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Epidemiological evidence for herd immunity
induced by acellular pertussis vaccines

In a series of elegant experiments on
baboons, Warfel et al. conclude that acel-
lular pertussis vaccines (aP) prevent disease
but fail to protect against transmissible
infection (1). The authors speculate that
this fact may explain the resurgence of per-
tussis in some countries (2). Although the
animal model of Warfel et al. is a true
breakthrough, we question the soundness
of their extrapolation to transmission in hu-
man populations. Indeed, much available
epidemiological evidence argues against it.

The precise nature of vaccine-induced
protection is both controversial and conse-
quential. Vaccines that protect against trans-
missible infection protect those vaccinated
directly, but also protect the unvaccinated
who benefit from decreased infection risk: so-
called herd immunity. In contrast, vaccines
that protect against disease but not trans-
mission benefit only the vaccinated. Although
experimental evidence on the transmission
impacts of pertussis vaccination is lacking,
available incidence data provide evidence for
vaccine-induced herd immunity.

For example, Rohani et al. demonstrated
an increase in the interepidemic period and
in the number and duration of epidemic fade-
outs after the initiation of whole-cell vaccina-
tion in England and Wales, an indication
of reduced transmission and strong herd
immunity (ref. 2 and references therein).
Broutin et al., using aggregated incidence
data from multiple countries, demonstrated
a 1.3-y increase in the interepidemic period
following the inception of vaccination pro-
grams (3). These studies, and others, afford
strong evidence that whole-cell vaccination
reduces not only disease, but also transmission.

www.pnas.org/cgi/doi/10.1073/pnas.1323795111

Similar epidemiological evidence exists for
aP. In Sweden, following a 17-y hiatus in
vaccination, the 1996 introduction of aP
prompted a 10-fold drop in the number of
reported cases. The drop was pronounced
in infants too young to be vaccinated (Fig.
1A), itself a clear indication of herd immu-
nity. Moreover, Rohani et al. were able to
show that careful accounting for age dif-
ferences in contact rates was sufficient to
explain the full pattern of age-specific in-
cidence, under the assumption that vacci-
nation blocks both infection and trans-
mission (4).

We modified the model of Rohani et al.
(4) to examine the empirical findings of
Warfel et al. (1): We assumed aP prevents
disease, with variable effects on transmis-
sion. Our results are unambiguous: a model
with no vaccine effect on transmission can-
not reproduce the observed epidemiologi-
cal patterns after vaccination (Fig. 1B). In
particular, the model predicts a decline in
young-infant cases if—and only if—aP
blocks transmission.

The baboon model pioneered by Warfel
et al. (1) is without question a game-changer,
shedding light on the impact of vaccination
on disease and infection. However, the view it
affords is clearer with respect to immunity
and pathology than with respect to transmis-
sion. We point out that the extrapolation of
the possibility of transmission from vacci-
nated baboons in the laboratory to the
probability of transmission from vaccinated
humans in the population is unwarranted.
More work is needed to elucidate the rela-
tive transmissibility of infections in vacci-
nated vs. unvaccinated hosts. The evidence

adduced above suggests, however, that
vaccination with aP must have a strong ef-
fect on transmission as well as disease.

ACKNOWLEDGMENTS. The authors were supported by
National Institutes of Health Grant ROTAI101155.

Matthieu Domenech de Celles™"’,

Maria A. Riolo™, Felicia M. G.
Magpantay®®, Pejman Rohani®"*,

and Aaron A. King”"**

“Department of Ecology and Evolutionary
Biology, “Department of Mathematics, and
YCenter for the Study of Complex Systems,
University of Michigan, Ann Arbor, MI 48109;
and “Fogarty International Center, National

Institutes of Health, Bethesda, MD 20892

1 Warfel JM, Zimmerman LI, Merkel TJ (2014) Acellular pertussis
vaccines protect against disease but fail to prevent infection and
transmission in a nonhuman primate model. Proc Natl Acad Sci USA
111(2):787-792.

2 Jackson DW, Rohani P (2013) Perplexities of pertussis: Recent
global epidemiological trends and their potential causes. Epidemiol
Infect 16:1-13.

3 Broutin H, Viboud C, Grenfell BT, Miller MA, Rohani P (2010)
Impact of vaccination and birth rate on the epidemiology of pertussis:
A comparative study in 64 countries. Proc Biol Sci 277(1698):
3239-3245.

4 Rohani P, Zhong X, King AA (2010) Contact network structure
explains the changing epidemiology of pertussis. Science 330(6006):
982-985.

5 Riolo MA, King AA, Rohani P (2013) Can vaccine legacy explain
the British pertussis resurgence? Vaccine 31(49):5903-5908.

Author contributions: M.D.d.C., M.AR., FM.G.M., PR., and A.AK.
designed research, performed research, analyzed data, and wrote
the paper.

The authors declare no conflict of interest.

"To whom correspondence should be addressed. E-mail:
matthied@umich.edu.

PNAS Early Edition | 1of2



mailto:matthied@umich.edu
http://crossmark.crossref.org/dialog/?doi=10.1073/pnas.1323795111&domain=pdf&date_stamp=2014-02-08
www.pnas.org/cgi/doi/10.1073/pnas.1323795111

Sweden data

2000

1000  ,

500

L T
>
‘.

z

(\

T 1986-1996

—— 2001-2011
Incidence reduction in infants: 85%

Model outputs

Reported cases / 100,000 people

1000 7

500

- - 1986-1996

2001-2011, aP 0% sterilizing: 0% (0.36)
—— 2001-2011, aP 50% sterilizing: 51% (0.30)
—— 2001-2011, aP 100% sterilizing: 93% (0.073) |

10 15 20
Age (years)

Fig. 1. Observed (A) and simulated (B) pertussis case reports in Sweden, before (years 1986-1996, dashed blue lines) and after (years 2001-2011, continuous red lines) inception
of vaccination with acellular vaccines. In both panels, the y axis is square root-transformed. In B, the red lines correspond to different assumptions on the acellular vaccine’s efficacy
to reduce transmission (0%, 50%, or 100% efficacious); the numbers in the caption give the mean (SE) predicted percent incidence reduction in infants <1y old from 20 model
runs. The model used was adapted from Riolo et al. (5), with Sweden-specific parameters used in Rohani et al. (4). Briefly, this was an age-stratified stochastic compartmental
model of pertussis dynamics, assuming no primary vaccine failure and lifelong immunity following vaccination and natural infection. Vaccine uptake data were fixed as described in

the supplementary material of ref. 4.

N
= 3
1=y

o S] © o
o T
-
-~
-~
-
»
v
' 4

2 of 2 | www.pnas.org/cgi/doi/10.1073/pnas.1323795111

Domenech de Cellés et al.



www.pnas.org/cgi/doi/10.1073/pnas.1323795111

