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Intracerebral pathogenicity index (ICPI) for virulent strains

Procedure

1. Ten 1-day –old chicks were use.

2. The birds were examined at intervals of 24 h for 8 days.

3. At each observation, each bird was scored: 0=normal, 1=sick, 2=dead.

Birds that were alive but unable to eat or drink should were killed

humanely and scored as dead at the next observation. Dead individuals

were scored as 2 at each of the remaining daily observations after death.

4. The index was calculated as shown in the following example. A sample

method for recording results and calculating indices is shown in  the Table

below:

Table 9. Determination of ICPI for virulent isolates

Clinical signs Days after inoculation

Number of chickens with specific signs

Total score

1 2 3 4 5 6 7 8

Normal 3 0 0 0 0 0 0 0 3X0 = 0

Sick 7 0 0 0 0 0 0 0 7X1 = 7

Dead 0 10 10 10 10 10 10 10 70X2 = 140

Total = 147/80

ICPI=1.83

10 birds observed for 80 days= 80 observations

Index= mean score per bird per observation = …../80=

Any APMV-1 yielding a value of 0.7 or greater was considered to be a virulent

ND virus
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The ICPI is the mean score per bird per observation over the 8-days period. The

most virulent isolates have an ICPI close to 2.0, lentogenic and asymptomatic

enteric viruses have values of 0.0-0.6.

Intracerebral pathogenicity index (ICPI) for avirulent strains

Procedure

1. Ten 1-day –old chicks were used.

2. The birds were examined at intervals of 24 h for 8 days.

3. At each observation, each bird was scored: 0=normal, 1=sick, 2=dead.

Birds that were alive but unable to eat or drink were killed humanely and

scored as dead at the next observation. Dead individuals were scored as 2

at each of the remaining daily observations after death.

4. The index was calculated as shown in the following example. A sample

method for recording results and calculating indices is shown in the table

below:

Table 10. Determination of ICPI for avirulent isolates

Clinical signs Days after inoculation

Number of chickens with specific signs

Total score

1 2 3 4 5 6 7 8

Normal 10 10 10 10 9 8 7 7 71X0 = 0

Sick 0 0 0 0 1 1 1 0 3X1 = 3

Dead 0 0 0 0 0 1 2 3 6X2 = 12

Total=15/80

ICPI=0.1

10 birds observed for 80 days= 80 observations

Index= mean score per bird per observation = …../80=
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Any APMV-1 yielding a value less than 0.7 was considered to be an avirulent

ND virus.

The ICPI is the mean score per bird per observation over the 8-day period. The

most virulent isolates have an ICPI close to 2.0, lentogenic and asymptomatic

enteric viruses have values of 0.0-0.6.

Table (11) Fate of the virus in experimentally infected chickens

O r g a n

f r o m

v i r u l e n t

strain

Days post-inoculation O r g a n

f r o m

Avirulent

strain

Days post-inoculation

1 2 3 4 1 2 3 4

Virus titer Virus titer

Bursa - - 64 32 Bursa - - - -

Spleen - - 64 8 spleen - - - -

Lung - - - 128 Lung - - - -

B o n e

marrow

- - 64 8 B o n e

marrow

- - - -

Trachea - - 8 256 Trachea - - - -

C e c a l

Tonsil

- - 256 256 C e c a l

Tonsil 

- - - -

Kidney - - - 4 Kidney - - - -

Brain - - 32 8 Brain - - - -

Intestine - - - Intestine - - - -
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Table (12)     HA activity and elution time using chicken and horse RBCs at

room temperature

Isolate

No.

Virus

titer

HA

activity

for

chicken

RBCs

HA

activity

for

horse

RBCs

Elution

time for

chicken

RBCs

per min.

Elution

time for

horse

RBCs

per min

Pathotype

1 256 + - 15 min - Velogenic 

2 512 + + 130 min 240 min Lentogenic

3 64 + + 10 min 5 min Lentogenic

4 256 + + 200 min 630 min Lentogenic

5 256 + + 155 min - Lentogenic

6 1024 + - 180 min 333 min Lentogenic

7 128 + + 175 min 333 min Lentogenic

8 256 + + 5 min 5 min Lentogenic

9 1024 + + 175 min 5 min Lentogenic

10 16 + + 5 min 5 min Lentogenic

11 64 + + 10 min 5 min Lentogenic

12 512 + + 5 min 5 min Lentogenic

13 128 + - - - Velogenic

14 512 + - - - Velogenic

15 128 + - - - Velogenic

16 128 + - - - Velogenic

17 64 + - - - Velogenic

18 64 + - - - Velogenic
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3.8. Microscopic findings

        The chickens used for experimental inoculation were divided into three

groups: group 1and 2 inoculated by the virulent strain; they died in day 3 and

day4 p.i respectively whereas chicken in group 3 inoculated by the avirulent

strain died in 7 days p.i.  Virus inoculation produced a variety of pathological

changes for all groups.

3.8.1. Group 1

3.8.1.1. Brain

           The changes in the brain consisted of moderate proliferation of glial cells

in cerebellum and cerebral hemispheres in the form of scatter gliosis, dilation of

Virchow-Robin space and neuraldegenaration, shrunken and clumping of their

nuclear material. In addition there was focal meningitis with detachment of

piamater and mild infiltration of lymphoid cells vacuolation of cerebral cortex

and cerebellum foli and peducle and extravastation erythrocytes. 

3.8.1.2. Lung

     Showed interstitial pneumonia; the most prominent changes included

thickening of the alveoli septa with infiltration of lymphoid cells, congestion and

hemorrhages.

3.8.1.3. Trachea 

        This organ revealed degeneration, vacuolation of the lining epithelium and

focal sloughing of the mucosa. There were aggregates of lymphoid cells

infiltration in subepithelial area and serosa.

3.8.1.4. Kidney   

Displayed glomerulo-interstitial nephritis; there were a tropic collapsed

glomerular tufts and marked dilation of Bowman' space necrosis and
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fragmentation of tubule cells and intense infiltration of lymphoid cells in the

interstitial connective tissue

3.8.1.5. Bursa of fabrisus

             This organ revealed proliferation of the epithelial lining which later

formed gland-like structure, oedema and mononuclear cell infiltration and

subepithelial and interfolicular area. Degeneration with formation of central

cavities in medulary zone of the follicles was scarcely observed.

3.9 Group 2

             The pathological changes in the organs brain, lung, trachea and kidney

were same as in group 1, with the exception of bursa of fabricus which showed

oedema, lymphatic infiltration in sub-epithelial and interfolicular areas. There

were mild thickening and vacuolation of the lining epithelium. 

3.10. Group 3

3.10.1. Brain

           The changes in the brain included proliferation of glial cells in the

cerebellum and cerebral hemispheres forming focal and scattered gliosis which

was more prominent; dilation of Virchow –Robin spaces and neuronal

degeneration was evidenced by clumping of nuclear and shrunken of the cells in

same area. There were focal infiltrations of lymphoid cells in meninges which

often detached and collapsed of many blood vessels. Degeneration and

vacuolation of cerebral cortex and cerebellar peduncle degeneration and

vacuolation of Purkinje cell layer were regularly encountered.

3.10.2. Lung

           Interstitial pneumonia with profuse infiltration of lymphoid cells in the

alveolar septic around the secondary and tertiary bronchi was seen. In some
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areas the lung architecture was obliterated and normal lung tissue was replaced

by the infiltrated lymphoid cells which often formed lymphoid follicle. Oedema

and emphysema with rupture of alveolar septa and dilation of air pouches were

observed.

3.10.3. Trachea

There were aggregation of lymphoid cells in the subepithelial area and

focal detachment of tracheal mucosa.

3.10.4. Kidney

Glomerulo-interstitial nephritis, changes in the kidney included

accumulation of lymphoid cells in the interstitial connective tissue, detachment of

tubular-epithelial from basement membrane which was discontinued in some

tubules, glomerular segmentation, fragmentation and dilation of Bowman

capsule. In some areas the kidney tissue was effaced by intense and diffuse

lymphoid cells.

3.10.5. Bursa of fabricus

            This organ displayed interfolicular and subepithelial oedema and

infiltration of mononuclear cells; the lining epithelium revealed proliferation

degeneration. In severely affected areas there were extensive proliferation of

follicular lymphoid cells and some follicular cells coalesced together; they lost

the normal structure forming large mass of lymphoid cells.
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Figure 18: Section of brain in group 1, inoculated with a virulent ND strain

.Note vacuolation of cerebellum .H&E x100
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Figure 19: Section of brain in group 2, inoculated with a virulent ND strain.

Note degenerated neuron and dilated Virchow –Robin space. H&Ex100
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Figure 20: Section of trachea in group1, inoculated with a virulent ND

strain .Note, desquamation of the mucus membrane and infiltration of

aggregates of mononuclear cells .H&Ex40.
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Figure 21: Section of bursa of fabrisus in group 1 inoculated with a  virulent

ND strain .Note degeneration and necrosis of the medulary zone of follicles.

H&Ex100.
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Figure 22: Section of brain in group 3 inoculated with an avirulent ND

strain. Note diffuse gilais and desquamation of meninges .H &Ex 100.
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Figure 23: Section of brain in group 3 inoculated with an avirulent ND

strain. Note necrosis and vacuolation of Purkinje cell layer, gliosis and

degeneration of Purkinje cells. H &Ex100.
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Figure 24: Section of lung in group 3 inoculated with an avirulent ND

strain. Note intense infiltration of lymphoid cells, lymphoid follicles

formation .H &Ex100.
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Figure 25: Section of kidney in group 3 inoculated with a virulent ND

strain. Note tubular degeneration, lymphoid cell infiltration. H&Ex100.

CHAPTER FOUR 

DISCUSSION

NDV is a serious disease of birds that kills up to 80% of unvaccinated

poultry .Outbreaks of the disease occurred in all over the world. In Sudan it had

been reported from all regions of the country with a highly virulent nature and

heavy losses among both exotic and indigenous chicken breeds (Karrar and

Mustafa, 1964).

In view of the fact that the velogenic viscerotropic type of the disease

predominates in the Sudan and due to the high economic losses encountered, ND
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is nowadays listed as a notifiable disease. In spite of intensive vaccination still

there were many outbreaks, one during 2003-2006 and another during

2006-2008 from which samples were examined in this present study.

The aim of this study was to test the biological properties of NDV strains

using conventional methods as well as nucleic acid- based techniques. The HA

tests were performed for detection and identification of the isolates; the positive

samples were neutralized by known antisera. As shown in the results, all virulent

strains were found positive for HA activity by using both chicken red blood cells

(CRBCs) and horse red blood cells (HRBCs), while avirulent strains were found

positive for HA activity by (CRBCs), but negative for HA activity by (HRBCs). 

The virulence of these isolates was assessed by the intracerebral

pathogenicity index (ICPI) test. The average index values obtained were 1.83 for

virulent strains and 0.1 for avirulent ones; this method was officially recognized

for APMV-1 pathotyping by the World Organization for animal health –OIE,

(OIE, 2008). Moreover, the (ICPI) is considered the most sensitive "in vivo test"

for pathotyping by many investigators (Terregino and Capua, 2009). 

          The conventional method was used for the preparation of chick-embryo

fibroblasts (CEF). When confluent (CEF) monolayer was inoculated with virus

dilutions containing 103 ELD50 per 25µl, CPE was observed 24-48 hours p.i. in

all isolates. For plaque production, when 10-6-10-10 virus dilutions were

inoculated in primary cell culture, plaques were not seen after incubation for

many days. Hence, when secondary (CEF) monolayers were prepared and were

inoculated with higher virus dilutions from 108-_10-12 and bovine serum

albumen was added to the virus suspensions, the virulent viruses had been

successfully adapted after the second passage in chick –embryo fibroblast
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forming different sizes of plaques. This was in agreement with Omaima et al.,

(2005a). In a previous similar work, small, medium and large plaques could be

obtained in CEF monolayers only when virulent NDV strains were inoculated

(Omaima et al., 2005b). 

In this study the 18 positive isolates revealed amplicons of fragment size

298 bp for virulent and a virulent NDVs, (Figures (4) and (5).

         Since the conventional methods of virus isolation are usually slow and

depend on the viability of the virus in the sample many molecular- based

techniques have been developed for diagnosis of NDV.

Real time reverse transcriptase PCR-(RRT-PCR) has several advantages

such as speed and elimination of the possibility of cross contamination of new

samples with previously amplified products because the sample tube is never

opened after PCR. RT-PCR was used for detection of APMV-1 from extracted

RNA, by using probes for the detection of NDV. Jarecki Black and King (1993)

reported a radiolabelled oligonucleotide probe for distinguishing virulent viruses

from avirulent ones. In this test the RRT-PCR product was detected with a

sequence- specific probe and there was a grantee that the correct target was

amplified which reduces the chance of false positives. Another method  was used

to detect the virulence of NDV strains by determination of the presence or

absence of multiple basic amino acids ( lysine-L, or arginine R) located at the

C-terminus of the FO protein and phenylanine F at the N-terminus of the F2

protein which correspond to the cleavage site of the precursor FO glycoprotein

(Position 112-117) (OIE, 2008). 

         In this study it was found that the cleavage site of all virulent strains

contained the 112 RRQKRF117 motif, similar to the sequence in the study
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conducted by Mahasin et al ., (2005); in Genbank AJ243391 amino acid of the

fusion protein cleavage site (FO) was: 112 RRQKRF117 and was an indication

for high virulence. These findings were similar to those described by Wegdan et

al., (2010).Other Sudanese viruses such as Chicken/Sudan/Obied/ 87 strains

have the same cleavage site of 112RRQKRF117. In a relative study conducted

by Mahasin et al., (2005), 3 samples were confirmed positive for NDV by RP-

PCR analysis; two of these samples were found avirulent while one was

diagnosed as virulent. After alignment and comparison of their sequences in a

phylogenetic tree, the two avirulent viruses appeared to be of the same type as

they were closely related to a group of avirulent viruses that include the South

African Avinew vaccine strain and the Queensland V4 virus. Their FO cleavage

site sequence was avirulent, and they do not cause serious disease in chickens.

On the other hand, the third virus was closely related to the Kuwait C virulent

strain which is responsible for disease outbreaks. It was also observed that all

these viruses had a maximum sequence similarity of 94% to any other ND

sequence submitted to Genbank and were therefore considered as unique to the

Sudan. These facts led to both an increasing number of groups using nucleotide

sequencing as their research tool, following the early work with the same amino

acid motifs which was confirmed by Collins et al., (1993) for Essex 70 strain;

others used nucleotides as tools for pathotyping viruses, with the same motif

112RRQKRF117 . (Zorman et al., 2002), for pathotyping of the Slovene

PMV-1chicken isolate and for 135/93 strain (Oberdorfer and Werner, 1998) 

       In the present study the sequence of avirulent fusion protein cleavage site

(FO) motif 112GRQGRL117 was in agreement with the findings reported by

Collins et al., (1993) and by Flavia et al., (2005). The Sudanese virulent strains
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show close relationship to other Africa isolates (Chicken /1377-8/ Niger 2006).

(Chicken/1910-11|Mauritania, 2006), (NDV-3724-6 Nigeria 2008) (FM 200808

Burkinafaso).

Field studies conducted during the period of 2003 -2006 in the Sudan

investigated and used a phylogenetic analysis of the fusion protein gene of

genotype 5.  In this present study the phylogenetic analysis results agreed with

the above findings which indicated that the velogenic isolates (no.1, 5 and

from13 to18) all clustered in lineage 5.This linage appears to be the dominant

linage in Asia and other areas of the world (e.g. Eastern Africa) and is the main

type responsible for the current outbreaks of ND worldwide. The isolates

collected in this study were very much related to isolates of sublineages 5d

described previously, hence, the majority of NDVs responsible for the recent

outbreaks in layer flocks in Sudan in the period 2003-2006 were caused by these

viruses which belong to the same lineage, (Wegdan et al., 2010).These viruses

included (GQ258675.1Chicken /Sudan 0812004(F), GQ258671-1

chicken/Sudan/o42003, GQ258669-1/chicken/Sudan/02 2005,

GQ258670-1/chicken Sudan/03/2003(F), GQ258673-1/chicken Sudan.0612006

(F), GQ 258672.1/chicken Sudan/05/2004 (F).On the other hand, the strain

GQ258674. 1/chicken/Sudan/Obeid  1987 (F) fell within the lineage 4. 

This study revealed that all avirulent isolates were lentogenic or

mesogenic strains (no.2, 3, 4 and from 6 to 12) and belonged to lineage 2,

causing no serious disease in chickens. They were most probably the circulating

strains used in live vaccines  and when they were matched with NDV Sudan

vaccines it was clear that all of these vaccines have been confirmed as vaccine

strains because they belonged to lineage 1and 2 of class1 ND virus..
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Field recent investigation by Cattoli et al., (2009) in which result from

phylogenetic analysis indicated that there is a new genetic lineage circulating in

West and Central Africa which was different from the lineage 5 described in the

Eastern and Southern parts of the continent. This new novel genetic lineage

assigned to lineage 7 included (GR.7C. FM 200808 chicken Burkina Faso/S,

GR.7DAPMV-1CK/1377-8/Niger/2006,GR.7A.APM1/CK11910-11/ Mauritania

/2006, GR. 7B. NDV-3724-6 Nigeria 2008). This occurred due to the

mismatches observed in the segment of the matrix gene targeted by the primers

and probe designed for the molecular detection of APMV-1, which were

responsible for the false negative results in the diagnostic tests conducted.

         Phylogenetic analysis, therefore, remains an important tool to determine the

evolving status of ND in Africa and other regions, to trace the sources of

infection, to these countries in taking decisions to improve their disease control

efforts.

To conclude, the present investigation provided important information on

the epidemiology, diagnosis and control of NDV in Sudan, and highlighted the

importance of supporting surveillance in developing countries for trans-boundary

animal diseases. It also  proved that Sudan is free from this new novel genetic

lineages, but diversification of the recent epizootic viruses and lineages has

accelerated in the last few decades and suggested that vaccination could play a

role in the generation and spread of the most recent virulent viruses.
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CHAPTER FIVE

Conclusion and Recommendations

Conclusion

 It could be concluded that all forms of Newcastle disease virus, virulent and

avirulent could be found with the highly pathogenic type predominating, causing

high mortality rates in all age groups of chickens.

 The avirulent strains contain both mesogenic and lentogenic forms.

 Diagnosis of the disease was performed using conventional methods i.e.

propagation and isolation in chick-embryos and identification by HA and HI

tests.

 Advanced diagnosis and confirmation was performed by using novel nucleic

acid-based techniques including RT-PCR, RRT-PCR. All samples diagnosed as

positive by conventional methods were also confirmed and gave the same result

by PCRs methods.

 Molecular characterization using genome sequencing and phylogenetic

analysis revealed that the virulent –Sudan viruses belong to the velogenic

viscerotropic strain that fell within linage 5d that was circulating in South Africa

since late 1990s.

 It was also confirmed that Sudan is free from the newly discovered linage 7

genotype which was isolated from West and Central Africa.

 Study of vaccine and local isolates matching revealed that clone 30 vaccines

LaSota strain ceva new and Komorov belonged to linage 2 and are suitable for

vaccination in Sudan.

 Biological characterization investigating the LD50, MDT/MLd, ICPI, IVPI

revealed the presence of both virulent and avirulent isolates.
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 The viruses could be propagated readily in cell culture producing clear CPE in

24-28 hours p.i.

 Plagues in cell culture could be obtained only by virulent and mesogenic

strains: hence this method could be used for differentiation between virulent and

avirulent strains.

 Also hemagglutination activity by use of chicken and horse red blood cells

could be used to differentiate between the two types of the virus in that only

velogenic strain could agglutinate horse red blood cells.

 When spread of experimentally infected viruses in chickens was investigated it

was found that the virulent type could be recovered from all organs including

brain, spleen, trachea, kidney, cecal tonsils. This confirmed that the virus is

pantropic in nature.

 Histopathological investigation showed that widespread changes were

observed in many organs.  
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Recommendations

 Use of nucleic acid - based techniques are the methods of choice for

confirming diagnosis of NDV; yet this does not eliminate the importance of

conventional methods of diagnosis which should be available in all laboratories.

 Knowledge of the types of ND viruses is essential to decide control strategies

to be applied. Many techniques can be applied for this purpose i.e. biological and

molecular characterization of the virus. Hence matching between vaccines used

in the country and the strains circulating is important to choose the most

appropriate vaccine strains for vaccination.

 Vaccination, which is the main method of control of spread of the disease,

should be enforced so that control and eradication can be made possible. 
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