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Vaccine Safety Surveillance
Detecting possible signals of the adverse effects
of marketed vaccines is often done through com-
puting disproportionalities (e.g. RR, PRR, ROR,
MGPS, BCPNN, LRT, etc.) These methods aim
to identify the vaccines/AEs that have a high re-
porting rate for a particular AE/vaccine. The
LR-LRT method adjusts to potential confounders
and effect modifiers, such as age, gender, and
concomitant vaccines by taking advantage of the
covariate-simplicity in vaccines especially for 6-24
month-old infants.

Selecting Stratum Group

•Assume there are C covariates each having gc cat-
egories, c = 1, . . . , C; the total number of strata is
S = ∏

c gc. We reduce the S strata intoG grouped-
strata so that each group has approximately the
same relative risk (RR).

•Seclecting Age Groups To select the age
groups, considerK cut-points (θ1, . . . , θK) and the
associated strata {S1(θ) = {ak : ak ≤ θ1}, . . .,
SK+1(θ) = {ak : θK < ak}}, where {a1, . . . , aT}
are the age values, and θi = ak for some k, and
that a1 ≤ θ1 < θ2 < . . . , θK < aT .

•Let (R̂c,1(θ), . . . , R̂c,nc(θ)) be the estimated rel-
ative risk for those in strata Sc(θ). Assuming
R̂c,i ∼ N(µc, σ2) and setting µc = µ̂c = R̄c gives
the log-likelihood

l(R̂1, . . . , R̂K+1|θ, µ̂, σ2) =
K+1∑
c=1

nc∑
i=1

log(p(R̂i,c, µ̂c, σ
2))

= −1
2
(K + 1)nc log(2πσ2)− 1

2σ2

K+1∑
c=1

nc∑
i=1

(R̂i,c − R̄c)2.

•Maximizing the log-likelihood is equivalent to min-
imizing the total within sum of squares:

WSSS(θ) =
K+1∑
c=1

nc∑
i=1

(R̂c,i(θ)− R̄c(θ))2. (1)

•We choose the value of θ̂ which minimizes
WSSS(θ) and then define the age strata using
(S1(θ̂), . . . , SK+1(θ̂)).

Fitting the Logistic Regression

•Let Yi,k ∈ {0, 1} be an indicator of the ith AE in
report k and let Xj,k ∈ {0, 1} be an indicator of
the jth vaccine in report k, and also let g(k) be the
strata-group associated with report k.

•For vaccine j, the assumed probability that report
k contains event i is,

pi,k = P
(
β0g(k) +

∑
j
Xj,kβj

)
, (2)

where P is the logistic probability function, β0g(k)

is the intercept term for reports in the gth strata
group, and βj is the coefficient for drug j.

•We estimate the parameters ({β0g(k)}Kk=1, {βj}Jj=1)
by logistic regression. This assumes Yi,k ∼
Bernoulli(pi,k) and that

log
(

pi,k
1− pi,k

)
= β0g(k) +

∑
j
Xj,kβj. (3)

•With logistic regression, the log-likelihood is
l =

∑
k

[Yi,k log(pi,k) + (1− Yi,k) log(1− pi,k)]. (4)
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Figure 1: This age-stratification seems to capture important
trends in the relative risk over time.

Computing Expected Counts Eij

•We define the expected count Eij for the ith AE
and jth vaccine to be
Eij =

∑
k

(
Xj,kP (β0g(k) + (

∑
j
Xj,kβj)− βj)

)
. (5)

Table: Contingency table for the ith event and jth vaccine
Vaccine All other Vaccine

AE nij n.j − nij
All other AE ni. − nij n..− ni. − (n.j − nij)

Employing the LRT Using Eij

•Consider testing H0 : pj = qj for all vaccines, ver-
sus, Ha : pj 6= qj for at least one vaccine. The
MLEs of pij and qij are

p̂ij = nij
ni.

and q̂ij = n.j − nij
n.. − ni.

. (6)

With Eij from (5), the maximum likelihood ratio
for a fixed AE i is,

MLR = max
j

nij
Eij

nij n.j − nij
n.j − Eij

n.j−nij . (7)

•Hypothesis Testing The distribution of the
MLR under H0 is obtained by Monte Carlo simu-
lation. We compute p-values by simulating {nij}
for each AE under H0. The simulations use:
nij|ni. ∼ Poisson(ni.p0), i ∈ {1, . . . , I}. (8)

(n1j, . . . , nIj)|n.j;n1., . . . , nI.

∼ multinomial
n.j,

n1.

n..
, . . . ,

nI.
n..

 . (9)

Table: Vaccines detected for the febrile convulsion (AE) signal in the VAERS data with cases reported to FDA CBER during 2005
- 2010. n.j is the vaccine marginal total. RR is the relative reporting rate for PRR. Only vaccines with nij > 25 and p-values less
than 0.05 (with LR-LRT) are presented. Both LR-LRT and LRT used same statum groups.

Vaccine n.j nij RR rate LLR(p-value) LR-LLR(p-value)
INFLUENZA(FLUZONE) 7096 183 1.45 10.54 (0.0002) 27.6 (0.0001)
HIB(ACTHIB) 7907 156 1.09 2.19 (0.7368) 11.0 (0.0001)
INFLUENZA(NO BRAND NAME) 1472 40 1.48 2.67 (0.4915) 6.76 (0.0057)
HIB(HIBERIX) 1249 35 1.45 1.77 (0.8909) 6.17 (0.0113)
HEP B(ENGERIX-B) 1115 27 1.27 1.71 (0.9073) 4.82 (0.0444)
MEASLES+MUMPS+RUBELLA II 12952 257 1.15 0.00 (1.0000) 4.79 (0.0454)

Harnessing Graphics
Volcano Plot First described in Jin et al.
(2001). These plots look for large, significant dif-
ferences that occur towards upper corners. The
bubble sizes represent the vaccine frequency.
Risk Difference Plot The left panel of Fig-
ure 3 shows the relation between the proportion
of vaccines having Febrile Convulsion versus the
other AEs. The right panel shows the associ-
ated risk differences and confidence intervals. The
RDs are ordered so that vaccines of highest risk
in Febrile Convulsion are plotted first.
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Figure 2: Bubble plots show -log(p-value) vs. RR for both
LRT and LR-LRT. Only the significant vaccines reported for
Febrile Convulsion are shown.
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Figure 3: A risk difference greater than zero indicates that the
risk of Febrile Convulsion when using the vaccine is greater
than the risk of other AEs for all other vaccines.


