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Letter to the Editor
What Are the Risks—Hypothetical and Observed—of Recombination Involving

Live Vaccines and Vaccine Vectors Based on Nonsegmented Negative-Strain
RNA Viruses?

Newcastle disease virus (NDV) is a nonsegmented negative-
strand RNA virus (NNSV) that is being developed as a poten-
tial vaccine vector for use in poultry (7, 12, 17) and humans (5,
6). The primary proposed human use would be to express
protective antigens of highly pathogenic agents for outbreak
control. We noted (1) that one of the advantages of NDV is
that “gene exchange seems to be rare for nonsegmented neg-
ative strand RNA viruses, with few reported instances. This
differs to the frequent gene reassortment observed for seg-
mented viruses, such as influenza virus and rotavirus, and the
high frequency of recombination observed for certain viruses,
such as coronavirus and poliovirus.” In a recent letter to the
editor (9), Han et al. criticized our studies, suggesting that we
(i) dismissed the possibility of recombination, (ii) failed to
recognize the potentially adverse consequences of recombina-
tion, and (iii) did not experimentally address the potential for
the instability of the inserted foreign gene.

There indeed is evidence consistent with NNSV recombina-
tion yielding mosaic virus, but it seems to be much less fre-
quent than for the recombinogenic viruses noted above (4).
There have been many attempts to demonstrate genetic ex-
change between NNSVs in vitro, with only a single reported
clear example of a resulting mosaic virus (13, 16). There also is
indirect evidence consistent with NNSV recombination in na-
ture, based on the occasional discovery of a virus with sequence
discontinuity suggestive of a recombination breakpoint (4, 10,
11, 14, 15, 18, 20). This discovery has involved closely related
viruses, has not been reported to involve NNSVs with substan-
tial sequence differences, and seems to be an infrequent event
compared to its occurrence in the other viruses noted above.

History provides an extensive safety record supporting the
view that NNSV genetic exchange is not an important practical
concern for vaccinology. A variety of live, attenuated NNSV
vaccines are in veterinary, agriculture, and human use, such as
NDV in poultry and mumps and measles viruses in humans.
Indeed, the mumps and measles vaccines often are adminis-
tered in combination, as are certain veterinary NNSV vaccines.
We agree that recombination may sometimes occur between a
vaccine virus and its circulating wild-type counterpart. There is
suggestive evidence that this has occurred between the NDV
vaccine virus and a circulating NDV strain (8), although we
know of no similar evidence for mumps or measles virus. Re-
combination yields a virus with a mosaic genome containing
sections from the parents. This virus likely would exhibit a
virulence phenotype resembling one parent or the other or
something in between. It thus does not create a hazard exceed-
ing that of the circulating wild-type virus already present. This
is supported by the history of vaccine use: despite long-stand-
ing worldwide use of a number of live NNSV vaccines, there
have been no reported adverse events attributable to genetic
exchange involving an NNSV vaccine. There have been no
reports of untoward vaccine-related NNSVs emerging with
novel clinical or environmental footprints. Whatever low risk is
posed by NNSV genetic exchange, that risk already exists in
nature and was not created by the use of live vaccines. Indeed,

the restricted infectivity and restricted replication characteris-
tic of an attenuated vaccine strain limit its opportunity to
participate in the dual infections necessary for genetic ex-
change. In addition, the herd immunity induced by an effective
vaccine reduces the circulating virus, thereby reducing the op-
portunity for recombination (15). We believe that these con-
siderations indicate that genetic exchange does not pose a
realistic safety concern for the use of live NNSV-based vac-
cines.

Regarding the specific use of NDV as a vaccine vector in
humans, the possibility of recombination is even more remote,
and its implications are no more dire. Natural infection of
humans with NDV is not common, and NDV is highly re-
stricted for replication in primates (1, 2). This reduced infec-
tivity and reduced replication greatly reduces the opportunity
for genetic exchange. Furthermore, even if a recombinant virus
is generated, it would remain highly restricted for replication
and spread, since both parents, in this case, the NDV vector
and a naturally circulating NDV strain, are restricted to hu-
mans. Any recombinant virus would also be subject to neutral-
ization by the burgeoning host immune response. In addition,
NDV has only a low level of sequence relatedness with poten-
tial circulating human NNSVs; as already noted, recombina-
tion between dissimilar NNSVs has not been reported and
presumably is rare indeed. We note that expressed foreign
proteins in NNSVs do not appear to enhance the virulence of
the vector or shift its tropism but rather seem to be moderately
attenuating (3, 19). Obviously, one must confirm this for each
vector/insert combination, using both avian and mammalian
experimental species. However, if the foreign inserted gene is
indeed silent with regard to virulence, its effect in any recom-
binants would be neutral or attenuating. Finally, regarding
concern about the potential instability of the inserted foreign
gene, a number of studies have indicated that inserts borne by
NNSVs are surprisingly stable (3). The inserts have been
shown to gradually accumulate point mutations that may inac-
tivate the expression of the protein but do not introduce safety
concerns. In any event, sequence integrity would be monitored
during vaccine production and use in humans.

Situations can be envisioned where potential genetic ex-
change between certain live vaccines and circulating viruses
might be of concern. For example, the use of a live influenza
virus vaccine bearing one or more gene segments from a highly
pathogenic strain of avian influenza virus has the potential to
introduce these genes into other circulating human viruses by
reassortment. The use of an attenuated version of the severe
acute respiratory syndrome coronavirus as a vaccine might
result in recombination with circulating animal or human coro-
naviruses to create novel mosaic viruses. In contrast, with an
NDV vector, the foreign gene is locked in the NDV nucleo-
capsid and is replicated and expressed by the NDV polymer-
ase. Thus, an inserted avian influenza virus or coronavirus gene
in an NDV vector is not situated to participate in influenza
virus-mediated reassortment or coronavirus-mediated recom-
bination. This is an important safety advantage.
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Vaccines represent one of the great successes of science,
have saved countless lives, and have removed one terrible
pathogen from circulation and brought others under control.
Paradoxically, there is considerable public resistance to vac-
cines despite their successes and despite the possibility of wider
outbreaks of human infections with avian influenza virus and
other emerging viruses as well as the potential for bioterror-
ism. It is imperative to not make the situation worse with vague
and unsubstantiated calls of alarm. Genetic instability and ge-
netic exchange are inescapable attributes of viruses, but as
argued above, they did not begin with live vaccines and do not
necessarily compromise vaccine safety. At this time, there is no
realistic basis for suggesting that recombination by NDV is a
significant safety problem either for its present use as a live
vaccine or for its potential use as a vaccine vector.

Our research was supported by the NIAID/NIH Intramural pro-
gram.
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Ed. Note: There is no reply to this letter.
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