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Assessment of Vaccine Herd Protection: Lessons learned from vaccine trials

Part Il

This is the third article of a series of 3 articles
on the “Assessment of Vaccine Herd Protec-
tion: Lessons learned from vaccine trials”.

Individually Randomized Controlled Trials

Individually Randomized Controlled Trials
(IRCT) were primarily utilized for measuring
direct vaccine protection of vaccine recipients.
The Vaccine Protective Efficacy (PE) calculat-
ed in IRCTs, measures the direct protective
benefit of vaccination to an individual in isola-
tion from other persons in the same population.
To reiterate, the IRCT aims to estimate vaccine
protection independent of vaccine herd effects.
However, if suitable geographic clusters can be
identified with sufficient variation in vaccine
coverage between these clusters, vaccine herd
effects can be estimated by evaluation of the
correlation of disease incidence with levels of
vaccine coverage in these clusters. These clus-
ters are usually defined by Geographic Infor-
mation Systems (GIS), and level of vaccine
coverage in surrounding clusters.

A reanalysis of a placebo controlled, IRCT of
the inactivated cholera vaccine in Matlab,
Bangladesh'® was carried out in 2005. Ad-

vantage was taken of the differing levels of
vaccine coverage of geographically defined
groups of individuals that could have occurred
due to the randomization process or different
participation rates. The geographic unit of anal-
ysis was noted as the ‘bari’ — which is a patri-
lineal linked cluster of households (grouped by
descent through the male line or relationship
with the father), due to the assumption that
most cholera transmission tends to occur within
rather than between ‘baris’. Incidence rates of
cholera among placebo recipients was inversely
related to levels of vaccine coverage in &
around the ‘baris’ (7 cases per 1000 in lowest
quintile of coverage vs 1.5 cases per 1000 in
the highest quintile; P<0.0001), thus displaying
the IVP that the oral cholera vaccine induced
among nonvaccinees. Using information from
the same trial, a dynamic population-based
model of cholera transmission was developed
and showed that if roughly half of the popula-
tion were vaccinated, the number of cholera
cases would considerably reduce among unvac-
cinated people by 89% and among the entire
population by 93%."!

Target population (%) Vaccine group Placebo group
n Cases Risk per n Cases Risk per
1000* 10007
<28% 24954 (20-6%) 5627 15 2:66 2852 20 7-01
28-35% 25059 (20-7%) 8883 22 2:47 4429 26 5-87
36-40% 24583 (20-3%) 10772 17 1.57 5503 26 472
41-50% 24159 (19-9%) 11513 26 2:25 5801 27 4-65
>50% 22394 (18:5%) 12541 16 1.27 6082 9 147
Total 121149 (100%) 49336 96 1.94 24667 108 437

Adapted from reference 44. *p=0-05 for trend and tp<0-0001 for trend in adjusted analyses.

Table 2: Cholera risk by the level of cholera vaccine coverage of baris, Matlab, Bangladesh 1985-86
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Non-Randomized (Observational) Studies

In such studies, as there is no comparator group receiving a
control agent or placebo, comparisons are made between the
vaccinated and unvaccinated individuals in the community
itself. The geographic area where the vaccine is administered
is divided into clusters with a mixture of vaccinated and un-
vaccinated persons. [VP is estimated through comparisons of
the disease incidence in nonvaccinated individuals in each
geographic cluster, by level of vaccine coverage.

Following a mass oral cholera vaccination campaign in Zanzi-
bar'?, the incidence of acute watery diarrhea that was laborato-
ry confirmed as cholera over course of 14 months was as-
sessed in both vaccine recipients and nonvaccinees. The sub-
sequent lower risk of cholera in nonvaccinated individuals
residing in areas with low vaccine coverage was considered as
IVP. There was a statistically significant difference
(P<0.0001) in the lowest quintile of coverage (2.29 cases per
1000) versus the highest quintile (0.87 cases per 1000). Fur-
ther, the absence of vaccine protection against non-cholera
diarrhea inferred that the vaccine effectiveness found against
cholera could not be explained by bias.

Conclusion

Vaccine herd protection could be critical to the ability of the
vaccine to control a disease under realistic public health con-
ditions. Studies on vaccine herd protection are now often re-
quired to inform in policy decisions about vaccine introduc-
tion including in assessments of the cost effectiveness of vac-
cines. Herd protection by vaccines has conventionally been
assessed through observations of disease trends after the vac-
cine is included in the national immunization programme.
Potential suitability of newer study designs such as CRCTs
and IRCTs for measurement of vaccine herd protection offers
the opportunity to assess this type of protection even before
the \;accine is licensed and with a greater protection against
bias.

CRCTs are a relatively straightforward method to assess vac-
cine herd protection with unbiased measurements of IVP,
TVP & OVP. Similarly, methodological advances such as
usage of mapping techniques has allowed vaccine herd protec-
tion to be assessed in IRCTs and nonrandomized trials as
well. These approaches also allow the estimation of dose-
response relations between vaccine coverage levels and mag-
nitude of these effects.’

However, it needs to be noted that several limitations exist for
the above approaches. Herd protective effects for a particular
vaccine could vary between populations dependent on levels
and patterns of vaccine coverage, differences in host immune
responses to the vaccine & differences in transmission patterns
of the target disease.” Thus, demonstration of vaccine herd
protection prior to vaccine licensing would only indicate the
potential for the vaccine to induce herd protection and does
not guarantee that the vaccine will confer herd protection
when it is used in the community. The same holds true con-
versely as well. Absence of herd protective effects in pre-
licensing trials does not exclude the possibility of a vaccine to
confer herd protection.

30th— 06t Oct 2023

Moreover, pre-licensure assessments of vaccine herd protec-
tion should not be seen as a suitable replacement for post-
licensure assessment as only the latter studies can provide a
widely comprehensive picture of a vaccine’s herd protective
effects. Nevertheless, the ability of randomized trials to yield
important information about vaccine herd protective effects
and possibility of having these assessments during vaccine
development and implementation gives support to greater use
of these approaches as complimentary to conventional pre-
licensure individually randomized trials.

Prepared by:
Dr Dhivya A Nathaniel

Registrar in MD Community Medicine
Epidemiology Unit
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Table 2: Vaccine-Preventable Diseases & AFP 23rd-29th Sep 2023 (39t Week)
- taven T tagea O Tosl g Difference
o No. of Cases by Province during during number of ber of cases between the
isease cases to . number of
curren?t same. date in to date in cases to date
;":2‘*3" L ;":2‘*2" i 9023 AL in 2023 & 2022
AFP* 00 00 00 00 00 00 00 00 00 00 03 72 60 35.8 %
Diphtheria 00 00 00 00 00 00 00 00 00 00 00 00 00 0 %
Mumps 00 02 00 O0L 00 00 00 00 O1 04 01 184 69 166.6 %
Measles 22 03 04 04 00 0L 03 00 00 37 00 530 17 3017.6 %
Rubella 00 01 00 00 00 00 00 00 00 01 00 06 00 0%
CRS* 00 00 00 00 00 00 00 00 OO0 00 00 02 00 0%
Tetanus 00 00 00 00 00 00 00 00 00 00 00 06 05 100 %
Neonatal Tetanus 00 00 00 00 00 00 00 00 0O 00 00 00 00 0 %
;ﬁ{i’:nese Enceph- o9 00 00 00 00 00 00 00 00 00 00 02 01 100 %
WhoopingCough 00 00 00 00 00 00 00 00 00 00 00 07 01 600 %
Tuberculosis 101 10 18 04 04 00 03 07 04 151 94 6948 5100 36.2%

Key to Table 1 & 2

Provinces: W: Western, C: Central, S: Southern, N: North, E: East, NC: North Central, NW: North Western, U: Uva, Sab: Sabaragamuwa.

RDHS Divisions: CB: Colombo, GM: Gampaha, KL: Kalutara, KD: Kandy, ML: Matale, NE: Nuwara Eliya, GL: Galle, HB: Hambantota, MT: Matara, JF: Jaffna,
KN: Killinochchi, MN: Mannar, VA: Vavuniya, MU: Mullaitivu, BT: Batticaloa, AM: Ampara, TR: Trincomalee, KM: Kalmunai, KR: Kurunegala, PU: Puttalam,
AP: Anuradhapura, PO: Polonnaruwa, BD: Badulla, MO: Moneragala, RP: Ratnapura, KG: Kegalle.

Data Sources:

Weekly Return of Communicable Diseases: Diphtheria, Measles, Tetanus, Neonatal Tetanus, Whooping Cough, Chickenpox, Meningitis, Mumps., Rubella, CRS,

Special Surveillance: AFP* (Acute Flaccid Paralysis ), Japanese Encephalitis

CRS** =Congenital Rubella Syndrome

NA = Not Available

Take prophylaxis medications for leptospirosis during the paddy cultiva-
tion and harvesting seasons.

It is provided free by the MOH office / Public Health Inspectors.

Comments and contributions for publication in the WER Sri Lanka are welcome. However, the editor reserves the right to accept or reject
items for publication. All correspondence should be mailed to The Editor, WER Sri Lanka, Epidemiological Unit, P.O. Box 1567, Colombo or
sent by E-mail to chepid@sltnet.lk. Prior approval should be obtained from the Epidemiology Unit before pub-
lishing data in this publication
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