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Here we report the biological and molecular characterization of a virulent genotype VII Newcastle disease virus (NDV) circulat-
ing in Venezuela and the assessment of the vaccination efficacy under field conditions compared to controlled rearing condi-
tions. Biological pathotyping showed a mean embryo dead time of 50 h and an intracerebral pathogenicity index of 1.86. Se-
quence-based phylogenetic analysis demonstrated that the virus belongs to genotype VII in class II (a genotype often found in
Asia and Africa), representing the first report of the presence of this genotype in the continent of South America. A vaccine-chal-
lenge trial in commercial broilers reared in fields or in a experimental setting included dual (live/killed) priming of 1-day-old
chicks plus two live NDV and infectious bursal disease virus (IBDV) field vaccinations at days 7 and 17, followed by a very strin-
gent genotype VII NDV challenge at day 28. Serology for NDV and IBDV, bursal integrity, and protection against NDV lethal
challenge were assessed. At 28 days, field vaccinates showed significantly lower NDV (1,356 versus 2,384) and higher IBD (7,295
versus 1,489) enzyme-linked immunosorbent assay (ELISA) antibody titers than the experimentally reared birds. A lower bursal
size and bursa-body weight ratio (P < 0.05) and higher bursa lesion score were also detected in the field set. Only 57.1% of field
vaccinates survived the lethal challenge, differing (P < 0.05) from 90.5% survival in the experimental farm. Overall, results con-
firmed the presence of the genotype VII viruses in South America and suggest that field-associated factors such as immunosup-
pression compromise the efficacy of the vaccination protocols implemented.

Newcastle disease virus (NDV) is one of the most important
infectious agents in veterinary medicine and the causative

agent of Newcastle disease (ND), which affects commercial poul-
try and causes important economical losses (2). The virus belongs
to the family Paramyxoviridae, subfamily Paramyxovirinae, in the
genus Avulavirus (15), which encompasses a diverse group of sin-
gle-stranded, negative-sense, nonsegmented RNA viruses. Due to
variations in virulence and host susceptibility, the symptoms of
NDV infection in domestic species (chicken, turkey, goose, duck,
and pigeon) range from unapparent to severe; infection causes
respiratory, enteric, and nervous system disease, leading to high
mortality rates (2).

Antigenic and genetic diversity within the NDV isolates is rec-
ognized (1). Different genotypes of NDV circulate throughout the
world, albeit they are all members of a unique avian paramyxovi-
rus group 1 (APMV-1) serotype. Since 1926 and based on nucle-
otide sequence, 9 class I NDV and 10 distinct lineages of class II
NDV (I to IX and XI) strains have been identified (6, 11, 17).
Molecular characterization is of paramount importance for the
epidemiology studies required in the development and adaptation
of control strategies (10). Genotypes V, VI, and VII of virulent
viruses are the predominant genotypes circulating worldwide (16,
17); of these, genotype VII is particularly important given that it
has been associated with many of the most recent outbreaks in
Asia, Africa, and the Middle East (10, 11, 12, 28, 29).

Vaccination of commercially reared birds is the best way to
reduce losses resulting from NDV infection (2, 21). NDV vaccine
strains of genotypes I and II are used to control detrimental effects
of subclinical forms of the disease and severe clinical disease dur-
ing outbreaks (2, 23, 27). Additionally, control of risk factors,
including immunosuppressive agents, biosecurity breaks, inade-
quate management practices, and harsh environments, together
with common sense, is required to diminish the economic impact

of this and other poultry diseases (5). The aim of this work was to
fully characterize a novel genotype VII virulent NDV from Vene-
zuela and to evaluate the efficacy of a currently used commercial
vaccination scheme under field and controlled rearing conditions.

MATERIALS AND METHODS
Field virus. A NDV isolate that was negative in hemagglutination inhibi-
tion tests for avian influenza virus and avian adenoviruses (VEN-611) was
obtained from a field outbreak (May 2008) in commercial pullet flocks
experiencing high mortality rates and showing ND clinical signs. Virus
isolation was performed using standard virus isolation procedures and
specific-pathogen-free (SPF) embryonated eggs (3).

Biological pathogenicity assessment. The pathogenic evaluation of
the isolate was carried out using standard assay methods to determine the
intracerebral pathogenicity index (ICPI) in 1-day-old chicks (3). Briefly,
1-day-old chicks were inoculated intracerebrally with 0.1 ml of a 1:10
dilution of infective allantoic fluid. Chicks were monitored during an
8-day observation period and scored as normal (0), sick or paralyzed (1),
and dead (2). Total scores were determined, and the mean daily score was
calculated to obtain the ICPI. Mean death time (MDT) determinations
were performed as previously reported using SPF embryonated chicken
eggs (3).

Vaccine viruses. The NDV vaccine strains used included a Villegas-
Glisson/University of Georgia (VG/GA) strain (AVINEW) for initial
live vaccination, an Ulster strain (GALLIMUNE ND) inactivated in oil
adjuvant for day-old subcutaneous (SC) application, and strain LaSota
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and an intermediate live infectious bursal disease virus (IBDV) strain
(BURSABLEN) for field vaccination. All commercial vaccines were
from Merial Select, Inc., Gainesville, GA, and were applied following
the manufacturer’s instructions.

Viral RNA extraction and amplification. NDV-positive allantoic
fluid was inactivated and transported to the Southeast Poultry Research
Laboratory (Athens, GA) for molecular studies, using Flinders technology
filter paper (FTA cards; Whatman International Ltd., Springfield Mill,
United Kingdom). Fifty microliters of each NDV-positive allantoic fluid
sample was added to the matrix in the card, and RNA extraction was
performed as previously explained (22). Reverse transcriptase PCR (RT-
PCR) amplification of the complete coding region for the F gene was
performed using a Qiagen OneStep RT-PCR kit (Qiagen, Valencia, CA) as
previously described (24).

Sequence analysis. Amplified products were separated on a 1% aga-
rose gel; the bands were excised and eluted using a QIAquick gel extrac-
tion kit (Qiagen Valencia, CA) and then sequenced at the DNA sequenc-
ing facility at Southeast Poultry Research Laboratory in Athens, GA. An

ABI BigDye Terminator version 1.1 sequencing kit (Applied Biosystems,
Foster City, CA) was used, and products were run on an ABI 3730XL DNA
analyzer (Applied Biosystems). Sequences were edited and aligned with
the DNAStar Lasergene 8.0 program (Madison, WI) using the Clustal W
algorithm. Determinations of percentages of amino acid identity for the
Fusion protein were performed by obtaining a comparison of the full
fusion protein of the Venezuelan isolate to those of vaccine and reference
strains. The optimal tree with the sum of branch length � 1.10958014 is
shown (Fig. 1). The percentages of replicate trees in which the associated
taxa clustered together in the bootstrap test (150 replicates) are shown
next to the branches (8). The tree is drawn to scale, with branch lengths in
the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the
maximum composite likelihood method and the Kimura 2-parameter
method (data not shown), and the units represent the number of base
substitutions per site. The rate of variation among sites was modeled with
a gamma distribution (shape parameter � 1). Codon positions included
were the 1st, 2nd, 3rd, and noncoding positions. All positions containing

FIG 1 Complete F gene nucleotide comparison and evolutionary relationship of the Venezuela virus to reference isolates. The evolutionary history was inferred
using the neighbor-joining method as described in Materials and Methods. The numbers used in the phylogenetic trees represent the GenInfo (GI) sequence
identification numbers in GenBank and are followed by a brief description of the viruses. The tree is drawn to scale, with branch lengths presented in the same
units as those used for the evolutionary distances used to infer the phylogenetic tree.
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gaps and missing data were eliminated from the data set (complete dele-
tion option). There were a total of 1,653 positions in the final data set.
Phylogenetic analyses were conducted using MEGA5 software (26).

Vaccine-challenge trial. To evaluate the level of protection conferred
by the NDV vaccination protocol recommended to producers in Venezu-
ela, a vaccine-challenge trial using three groups of commercial broilers
was designed and implemented as follows. At day 1, two (2) groups were
vaccinated by spray with live strain VG/GA followed by subcutaneous
(SC) application of 0.1 ml of the Ulster strain inactivated in oil adjuvant
(G01 and G02). The third group was the unvaccinated control (G03). The
G01 and G03 groups were transported to a controlled environment (ex-
perimental farm) with water and feed provided at libitum. The group G02
birds were wing banded and transferred to a 20,000-bird commercial
chicken house. Birds in groups G01 and G02 were vaccinated against NDV
and IBDV at days 7 and 17 by the use of drinking water following the
manufacturer’s instructions. At 1, 14, 21, and 28 days of age, 10 birds per
group were bled and assessed for ND and IBDV response to vaccination
by the use of an enzyme-linked immunosorbent assay (ELISA), with
FlockCheck Newcastle disease and IBDV antibody tests performed fol-
lowing the instructions of the manufacturer (IDEXX, Westbrook, ME). A
total of 63 commercial boilers (three groups of seven birds per treatment
with three replicates) were used in the challenge. Birds were challenged at
28 days by the intraocular route with 0.1 ml of the local genotype VII
virus-infected allantoic fluid diluted 104 in phosphate-buffered saline
(PBS) to a 50% tissue culture infective dose (CID50)/ml in 0.1 ml. Birds
were observed up to 42 days of age for survival and clinical manifestations.

Bursal integrity assessment. At 14, 21, and 28 days of age, three birds
per group were weighed, euthanatized by cervical dislocation, and sub-
jected to necropsy. The bursae were collected, weighed, and evaluated for
the presence of macroscopic lesions, and a portion of each was fixed im-
mediately by immersion in 10% neutral buffered formalin for 24 h. Tis-
sues were then processed and embedded in paraffin, using routine histo-
logical techniques. The relative bursa/body weight ratio was obtained
using the following formula: relative bursa weight � (bursa weight/body
weight) � 1,000. The extent of bursal histological damage was graded on
a scale from 1 to 4 as previously described (24): briefly, 1 � normal to
10% follicular atrophy; 2 � focal, mild scattered cell depletion up to
10% to 30% follicular atrophy; 3 � multifocal follicular atrophy at
30% to 70%; 4 � diffuse atrophy of �70% of the follicles or any
evidence of acute necrosis.

Statistical analysis. All statistical analysis was performed using Sigma
Stat 3.0 software. Serology data are presented as mean titers. Group means
were analyzed by analysis of variance (ANOVA) with Tukey’s multiple-
comparison test. Significance is reported at the level of P � 0.05.

Nucleotide sequence accession number. The full F protein gene se-
quence has been reported to GenBank (accession number JQ319052).

RESULTS AND DISCUSSION

In this trial, biological pathotyping confirmed that the Venezuelan
virus is velogenic; 50-h MDT and 1.86 ICPI results indicate high
virulence and are similar to previously reported values for Vene-
zuelan NDV from domestic and waterfowl origins (19). Addition-
ally, we previously reported comparable results for virulent NDV
isolates obtained between 1996 and 2006 in Mexico, where the
MDT test results ranged between 39.7 and 61.5 h and the lowest
and highest intracerebral pathogenicity index (ICPI) values were
1.59 and 1.94, respectively (24).

The molecular approach for NDV identification and pathotyp-
ing using reverse transcriptase PCR (RT-PCR) followed by direct
sequencing and analysis of the fusion protein gene cleavage site is
currently used for NDV research and surveillance (1, 7, 10, 16, 17,
18, 25). In this trial, the full F protein gene was sequenced and
reported to GenBank (see above). The full gene sequence was
compared to those of reference strains belonging to genotypes I to

VII of class II. Most of the North and Central American NDV
virulent isolates reported during the last decade belonged to class
II in genotype V (United States, Mexico [cormorants]) or VI
([pigeons]), supporting the idea of a local evolutionary trend with
regional viral dissemination (16, 17, 25). The phylogenetic analy-
sis for the Venezuelan strain shown in Fig. 1 demonstrated that the
isolate belongs to genotype VII in class II, representing the first
report of the presence of this genotype in the continent of South
America. Additional work, including a higher number of archived
and current Venezuelan NDV isolates, is required to assess
whether VII is the sole genotype present in the country or whether
there are other genotypes circulating.

A comparison of the percentages of amino acid identity be-
tween the Venezuelan full F protein and those of reference strains
resulted in similarities of up to 98.6% (1.4% amino acid differ-
ences) with genotype VII viruses, mainly several goose isolates
from China, suggesting a close relationship between the Venezu-
elan isolate and Asian genotype VII isolates. Amino acid differ-
ences of up to 5.8% from a Peru 2008 isolate suggest that those
isolates are more distantly related and not likely part of the same
introduction. As shown in Table 1, the Venezuelan strain F pro-

TABLE 1 Estimates of evolutionary divergence between amino acid
sequences of the full fusion protein of the Venezuelan isolate and those
of commercial vaccines and reference strains of different genotypesa

Strain

% amino acid substitutions0
compared to:

293927 LaSota
vaccine

Venezuela
2008

JN800306 Venezuela 2008 12.4 0.0
148534707 Goose/China/2006 12.7 1.4
146359113 Mallard/China/2006 11.8 1.8
268043733 Goose/China/2008 12.8 1.8
28933797 Goose/China/2007 13.3 1.8
110225441 Goose/NA1/China/2006 12.0 1.9
18042226 ZJ1/Goose/China/2007 13.5 1.9
109290367 Chicken/China/2003 12.1 2.3
109290353 Chicken/China/2002 12.8 2.3
45511225 Chicken/USA/1972 10.1 4.3
217323230 Pigeon (MD)/USA/1984 10.9 5.2
269838473 Pigeon/UK/2007 10.9 5.2
Chicken/Peru/2008 12.6 5.8

258547239 Pigeon (AV324)/Ireland/1996 12.1 6.6
262217133 Chicken/China/QH1/1979 10.4 6.6
53636432 Chicken/Hertz 8.6 6.6
161110504 Chicken (SRZ)/China/2003 7.3 7.0
45511239 Mixed (Largo, MD)/USA/1971 12.4 8.0
253317778 Cormorant/USA/1997 12.9 8.4
61393396 Chicken/Australia/1992 8.5 8.7
33348851 Chicken/China 8.2 8.8
293933 Chicken/Australia/1932 9.2 8.8
7229463 Chicken (QV4)/Australia/1967 7.4 9.0
253317820 Cormorant/USA/1992 12.3 9.3
11527326 B1 vaccine 0.9 12.2
293927 LaSota vaccine 0.0 12.4
a The percentages of amino acid substitutions between sequences are shown. The
numbers used to identify the viruses represent the GenBank GenInfo (GI) sequence
identification numbers. Analyses were conducted using the JTT matrix-based model as
implemented in MEGA5 (26). The rate variation among sites was modeled with a
gamma distribution (shape parameter � 1). All positions containing gaps and missing
data were eliminated. There were a total of 551 positions in the final data set.
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tein was up to 12.4% divergent from that of the LaSota vaccine
strain that belongs to genotype II in class II and is commonly used
in vaccination programs.

Regardless of the genotype differences between NDV strains
circulating worldwide, all NDV isolates belong to the same sero-
type; if given correctly, ND vaccines prepared with any NDV
should protect poultry from clinical disease and mortality in the
event of a virulent challenge (21, 23, 27). Current vaccination
strategies do protect against mortality; however, existing vaccines
have proven to be incapable of completely stopping viral excretion
after infection, leading to high recirculation of the virus in the
environment and to a viral population suitable to mutations and
adaptive changes (17, 18).

In Venezuela, a rigorous vaccination program is applied, in-
cluding several live and killed boosts during a breeder’s life to
provide high maternal antibodies (ELISA titers above 13,000 at 1
day of age) and protect against egg production losses and clinical
disease. Additionally, the offspring receives dual (live/killed)
priming at 1 day of age, followed by two (days 7 and 17) field
revaccinations. Nonetheless, outbreaks in vaccinated broilers
reared under field conditions occur and are responsible for high
mortalities and production losses in the broiler and layer industry.

The serological response and protection against a genotype VII
lethal challenge conferred by the current vaccine program imple-
mented in Venezuela were tested under experimental and com-
mercial conditions; the results are summarized in Table 2. At day
28, the average NDV serological responses measured as ELISA
antibody titers were 2,384 and 1,356 for experimental and com-
mercial farms, respectively, indicating a significant (P � 0.05)
decrease in the level of humoral immunity provided by the NDV
vaccination program in the birds raised in the commercial set. The
antibodies measured in the commercial farm suggest an early
IBDV field infection, with antibody levels of 10,506 and 7,295 at 21
and 28 days, respectively. In the group reared under controlled
conditions, the IBDV antibodies were at a level of 1,489 at 28 days,
which is within the range of previously reported levels for chal-
lenge-free birds after administration of two live vaccines (4). The
vaccine-challenge trial results showed that all the naïve controls
died during the observation period, validating the challenge. Fur-
thermore, only 57% of the birds from the commercial farm sur-
vived, differing (P � 0.05) from the 90.5% survival rate observed
in the experimental farm (Table 2).

The differences in humoral immune response and protection
observed are noteworthy (Fig. 2); additional results show that at

the challenge age (28 days), the bursa/body weight ratios were 2.03
and 0.9 in the experimental set and the field, respectively, suggest-
ing the presence of better-sized and healthier bursae in the exper-
imental birds. The bursa of Fabricius is the main target organ for
the IBDV. The virus replicates in actively dividing IgM-positive B
cells (20). Infection results in lymphoid depletion and severe at-
rophy of the bursa as the predominant features of the pathogenesis
of this disease, eliciting a suboptimal immune response to live
attenuated vaccines (13).

In this trial, the histopathology evaluation of the bursa in the
field group demonstrated severe lymphoid depletion of the folli-
cles, an increased amount of stroma between follicles, and severe
follicular atrophy consistent with grade 4 in the bursal lesion
scores at 28 days; the experimental farm birds showed a bursal
score of 1.5 at the same age. The grading system is a diagnostic tool
for IBDV infection and provides valuable information on the pre-
dicted immune status of the flock (4, 13, 20). All together, these
results suggest that, despite vaccination, the field birds developed
IBD, compromising the ability of the birds to mount an adequate
immune response to the NDV vaccination and challenge.

Therefore, and based on the differences between the experi-
mental and the field sets, the extent of the vaccine failure in the
commercial farm group may be explained by field environmental
and/or immunosuppressive factors affecting the efficacy of the

TABLE 2 Serological response and protection conferred by the vaccine program in place against a genotype VII lethal challenge

Group

Vaccination protocol (genotype VII
Venezuelan isolate challenge virus;
n � 21 birds)

No. of birds with positive
results/total no. of birds
tested (% protection)

Mean ELISA titera

NDV IBDV

Day 14 Day 21 Day 28 Day 14 Day 21 Day 28

G01 Exptl farm (live/killed day 1 � live day
7 and 17)

2/21 (90.5) 856a 1,713a 2,384a 573a 10,506a 7,295a

G02 Commercial farm (live/killed day 1 �
live day 7 and 17)

9/21 (57) 908a 89b 1,356b 160b 141b 1,489b

G03 Exptl farm (challenged, nonvaccinated) 21/21 (0) 140b 53b 22c 134b 77b 52c
a Serology data are presented as mean titers. Group means were analyzed by ANOVA with Tukey’s multiple-comparison test. Different letters within columns indicate significant
differences (P � 0.05) between antibody levels. ELISA antibody titers were 2,343 and 1,043 for experimental and commercial farms, respectively, indicating a significant (P � 0.05)
decrease in the level of humoral immunity provided by the NDV vaccination program in the birds raised in the commercial set. For IBDV, the antibodies measured in the
commercial farm suggest an early IBDV field infection with antibody levels of 10,506 and 7,295 at 21 and 28 days, respectively. In the group reared under controlled conditions, the
IBDV antibody level was 1,489.

FIG 2 Bursa/body weight ratio. The bursal index was significantly (P � 0.05)
higher for the experimental farm vaccinates than for the field vaccinates.
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vaccine (9). An additional plausible explanation for the signifi-
cantly higher protection observed in the group subjected to exper-
imental conditions is that the NDV and IBDV field vaccination
procedures (implemented by field personnel in a population of
20,000 birds) could have been impaired, affecting vaccine efficacy
and emphasizing the well-known fact that proper vaccination
procedures are required for vaccination success (14, 27).

Additional experiments increasing the number of birds chal-
lenged are required to assess the cause of the lack of 100% protec-
tion in chickens reared under experimental conditions after the
intensive vaccination program.

In summary, the presence of a velogenic NDV belonging to
genotype VII has been confirmed in Venezuela. The differences in
protection observed in the field-vaccinated birds suggest that
management, environmental, and/or immunosuppressive factors
are affecting ND control and vaccine efficacy in the country.
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