible that the definitions used by the various
authors and the time at which post intervention serostatus was
assessed may have had an impact on the determination of the primary
outcome. However, since we only had access to published data and
the fact that the studies were spread over a relatively long period of
time, the approach least prone to bias was to consider the authors’
definition of seroconversion. Over a period of time, there has been
variability in terms of equipment, which could have also influenced
the measurement of seroresponse.

A majority of the chosen studies employed the aerosol route,
whereby we did not have enough data to evaluate the effectiveness of
other techniques of administration of vaccine through the respiratory
route. Moreover, the dose of vaccine administered was different in
each study, and in some cases, even varied between two arms of the

Human Vaccines 35



Meta-Analysis: Measles Vaccine Administration

same study. The difference in dosage could have influenced the 21. Sepulv.eda-zi\mor J, Valdespino-Gomez JL, Gfircia—(%arcia ML, Ben‘nett 1, Islas-Romero‘ R,
results. We did not include unpublished dara and studies pubhshed Echamz—A;zlhcs C_,, d§ Ca;stro JE. A randomized trial demonstrating succesAsful Aboostmg
responses following simultaneous aerosols of measles and rubella (MR) vaccines in school
in other languages and we found evidence of publication bias in our age children. Vaccine 2002; 20:2790-5.
results. 22. Bennett JV, Fernandez De CJ, Valdespino-Gomez JL, Garcia-Garcia ML, Islas-Romero R,
Echaniz-Aviles G, Jimenez-Corona A, Sepulveda-Amor J. Aerosolized measles and
measles-rubella vaccines induce better measles antibody booster responses than injected
CONCI_USION vaccines: Randomized trials in mexican schoolchildren. Bull World Health Organ 2002;
80:806-12.
The results of our analysis concur with the views expressed in the 23. Dilraj A, Cutts FT, de Castro JE Wheeler JG, Brown D, Roth C, Coovadia HM, Bennett
pl‘CViOllSly pubhshed reviews 5,6 and pl‘OVidC 2 quantitative evidence JV. Response to different measles vaccine strains given by acrosol and subcutaneous routes
X ’ X to schoolchildren: A randomised trial. Lancet 2000; 355:798-803.
to support the ongoing efforts Of the Measles Aerosol Pro; ect, an 24. Saidi S, Naficy K. Subcutaneous and intranasal administration of RA 27-3 rubella vaccine.
initiative for Vaccine Research (IVR/BAC) of the World Health Alone and in conjunction with live attenuated measles vaccine. Am ] Dis Child 1969;
Organization. The possible use of the respiratory route for the 118:209-12. 4 o , , o
.. . . . . 25. Sabin AB. Measles, killer of millions in developing countries: Strategy for rapid elimination
administration of the available measles vaccine, particularly through and continuing control. Eur ] Epidemiol 1991; 7:1-22.
the aerosol tCChﬂiqUC, has a IOt Of global pubhc health implications. 26. Black FL, Sheridan SR. Studies on an attenuated measlesvirus vaccine. IV. Administration
With significant advantages of administration of vaccine through the of vaccine by several routes. N Engl ] Med 1960; 263:165-9.
. . . . 27. Sabin AB, Flores AA, Fernandez De CJ, Albrecht B, Sever JL, Shekarchi I. Successful immu-
aerosol route, there is tremendous potential for this technique to . . : X i . .
R N . i nization of infants with and without maternal antibody by aerosolized measles vaccine. II.
boost the ongoing measles control and elimination efforts worldwide; Vaccine comparisons and evidence for multiple antibody response. JAMA 1984;
especially in resource poor countries. It is critical at this stage to 251:2363-71.
encourage research to standardize this technique in terms of vaccine 28. Yfl;:ie Lfﬂijf;g;“??gfs Failure of measles vaccine sprayed into the oropharynx of
dOSS.gCS, vaccine dehvery, safetY’ and efﬁcacy. 29. Whittle HC, Rowland MG, Mann GE, Lamb WH, Lewis RA. Immunisation of 4-6 month
old Gambian infants with Edmonston-Zagreb measles vaccine. Lancet 1984; 2:834-7.
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