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Background: Newcastle disease is a major viral disease of poultry. The virus is a major problem for chickens in Ethiopia and there is
a scarcity of updated information on the virological and molecular status of confirmation of Newcastle disease outbreak cases in the
country.
Methods: Newcastle disease outbreaks were investigated from February 2021 to October 2021 in central Ethiopia to isolate and detect
the virus by cell culture and reverse transcriptase PCR. A total of 44 pooled tissue specimens were sampled from sick and recently
dead chickens showing typical clinical signs of Newcastle disease. Virus isolation were performed using DF-1 cells and detection of
the virus was done by real-time PCR.
Results: Out of 44 collected tissue samples, 38.63% (17/44) were positive on DF-1 cells. The result shows 17 of the clinically sick
and dead chickens were positive for the virus by reverse transcriptase polymerase chain reaction. Based on the sample type, 54.54% (6/
11) of the brain samples, 36.36% (4/11) of the intestines, 54.54% (6/11) of lung and trachea, 9% (1/11) of pooled liver, kidney, heart,
and spleen samples were positive. Viruses were isolated in the proportions 37.5% (6/16), 25% (2/8), 50% (2/4), 25% (1/4), 50% (2/4)
and 50% (4/8) from Sebeta, Bishoftu, Sululta, Nifas Silk, Kolfe and Yeka, respectively.
Conclusion: This study showed that Newcastle disease is a major viral disease causing death of chickens in the study area. Therefore,
any control approach should focus on the appropriate characterization of the virus strain causing the outbreak in the study area.
Keywords: central Ethiopia, chickens, isolation, Newcastle diseases virus, RT-PCR

Introduction
Ethiopia is gifted with numerous livestock populations. The total poultry population in the country is 56.06 million.1 This
poultry population contains both exotic and indigenous chickens. They are widely distributed in rural and peri-urban
areas where they play important roles in income generation, food production and social interactions.2 The production of
these chickens is affected by different obstacles such as disease, management problems and genetics of the chickens. The
primary cause of the reduction of production and productivity of the chickens is a viral disease.3 Newcastle disease is the
most common viral disease of these birds and is often responsible for various disorders, including gastrointestinal,
nervous system, respiratory system and non-gastrointestinal disorders.4,5 Newcastle disease virus (NDV) is an RNA virus
with a negative sense and composed of six genes, which are generated through RNA editing.6–8

Newcastle disease virus affects a widespread range of poultry globally.9 It is a major cause of economic harm
worldwide.10 In many undeveloped countries, it is widespread and causes great problems in poultry farming.11,12 In
Ethiopia, the disease was first reported in 197213 and it can cause up to 80% death in poultry farms. The virus affects the
nervous, respiratory and digestive systems.14,15 The clinical signs and severity of NDV can vary depending on the strain
of the virus. According to variation in strains, the death of chickens in a flock ranges from 90–100%.14,16,17 There is
recurrent occurrence of the disease in commercial poultry farms in different parts of Ethiopia. But, confirmations of
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outbreaks are uncommon and inadequate data exist on the type of virus responsible for these outbreaks. Generally,
information about the isolation and molecular detection of the virus from chickens is insufficient in Ethiopia in general
and in the study area in particular. Therefore, the objectives of this study were the isolation and molecular detection of
Newcastle disease virus from outbreak cases in the study area.

Materials and Methods
Study Areas
The study was performed from February 2021 to October 2021 in a selected area of central Ethiopia (Bishoftu, Addis
Ababa, Sululta and Sebeta) where NDVoutbreaks occurred in commercial poultry farming system, as indicated in Table 1.

Study Animals
Chickens of both sexes and all ages managed under commercial poultry farm systems were included. Chickens that had
experienced an outbreak of Newcastle disease were used for outbreak investigation.

Study Design
A cross-sectional study design was performed during an active outbreak to isolate and detect NDV from suspected
outbreak cases. The study focused on suspected cases of ND. Before the beginning of any outbreaks, proper information
channels from concerned bodies regarding the outbreaks were collected through different contact addresses. Depending
on the reported outbreak case of ND, a field investigation was conducted at the area of outbreaks, clinical information
was recorded and appropriate samples were collected from chickens showing signs suggestive of ND infection.

Sampling
Representative tissue specimens were collected from different organs. About 44 tissues from ill and recently dead
chickens showing distinctive clinical signs of ND were sampled. Necropsy examination was performed and affected
tissues, i.e. brain, lung and trachea, pooled tissue of liver, spleen, kidney and heart, and intestines were sampled from the
same chickens. Collected samples were submitted to the laboratory using an icebox and stored at −80°C for further
processing.

Virus Isolation
Tissue specimens were processed by chopping them into small pieces and grinding with sterile sand in mortar and pestle
at the virus isolation laboratory. Four tissue specimens, i.e. four brain, four lung and trachea, four pooled tissue of spleen,
kidney, liver and heart and four intestines that were sampled from the same outbreak case were pooled to increase the
concentration of virus. The suspension of tissue samples (10% (w/v)) were mixed with sterile phosphate buffer saline
(PBS) which contains penicillin (100 IU/mL) and streptomycin (1000 μg/mL). The suspension was filled into a sterile
Falcon tube and centrifuged at 3000 rpm, +4°C for 20 minutes. The supernatants were collected and filtered with 0.45 µL
then 0.1 mL of the samples were inoculated onto confluent DF-1 cells which were cultured on 24-well plates and
maintained with DMEM containing 2% calf serum and incubated at 37°C for one week with daily follow-up. The
cytopathic effect (CPE) was determined based on a characteristic of NDV on the cell line. Samples that did not show

Table 1 Detail About the Study Areas

Study Area Elevation Longitude Latitude Yearly Rainfall Temperature Ref

Max Min

Bishoftu 1900 m 8° 44’ E 39° 02’ N 851 mm 17°C [29]

Addis Ababa 2110 m 9° 38’ E 38° 42’ N 1224 mm 22.8 °C 10°C [30]
Sebeta 2356 m 8° 55’ E 38° 37’ N 1650 mm 19°C 8°C [31]

Sululta 2730 m 9°06ʹ00 E 38°42ʹ00”N 1119 mm 20°C 10°C [32]
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a cytopathic effect were continued up to the third passage. The samples that revealed characteristics of the cytopathic
effect were harvested for molecular detection of the virus.

RNA Extraction and Reverse Transcription-Polymerase Chain Reaction
Viral RNA extraction was conducted on all positive cell culture samples using Qiagen viral RNA mini kit according to the
manufacturer’s instructions. To detect NDV in the isolated samples the specific prime designed M-gene of Newcastle disease
virus was used and specific Forward Primer M+4100- 5’-AGT GAT GTG CTC GGA CCT TC-3’, Reverse Primer M-4220-
5ʹCCT GAG GAG AGG CAT TTG CTA-3’, Probe M+4100- 5ʹFAM- TTC TCTAGC AGT GGG ACA GCC -TAMRA −3’
were used to detect M-gene based NDV.Master mix reagents per 25 μL reaction were used fromQiagen one-step RT-PCR kit: 5
μL PCR buffer (5x), 0.5 μL of each primer forward and reverse (20 pmol), 1 μL of probe (6 pmol), 0.8 μL of deoxynucleotide
triphosphates, 1.25 μL of 25 mMMgCl2, 0.5 μL of 13.3 u/μL of RNase inhibitor (Promega), 1 μL Qiagen enzyme mix, 6.45 μL
Rnase free water and 8 μL of extracted RNA. Real-time PCR was performed using an Applied Biosystems 7500 fast real-time
PCR machine. For amplification, reverse transcription at 50°C for 30 min and at 95°C for 15 min was followed by 40 cycles of
denaturation at 94°C for 10 s, annealing at 52°C for 30 s and extension at 72°C for 10 s.18 Probe-based fluorescent dye signals
were calculated at the extension step of each cycle, and the cycle threshold (Ct) for each sample was observed. The samples that
have a Ct value <35 were positive and samples that have >35 Ct value were negative for M genes based on rRT-PCR.19

Results
Clinical Findings
The common clinical signs suggesting Newcastle disease recorded in this study were twisting of the head (Figure 1A),
depression (Figure 1B), paralysis of wings (Figure 1C) and paralysis of legs and twisting of the head (Figure 1D). During
outbreak investigation of 9 poultry farms a total of 13,000 chickens reared under semi-intensive and intensive poultry
farms were examined for Newcastle disease. Out of 13,000 chickens observed 2443 chickens were showing clinical signs
and 1233 chickens had died. Overall rates of 18.8%, 9.5% and 50.5% morbidity, mortality and case fatality, respectively
were observed in the study area (Table 2).

Postmortem Findings
The NDV infected chickens were examined and gross pathological changes were recorded. Postmortem examination of
recently dead and humanely killed chickens infected with NDV showed hemorrhagic ulcer in the intestine wall
(Figure 2A), enlarged spleen (Figure 2B), degeneration and multifocal necrosis in the liver (Figure 2C) and pin-point
hemorrhages in proventriculus (Figure 2D).

Isolation of Newcastle Disease Virus
The present study revealed that among 44 pooled tissue samples of naturally infected chickens, NDV was isolated from
17 (38.63%), as indicated in Table 3. Cytopathic effect was observed in all inoculated samples with clear, small plaques
on the DF-1 cell line early from the 3rd day of inoculation. An initial cytopathic effect was observed as small round cells
which reflected the light. The foci and syncytia formation occur after a time which causes cell death and detachment from
tissue culture plate (Figure 3B arrows).

In this finding, the virus was isolated from different tissue organs collected from field outbreaks. The descriptions of
the isolates by sample type are presented in the Table 4.

Reverse Transcriptase Real-Time Polymerase Chain Reaction
A total of 17 isolate samples of RNA were extracted and tested by reverse transcriptase-polymerase chain reaction (RT-
PCR) for M gene-based NDV and all of the isolates were positive by RT-PCR. The samples and control RT-PCR
amplification curve are indicated in Figure 4B. Ct values ranging from 20.7–34.00 of positive samples, 22.0 ct value of
positive control and no ct value for negative control were observed by Applied Biosystems 7500 PCR machine and are
indicated in Figure 4B.
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Discussion
Newcastle disease is a severe viral infection existing worldwide including Ethiopia. The current study was performed for
isolation and molecular detection of the virus from active outbreaks.

The current study revealed that distinctive clinical signs of NDV such as twisting of the head and neck, paralysis of
wings and legs, depression, ruffling of feather and gasping were observed in the affected chickens. This result was in

Figure 1 Clinically diseased chickens suspected of NDV infection. Symptoms include (A) twisting of the head, (B) depression, (C) paralysis of the wings and (D) paralysis of
the legs and twisting of the head.

Table 2 Status of NDV in the Study Area

District No. of Susceptible/
Flock Size

No. of
Affected

No. of
Death

Morbidity
Rate (%)

Mortality
Rate (%)

Case
Fatality
Rate (%)

Sebeta 2500 718 440 28.72 17.6 61.3
Bishoftu 3000 300 100 10 3.33 33.3

Sululta 1000 500 31 50 3.1 6.2

Nifas silk 750 67 41 8.9 5.5 61.2
Kolfe 2700 405 300 15 11.11 74

Yeka 3050 453 321 18.7 10.5 70.8

Total 13,000 2443 1233 18.8 9.5 50.5
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agreement with the results of previous studies.20–22 A previous report18 shows enlargement and inflammation of eyes,
diarrhea, dizziness and lack of appetite were reported which is a slight variation from this finding. However, the clinical
signs of Newcastle disease vary depending on the host organs affected.

From a total of 13,000 chickens observed during outbreaks, 2443 were identified as diseased chickens and 1233
had died. The overall morbidity, mortality and case fatality rates observed in infected chickens in the study area were
18.7%, 9.5% and 50.5%, respectively. According to one study21, 21.21% mortality was reported from chickens exposed
to outbreaks of ND. Similarly, Saidu and Abdu23 reported a 97.7% mortality rate which is higher than the present finding.
This variation might be associated with the immunity status of the chickens and strain of the virus.

Necropsy was conducted on infected chickens with NDV and gross pathological changes were recorded. Postmortem
finding of infected chickens with NDV showed hemorrhagic ulcer in the intestine wall, enlarged spleen, degeneration and

Figure 2 Gross pathological lesions of NDV-infected chickens. (A) intestine of infected chicken showed hemorrhagic foci that appeared dark red from external view, (B)
enlarged spleen, (C) degeneration and multifocal necrosis in the liver, (D) proventriculus of infected chickens showing ecchymotic hemorrhages.

Table 3 Number of Samples Collected and Cultured Positive Samples from Different NDV
Suspected Outbreak Investigations of Chickens

Districts Type of Sample
Cultured

Number of Sample
Cultured

Culture Positive
Samples

Culture
Positivity %

Origin Sebeta Tissue 16 6 37.5%
Bishoftu Tissue 8 2 25%

Sululta Tissue 4 2 50%

Nifas silk Tissue 4 1 25%
Kolfe Tissue 4 2 50%

Yeka Tissue 8 4 50%

Total 44 17 38.63%
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multifocal necrosis in the liver and pin-point hemorrhages in proventriculus. These results were in line with some other
reports.21,24–26 Hemorrhagic laryngotracheitis, congestion and edema of the lungs have been reported27; the reported
lesion is different from the present study, and this variation may be due to different strains of NDV that can affect
different organs of the chickens. In this study, the observed lesions were indicative of ND depending on the observed
gross pathological lesions. Nevertheless, pathogenicity examinations are obligatory to be conducted to estimate the
virulence of the virus.7

The current study showed that from 44 pooled specimens of necropsy examination, NDV was isolated from 38.63%
(17/44) samples using DF-1 chicken fibroblast cell line. Isolation of virulent NDV from infected chickens confirms the
presence of NDV in the study area. The isolated virus from clinical samples reveals characteristics of NDV cytopathic
effect, i.e. rounding of cells, formation of syncytia and cell death. Relatively large number of syncytia was found in the
isolates which is related with the virulence of the virus. This finding was in close agreement with previous reports16,27

which found that NDV was isolated from suspected birds and the same CPE characteristics were reported in their
findings. In the present study, the virus was isolated from different organs of infected chicken samples, with 54.54% from
the brain, 54.54% from the lung and trachea, 36.36% from the intestine and 9% from pooled liver, kidney, spleen and
heart. According to one report16, NDV was isolated 100% from the spleen, brain, trachea and colon by using chicken
embryo fibroblast cell, which is higher than the present study. This variation may be due to the virus load in those organs
during infection.

Reverse transcriptase real-time PCR was used, due to its high sensitivity, high specificity, efficiency and mostly its
capacity for detecting the virus. Newcastle disease virus was detected from pooled tissue of 17/44 (38.63%) examined
chickens. All 17 isolated viruses were positive by reverse transcriptase real-time PCR. The amplification of matrix gene
from isolate samples confirmed the chickens were exposed to Newcastle disease. This finding was in agreement with
a report28 which isolated and identified the virus from suspected Newcastle disease in Ethiopia by reverse transcriptase
real-time PCR.

Figure 3 ND virus grown on DF-1 cells. (A) uninfected monolayer of DF-1 cell and (B) DF-1 cells infected by NDV showing cytopathic effect (arrows).

Table 4 Newcastle Disease Isolation Rate from Tissue Samples of Chickens

Sample Type No. of Samples No. of Positive samples (%)

Brain 11 6 (54.54)

Lung and trachea 11 6 (54.54)

Intestine 11 4 (36.36)
Pool of liver, spleen, heart and kidney 11 1 (9.5)

Total 44 17 (38.63)
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Conclusion
The present study revealed that NDV was isolated and detected from active outbreaks in the study areas. It is the primary
viral disease in poultry farms in these areas and causes significant economic losses. The current finding also showed that
NDV is the most important viral infection causing the death of birds managed in the different production systems in the
study areas. Fast identification and isolation of the virus are very important for the prevention and control of the
infection. The occurrence of ND in poultry farms of the study area should be considered as the causative agent of poultry
death in the study areas. Therefore, further molecular characterization is required to identify the strain of virus circulating
in the study area. Awareness training for chicken farmers about the impacts of Newcastle disease infection and regular
strategic vaccination are essential.

Statistical Analysis
The data obtained from field and laboratory results were recorded, coded and entered into a Microsoft Excel spreadsheet.
Statistical analysis was performed by Statistical Package for Social Sciences (SPSS) version 20. Descriptive statistics
including frequencies and percentages were used and results were summarized using tables.
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