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ABSTRACT

In 2003, Brazil was recognized as a pathogenic Newcastle Disease Virus (NDV) strain-free country for

commercial poultry. This research was conducted in Brazil between December 2003 and March 2005 to

verify the maintenance of this virulent NDV-free status. Serum samples from 5,455 flocks for commercial

poultry farms were collected, comprising 81,825 broiler chickens. The farms were located in nine states of

the country, grouped in three geographic regions. Serological evidence of NDV infection was detected in

28.8% of the surveyed farms. However, all fifteen viruses isolated and identified as Newcastle Disease

Virus (NDV) were characterized as nonpathogenic strains, based on the Intracerebral Pathogenicity Index.

These results showed that Brazil preserves the virulent NDV-free status for commercial flocks.
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INTRODUCTION

Newcastle disease virus (NDV) is a negative-stranded

RNA virus of the Avulavirus genus within the
Paramyxoviridae family of the Mononegavirales order (17,18).
NDV is also referred to as avian paramyxovirus-1 (APMV-1),
one of the nine identified paramyxovirus serotypes known to
infect birds, representing one of the most important threats to
the poultry industry. Infection in birds can be acute, chronic or

asymptomatic and may affect wild and domestic birds, a

significant source of protein in developing countries (14).

Newcastle Disease (ND) is frequently responsible for
devastating losses in poultry production. Spradbrow (23)
estimated that in Nepal 90% of poultry dies each year as a
result of this disease. NDYV infection in poultry ranges from
unapparent to rapidly fatal, depending on the virus pathotype
(6). Therefore, the ethiopathogenic diagnosis should be based
on isolation and biological characterization of field samples
(26). Nowadays, the disease has a worldwide distribution with

a large rank of hosts. Alexander (3) reported that natural or
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experimental infection comprises over 250 different bird
species, although many existing species have never yet been
diagnosed. The widespread presence of lentogenic strains in
feral birds and the use of such viruses as live vaccines mean
that the isolation of NDV is not enough to confirm a disease
diagnosis. For confirmation the virus needs to be characterized
by pathogenicity tests or nucleotide sequencing.  The
importance and impact of a given NDV isolate are directly
related to the virulence of the viral strain. As field investigation
of the disease can be an unreliable measure, laboratory
assessment of the virus pathogenicity by the determination of
the Intracerebral Pathogenicity Index (ICPI) in day-old chicks
Gallus gallus should be done. The World Organization for
Animal Health-OIE (30) defines ND as a notifiable disease
when the virus has an ICPI of 0.7 or above or presents multiple
basic amino acids at the F protein cleavage site. An APMV-1
virus which does not meet the OIE definition for causing ND is
referred to as a low-virulence APMV-1 or NDV.

In 2003, Brazil was recognized as a country free of
pathogenic NDV strains in commercial poultry (19, 31).
However, despite the rigorous biosecurity measures adopted by
the poultry industry, the risk of reintroduction of viruses into
domestic poultry is always present. The present work was

conducted to verify whether Brazil maintains the non-virulent

Newcastle disease status for commercial flocks.

MATERIALS AND METHODS

Sample calculations and sources

Samples were collected weekly during seven consecutive
production cycles of birds in slaughterhouses located in
selected areas of nine states of the Southeastern, Southern and
Central Western regions of Brazil, corresponding to those
where the Brazilian poultry industry is concentrated. Blood
serum of 15 birds per flock and pools of eight tracheas and
eight cloacae swabs were placed separately in a buffered saline
solution (PBS) with antibiotics (10,000 U/ml penicillin, 10
mg/ml streptomycin, 0.25 mg/ml gentamicin and 5,000 IU/ml
nystatin), adjusted to pH 7.0-7.4, and cold-stored.
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Collected samples were sent to a screening centre in each
state to ensure analysis viability, and insertion of data into an
computerized information system. The material was sealed up
and sent in the thermal ice boxes to the National Agricultural
Laboratory (Lanagro/SP) in Campinas, Sao Paulo, Brazil.

The calculation of the number of samples for the study
was based on the total population of birds in each federative
state, from a total of 410,729,182 birds in the country,
according to the Brazilian Ministry of Agriculture. Federative
states were selected based on their importance for the Brazilian
poultry industry, and comprised three regions: Southeastern
(Minas Gerais and Sao Paulo states) Southern (Parand, Santa
Catarina and Rio Grande do Sul states) and Central Western
(Goias, Distrito Federal, Mato Grosso and Mato Grosso do Sul
states).

The number of samples in each region was calculated
using the following formula:

[1- (1-C) 1/(D*SENS)J* [M- (/2 D*SENS-1)], where:
C= Reliable degree

M = n. of units (animal/flocks) at risk

D =n. of ill/infected units

SENS = Sensitivity test

The calculated number of samples was 81,825 broiler
chickens, being 27,165 birds in 1,811 farms of the Southeastern
region, 28,905 birds of 1,927 farms in the Southern region and
25,755 birds of 1,717 farms in the Central Western region.

Detection of NDV antibodies

Chicken serum samples were diluted 1:500 and examined
for NDV antibodies by indirect enzyme-linked immunosorbent
assay (ELISA), wusing a commercial ELISA test Kkit
(Flockscreen - Guildhay Laboratories Inc., Guilford, England),
run in 96-well microtiter plates containing NDV antigen. The
ELISA test was performed according to the manufacturer’s
recommendations. When at least one bird from a flock was

ELISA positive, the whole flock was considered positive.

Virus isolation

Cloacal and tracheal swabs from all ELISA seropositive
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birds and from 30.3% of ELISA seronegative birds were
submitted to isolation of virus. The swabs, stored in transport
media composed of phosphate-buffered saline solution (PBS)
containing antibiotics, were sent to the National Agricultural
Laboratory (Lanagro/SP), Campinas, Sdo Paulo within 48 hrs
after collection, in a refrigerated container (2-8°C). In the
laboratory the samples were stored at -80°C until analyzed. The
swabs were pooled and inoculated into five specific-
pathogen-free embryonated chicken eggs (9-11 days old), and
processed according to standard NDV isolation procedures
described by Alexander et al. (4) and by the Regulation
#182/94 of the Brazilian Ministry of Agriculture (13). The
samples were submitted to three trials in embryonated chicken

eggs, before considered negative.

Virus identification

NDV was identified using reference antisera APMV-1 to
APMV-9 by the haemagglutination inhibition (HI) test, carried
out according to Alexander (2) and Regulation # 182/94 of the
Brazilian Ministry of Agriculture (13). APMV-5 was not used
in the analyses as it does not produce haemagglutination.
Antisera were produced by the Veterinary Laboratory Agency

(VLA) in Weybridge, Surrey, United Kingdom.

Biological pathotyping of the NDV

Pathotyping was based on measurement of the

Intracerebral Pathogenicity Index (ICPI) in one day-old chicks
from specific-pathogen-free (SPF) parents. In the ICPI test,

birds are inoculated intracerebrally and then examined every
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day for eight days. The birds are scored at each observation: O-
if normal, 1- if sick and 2- if dead. The ICPI is the mean score
per bird per observation over the eight-day period. According
to the World Organization for Animal Health-OIE (30) an
isolate with an ICPI> 0.70 should be classified as pathogenic,
and the ICPI for live vaccines should not exceed 0.4 (14).
These guidelines have also been adopted by OIE (27). ICPI
was determined following procedures of the World
Organization for Animal Health (30) and the Regulation

182/94 of the Brazilian Ministry of Agriculture (13).

Statistical analysis
Statistical analysis was performed using the Chi-Square or
Fisher’s (25). Differences were considered

Exact test

statistically significant when p< 0.05.

RESULTS

The serology and virus isolation results are shown in Table 1.
The highest prevalence of seropositive samples occurred in
Southeastern region (44.8%), followed by Southern (23%) and
Central Western regions (18.3%). In the country, the
prevalence was 28.8%. The average percentage of isolation per
flock was 0.27%, being 0.44% in the Southeastern region,
0.23% in the Central Western region and 0.15% in the
Southern region. There was a significant difference in the
percentage of seropositive samples in the three regions (p<
0.0001). The Southeastern region presented the highest

percentage when compared to the other regions.

Table 1. Relationship between NDV-seropositivity and NDV isolation

Flocks Birds ELISA NDV isolation
Region (n) (n) seropositive (n) ELISA Flocks Region
flocks % positive % % %
*
Southeastern 1,811 27,165 812 (44.8) 08 1.0 0.44 53.3
Southern 1,927 28,905 444 (23,0) 03 0.4 0.15 20.0
Central Western L717 25755 315(183) 04 09 0.23 26.7
TOTAL 5,455 81,825 1,571(28.8) 15 03 0.27 100.0

*The percentage of seropositive flocks in the Southeastern region was significantly higher than that in the other two regions (p< 0.05).
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The NDV isolation percentages in ELISA positive flocks
by region were 1.0%, 0.9% and 0.4% in Southeastern, Central
Western region and Southern regions, respectively.
Considering the total number of isolates, 53.3% of the flocks
were from the Southeastern region, 26.7% from the Central
Western region and 20.0% from the Southern region.

The states with higher viral isolation percentage per flock

were Sdo Paulo (0.58%) and Mato Grosso do Sul (0.50%),
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followed by Rio Grande do Sul (0.37%), Minas Gerais (0.16%)
and Parand (0.14%), as shown in Table 2. Among isolates,
46.7% were from Sao Paulo state, 26.7% from Mato Grosso do
Sul state, 13.3% from Rio Grande do Sul state and 6,7% from
Minas Gerais and Paranid states. Four states (Mato Grosso,
Distrito Federal, Goids and Santa Catarina) did not present any
viral isolate. Figure 1 shows the isolation of NDV by

geographic region.

Table 2. Percentage of NDV positive flocks according to region and state

Number of ELISA Isolation
. flocks positive positive flocks
Region States surveyed flocks (%)
(%)
Minas Gerais 620 0.16 6.7
Southeastern

Sdo Paulo 1,191 0.58 46.7
Central Western Mato Grosso do Sul 796 0.50 26.7
Parana 688 0.14 6.7

Southern
Rio Grande do Sul 542 0.37 13.3

aarina

Figure 1. Number of

Newcastle Disease Virus

isolates according to the
geographic region (number

of isolates in black)
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In the characterization of pathogenic NDV isolates (Table
3), the ICPI ranged between 0.0 and 0.47. In 53.3% of the
NDV isolates, ICPI varied from O to 0.10, and in 26.6% varied
from 0.11 to 0.30. In 20% of the isolates, the ICPI values
varied from 0.31 to 0.47. These data indicate that none of the
isolates was pathogenic, as their ICPI was lower than 0.70.

The grouping of the viruses by ICPI and region is shown
in the Table 4. The ICPI of vaccinal strains is also shown in
Table 4 for comparison. The 1% group, with 53.3% of the

isolates, presented ICPI 0.0 to 0.10, similar to vaccinal strains

Table 3. Intracerebral pathogenicity index (ICPI) of NDV isolates
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Ulster, VG-GA, V4 and C2. The isolates in the 1 group were
mainly from Southeastern and Central Western regions
(37.5%) followed by Southern region (25%). The 2™ group,
represented by B1 strain (ICPI from 0.11 to 0.30), comprised
26.6% of the NDV isolates — 75% in the Southeastern and 25%
in the Central Western regions. The 3" group represented by La
Sota and Clone 30 strains, comprised 20% of isolates (ICPI-
0.31 to 0.47) — 66.6% in the Southeastern and 33.4% in the

Southern regions.

Region Vaccination Number of isolates Range of ICPI
Southeastern + 03 0-0.1
+ 02 0.11-0.30
+ 01 0.47
- 01 0.15
Southeastern
- 01 0.42
- 02 0-0.1
Southern
- 01 0.36
- 03 0-0.1
Central West
- 01 0.14
Total 15
Table 4. Grouping of the NDV isolates and Vaccinal Strains by ICPI
Group Range of ICPI NPmber of NDV % Region % Vaccinal Strain
isolates
37.5ST
1) 0.00 t0 0.10 g 533 375cw  Ulster, VG-GA,
V4, C2
258
75 ST
2) 0.11 t0 0.30 4 26.6 25 CW B,
3) 0.31 to 0.47 3 20,0 66.6ST La Sota, Clone 30
33.4S

ST= Southeastern, S= Southern CW= Central Western
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DISCUSSION

The present study confirms results of a previous report
indicating that poultry in the Southeastern region of Brazil is
vaccinated against NDV (19), although there are flocks of this
region with no information about vaccination. In addition, in
the Northern part of state of Parand, all categories of
commercial poultry were vaccinated against Newcastle disease,
leading to a large number of serology positive samples in this
state. On the other hand, the present study demonstrated that
NDV was circulating in regions with no information on
vaccination. An important point to consider is the
“spreadability” of the live vaccines, given their capacity to
immunize individuals other than those individually vaccinated
(11). The risk factors associated with seropositive NDV were
identified by East et al. (16), who demonstrated that age of the
flock, proximity to neighbor poultry farms and location of the
farm (either in increase Sydney Basin or Eastern Victoria,
Australia) were the most important. Several other risk factors
in the slaughterhouse were postulated: security level, sanitation
of chicken water supply and exclusion of wild and free range
birds from chicken housing (12, 16, 25). The risk of
seropositive NDV may be attributed to the occurrence and
frequency of breaches in security and hygiene rather than to the
adopted levels of biosecurity and hygiene (15).

Results show that vaccination against ND in broiler
chicken does not occur in the states of Rio Grande do Sul,
Santa Catarina, Mato Grosso, Mato Grosso do Sul and Goiés,
nor in the Federal District. However, it is known that in these
states, birds are vaccinated only when used for long-life
purposes, such as egg production.

In this study, NDV was isolated from healthy birds in a
frequency varying from 0.15% to 0.44% per flock. The
isolation varied from 20.0 to 53.3% according to the
geographic region. In a previous study, Orsi et al (19) reported
a higher frequency of 1.0 to 7.6% per flock, varying from 6.5%
to 58.4% according to the geographic region. The isolation was

higher in regions where vaccination was widely used. These

data are in accordance with Alexander and Gough (6), who
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suggested that the vaccine protects birds from clinical diseases
but replication and virus excretion may still occur, even in
lower levels.

The decrease in the number of NDV isolation is evident
when results are compared to those reported by Orsi et al (19).
This decrease in positivity may be attributed to improvements
in biosecurity and prohibition of transit of people in farms
given the fear/preoccupation caused by avian influenza during
this period. Between 2002 and 2005, several outbreaks of
influenza virus were extensively reported in the world through
the newspapers, TV and OIE communications, leading towards
a change in posture and better control of the Newcastle disease
virus in Brazil.

A serological study was also conducted in Benin, Africa,
in three ecologically different regions (Southern, Central and
Northern regions), and 56%, 75% and 69% of the chickens
were seropositive, respectively (9; 10). The African results
were higher than those obtained in Brazil. Litter reuse observed
in most regions can explain the presence of the virus as early as
the first week of life of the bird, leading to the stimulation of
the immune system.

The highest virus isolation in Southeastern region in
Brazil, followed by the Central Western and Southern regions,
were also reported in a previous study of Orsi et al (19), who
detected more virus circulation in the Central Western region
if compared to the Southern region. The more effective
vaccination in the Southeastern area may correlate with the
high number of isolates in this area. These results are in
accordance with the history of vaccination, as a prevalence
ranging from 5 to 29% was found in one small chicken flock
and pure-bred poultry flocks (22).

Serological evidence and viral isolation in states that do
not use vaccine against Newcastle Disease in broiler chickens
can be explained by the high amount of birds in some regions,
by the proximity with distinct categories of birds, and the
coexistence low technology farms along with highly technified
poultry farms.

The virus isolates in this study presented ICPI below 0.47.

This can be attributed to the most frequent use of vaccines B1
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0,2 and 0.4,
respectively (1,8). The World Organization for Animal Health

and La Sota in Brazil, which present ICPI

(30) recommends that vaccine should have an ICPI below 0.7,
in order to meet the estimated interlaboratory variability and
the required safety margin. Thus, the master seed of live
vaccines should not present ICPI exceeding 0.4 (14).

Orsi et al. (20) verified that the ICPI values for all
vaccines used in Brazil varied from O to 0.37. The ICPI values
of the isolates in this study are similar to those obtained for
vaccines.

Yongolo (32), in Tanzania , also isolated lentogenic and
mild virulent NDV from birds with clinical Newcastle disease,
as well as from healthy carrier birds.

The results in the present study indicate that biosecurity
measures associated with vaccination programs as postulated
by the International Animal Health Code are crucial for the
preservation of the virulent NDV-free status for industrial

poultry in Brazil.
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