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Live attenuated herpesvirus vaccines are
widely used in human and veterinary med-
icine. The risk of vaccines recombining to

generate virulent natural recombinants has been
raised, but disease outbreaks caused by herpes-
virus vaccine recombination have never been
reported (1).

The herpesvirus infectious laryngotracheitis
virus (ILTVor gallid herpesvirus 1) causes mild
to severe respiratory disease in poultry world-
wide. Economic losses result from mortality and
decreased egg production. Attenuated ILTV vac-
cines are used widely (2). Concurrent with the
introduction of a new vaccine, novel, genotyp-
ically distinct viruses (referred as class 8 and 9
viruses) were isolated from geographically dis-
tinct Australian regions starting in 2008 (3). These
virulent strains have been associated with out-
breaks causing mortality rates of up to 17.6%
(4). In Australia, three ILTV vaccines are avail-
able. The closely related Australian-origin vaccines
SA2 and A20 (Pfizer, Australia) are classified
genotypically as class 1 viruses on the basis of pat-
terns seen in polymerase chain reaction–restriction
fragment length polymorphism (RFLP) analysis
(5). The European-origin Serva vaccine strain
(Intervet) was first registered in Australia in 2006
and has a class 7 genotype (3). The SA2 and A20
genomes are divergent from the Serva genome,
having only 99.2% nucleotide sequence iden-
tity with it (6). The contemporaneous introduc-
tion of the Serva vaccine and emergence of new

classes of virulent ILTV (classes 8 and 9), to-
gether with genetic relatedness of viruses caus-
ing recent isolates, led to the hypothesis that the
class 8 and 9 viruses may represent subpop-
ulations of viruses within the Serva vaccine or
may have arisen after in vivo passages of the
Serva vaccine (3).

We performed whole-genome sequencing
and comparative sequence analysis of the class
8 and 9 viruses and the three vaccine strains. In
genome alignments, much of the class 8 and 9
sequences were almost identical to Serva. Single-
nucleotide polymorphisms (SNPs) were clustered
in distinct genomic regions unique to each class.
The sequence in these regions was identical (class
8) or almost identical (class 9) to the sequences
of SA2 and A20 (Fig. 1A). These results are
consistent with interspecies recombination be-
tween the co-circulating Australian-origin and
European-origin vaccines giving rise to virulent
class 8 and 9 field strains.

To confirm the likelihood of recombination,
we compared the sequences of the class 8 and
9 viruses to those of Serva, SA2, and A20 by
using Simplot. Two points of crossover were de-
tected for each virus (Fig. 1, B and C). These
corresponded to the recombination regions iden-
tified in genome alignments.

To determine whether other class 8 and 9
isolates had the same recombinant genomes as
the two fully sequenced isolates, we performed
in silico restriction fragment length polymor-

phism (RFLP) analysis with the genomes of the
sequenced class 8 and 9 viruses. We also per-
formed specific PCRs to amplify the recombina-
tion crossover points of additional class 8 and
9 isolates from different disease outbreaks. The in
silico RFLP patterns were consistent with in vitro
RFLP analyses of other class 8 and 9 viruses
submitted to our diagnostic laboratory. The PCRs
revealed that the same recombinant genomes
were present in other isolates (figs. S1 and S2).

Lastly, the pathogenicity of class 8 and 9 vi-
ruses was studied in specific-pathogen-free chickens.
Each recombinant had a distinct in vivo pheno-
type. After correcting for multiple hypothesis test-
ing, both recombinants had significantly increased
virulence or replication compared with their par-
ent strains (fig. S3).

The rapid emergence of two virulent recom-
binants suggests that recombination between
attenuated herpesvirus vaccines and resultant
restoration of virulence may be rare but can bring
about a fitness advantage, with severe conse-
quences. The findings from this study raise con-
cerns about the use of multiple distinct attenuated
herpesvirus vaccines under conditions that favor
recombination. These findings have implications
for the use of herpesviruses, and possibly other
DNA viruses, as attenuated vaccines or vaccine
vectors.
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Fig. 1. Whole-genome alignments and similarity plots. (A) Alignment of the class 8 (CL8), class 9 (CL9),
SA2, and A20 genome sequences with the Serva genome sequence. Vertical black lines indicate single-
nucleotide differences from the Serva sequence. Dashes indicate single-base gaps. (B and C) Similarity
plots of the sequences of the CL8 (B) and CL9 (C) genomes with those of Serva, A20, and SA2. The
results indicate that the class 9 virus was derived from A20 and Serva. One parent of the class 8 virus
could not be defined because the recombinant region was identical to both SA2 and A20. All recom-
binations were significant (P < 10−3, maximum c2 test).
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