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Brief Communication

Newcastle disease (ND) is a highly contagious viral disease 
of poultry caused by virulent avian avulavirus 1 (avian para-
myxovirus 1; Newcastle disease virus [NDV]; family Para-
myxoviridae, genus Avulavirus).12 ND is listed by the World 
Health Organization for Animals (OIE), and considered the 
fourth most problematic disease of poultry.1,4,5 In China, 
intensive vaccination with lentogenic NDV strains is com-
monly used to control ND outbreaks. However, chronic NDV 
infections still occur frequently in vaccinated flocks accom-
panied by subclinical signs and atypical lesions, which makes 
ND more difficult to diagnose at an early stage of infection.

Virus isolation (VI) and reverse-transcription PCR (RT-
PCR) remain the definitive assays for NDV detection.15 
Meanwhile, a wide variety of detection methods, such as 
slide enzyme-linked immunosorbent assay (ELISA),2 multi-
plex RT-PCR,10 nested RT-PCR,3 real-time PCR,8,13,16 and 
microarray,11 have been developed successfully for NDV 
detection. However, those methods have limited application 
in many diagnostic laboratories because they are time- 
consuming and require special instruments and professional 
skills. We evaluated an immunochromatographic strip test 
for the detection of NDV in a clinical or field environment.

The NDV standard strain F
48

E
8
 was obtained from the 

China Institute of Veterinary Drug Control (Beijing, China). 
Field isolates were kindly provided by the China Animal 
Health and Epidemiology Center (Qingdao, China), South 
China Agricultural University (Guangzhou, China), and 
Xinxiang University (Xinxiang, China), respectively. The 

lentogenic strains La Sota and Clone 30 were obtained from 
Harbin Weike Biotechnology Development (Harbin, China), 
Harbin Pharmaceutical Group Bio-Vaccine (Harbin, China), 
Yangling Green Biological Engineering (Xianyang, China), 
Qianyuanhao Biological (Beijing, China), Zhejiang Nuobei-
wei Biology Technology (Hangzhou, China), and Beijing 
Veterinary Biological Products Factory (Beijing, China), 
respectively; strains F and HB1 were from Guangxi Liyuan 
Biology (Nanning, China). The mesogenic strain Mukteswar 
was obtained from Guangxi Liyuan Biology, Qilu Animal 
Health Products (Jinan, China) and Jilin Zhengye Biological 
Products (Jilin, China). The avirulent strain V4HR was 
obtained from Jiujiang Bomeilai Biological Products  
(Jiujiang, China).

837320 VDIXXX10.1177/1040638719837320NDV immunochromatographic stripLi et al.
research-article2019

Key Laboratory of Animal Immunology, Henan Academy of 
Agricultural Sciences, Zhengzhou, China (Li, Wang, Sun, Liu, Ma, Yang, 
Zhao, Luo, Guo, Deng); College of Animal Husbandry and Veterinary 
Sciences, Henan Agricultural University, Zhengzhou, China (Y Zhang, G 
Zhang); Jiangsu Co-Innovation Center for the Prevention and Control of 
Important Animal Infectious Disease and Zoonoses, Yangzhou University, 
Yangzhou, China (G Zhang).

*These authors contributed equally to this work.

1Corresponding author: Gaiping Zhang, College of Animal Husbandry 
and Veterinary Sciences, Henan Agricultural University, Zhengzhou 
450002, China. zhanggaip@126.com

Evaluation of an immunochromatographic 
strip for detection of avian avulavirus 1 
(Newcastle disease virus)

Qingmei Li,* Li Wang,* Yaning Sun, Jinling Liu, Fansu Ma, Jifei Yang, Dong Zhao, 
Yuhang Zhang, Jun Luo,  Junqing Guo, Ruiguang Deng, Gaiping Zhang1 

Abstract. We evaluated an immunochromatographic strip for the detection of avian avulavirus 1 (Newcastle disease virus, 
NDV) based on a high-affinity monoclonal antibody (mAb) that specifically recognizes the hemagglutinin-neuraminidase 
(HN) protein. The anti-HN mAb was labeled with colloidal gold as the detector. A chicken anti-NDV polyclonal antibody 
and staphylococcal protein A (SPA) were blotted on the nitrocellulose membrane for the test and control lines, respectively. 
The strip specifically recognized the NDV antigen with no cross-reactivity to other viruses that were examined. Furthermore, 
it specifically recognized a variety of NDV isolates, including virulent and attenuated strains. These results were confirmed 
using hemagglutination (HA) and RT-PCR assays. The NDV detection strip detected 104.9 EID

50
 viruses/0.1 mL in the NDV-

infected sample, which is comparable to the classical HA test (105.2 EID
50

/0.1 mL). Following experimental infection, NDV 
was detected using the detection strip in infected tissues as early as 36 h after experimental infection and prior to development 
of clinical signs and appearance of gross anatomic lesions. The diagnostic sensitivity and specificity of the NDV detection strip 
for NDV infection were 83.3% and 100%, respectively, as confirmed by RT-PCR.
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Six-wk-old female BALB/c mice were purchased from 
the Laboratory Animal Center, Zhengzhou University 
(Zhengzhou, China). Ten-d-old specific pathogen–free (SPF) 
chicken eggs and 15-d-old chickens were obtained from Bei-
jing Merial Vital Laboratory Animal Technology (Beijing, 
China). One-d-old chickens were provided by Henan Agri-
cultural University (Zhengzhou, China) and raised to 12 wk 
old without vaccination under strictly controlled conditions.

NDV-infected tissues were obtained from chickens that 
were naturally infected with NDV and exhibiting classical 
signs and lesions. Furthermore, certain samples were obtained 
from chickens experimentally infected or immunized with 
NDV standard strain F

48
E

8
 or the vaccine strain La Sota. 

Uninfected samples were obtained from 15-d-old SPF chick-
ens. Infectious bursal disease virus (IBDV) vaccine (strain 
B87) was obtained from Harbin Weike Biotechnology Devel-
opment, Marek’s disease virus (MDV) vaccine (strain Fc-126) 
and infectious laryngotracheitis virus (ILTV) vaccine (strain 
K317) from Harbin Pharmaceutical Group Bio-Vaccine, and 
infectious bronchitis virus (IBV) vaccine (strain W93) from 
Liaoning Yikang Biological (Liaoyang, China). Egg-drop 
syndrome virus (EDSV-76; strain AV-127) was obtained from 
the China Institute of Veterinary Drugs (Beijing, China). The 
avian influenza A virus (subtypes H5, H7, and H9) hemag-
glutination inhibition (HI) test antigens were obtained from 
Harbin Weike Biotechnology Development.

A set of mAbs specific for NDV were obtained by immu-
nizing mice with the purified NDV strain F

48
E

8
 as described 

previously.9 Briefly, spleen cells isolated from immunized 
mice were fused with NS0 myeloma cells using polyethylene 
glycol 1500 (Roche Diagnostics, Mannheim, Germany).17 
Hybridoma supernatants were screened for specific binding 
to NDV antigen by an immunoperoxidase monolayer assay.9 
Fourteen hybridomas secreting antibodies to NDV were iso-
lated and cloned by limiting dilution. The mAbs were then 
purified from ascitic fluid by a caprylic acid and ammonium 
sulfate precipitation method.14 A high-affinity mAb (4D2), 
which was shown to recognize specifically the HN protein of 
most NDV isolates, yielded high HI activity (Table 1). This 
mAb was then used as a conjugated antibody.

Twelve-wk-old chickens were immunized 4 times at 2-wk 
intervals with the NDV live vaccine (La Sota strain) and the 
inactivated vaccine (Harbin Weike Biotechnology Develop-
ment). Chickens were bled 10 d after the last injection, and 
sera were collected; the antibody titer against NDV was 1:211 
by an HI test (Table 1). The chicken anti-NDV polyclonal 
antibody (pAb) IgG was then purified by ammonium sulfate 
precipitation and used for the test line blotting.

The purified mAb 4D2 was labeled with colloidal gold 
(~30 nm diameter) as described previously.6 Conjugated 
mAb was then dispensed (XYZ 3000 dispenser; Bio-Dot, 
Irvine, CA) to fiberglass pads (G041 glass fiber conjugate 
pad sheets; Millipore, Billerica, MA) to generate conjugate 
pads. On a 2-cm nitrocellulose membrane (Hi-Flow Plus 135 
2 mil backing master roll slit width 2.0 cm; Millipore), the 
chicken anti-NDV pAb (1 mg/mL) and staphylococcal  

protein A (SPA; 0.2 mg/mL; Sigma-Aldrich) solutions were 
dispensed as test and control lines at a speed of 1 μL/cm, 
respectively. The fiberglass sample pad, conjugate pad, blot-
ted nitrocellulose membrane, and filter paper absorption pad 
were assembled on the support board (Shanghai Liangxin 
Technology, Shanghai, China) sequentially, with 1–2 mm 
overlapping each other and cut into 2.8-mm pieces (CM 
4000 cutter; Bio-Dot), which was then placed into a cassette 
(Shanghai Liangxin Technology).

To detect NDV in tissues and vaccines, the sample solu-
tion (80–120 μL) was applied to the NDV detection strip and 
placed horizontally for 10–15 min. If NDV was present in the 
effluent, the colloidal gold–labeled mAb dissolved and recog-
nized the NDV antigen; the NDV-mAb complexes were then 
captured by the chicken anti-NDV pAb immobilized on the 
test line, and the excess colored mAb was trapped by SPA on 
the control line, forming 2 red lines on the membrane, which 
was recorded as a positive result. In the absence of NDV, the 
immobilized pAb on the test line was unable to trap the col-
loidal gold conjugate, resulting in the single control line, 
which was considered to be a negative result (Fig. 1).

Table 1.  Anti–Newcastle disease virus (NDV) antibodies used 
in the NDV detection strip.

Antibody

Subtype
Concentration 

(mg/mL) HI titer UsageHeavy Light

mAb 4D2 IgG2b κ 4.2 1:29 Conjugate
Chicken pAb NT 4.5 1:211 Test line

HI = hemagglutination inhibition; mAb = monoclonal antibody; NT = not tested;  
pAb = polyclonal antibody.

Figure 1.  Detection of Newcastle disease virus (NDV) using 
the NDV immunochromatographic strip. The sample solution (80–
120 μL) was applied to the NDV detection strip at S and placed 
horizontally for 10–15 min before observing the result. If both the 
test and control lines turned red, the sample was considered NDV 
positive. The sample was considered negative when only the control 
line (not the test line) was colored. No control band appearing on 
the membrane suggested that the testing procedure was improper or 
the strip invalid.
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The La Sota sample containing 107.3 50% embryo infec-
tious dose (EID

50
)/0.1 mL virus was 2-fold serially diluted 

and tested by the NDV detection strip. The HA test and RT-
PCR were performed as references to test the sensitivity of 
the strip.15 The colored membranes were screened (TSR-
3000 plate reader; Bio-Dot), and data acquisition was con-
ducted (AIS software v.6.0; Bio-Dot). The NDV detection 

strip detected as little as 104.9 EID
50

/0.1 mL NDV in the sam-
ple, which was comparable to the HA test (105.2 EID

50
/0.1 

mL; Fig. 2, Table 2). However, this test was less sensitive 
than RT-PCR (104.0 EID

50
/0.1 mL).

The NDV isolates and vaccine strains, as well as the 
infected specimens from various areas, were identified by  
RT-PCR in advance, and positive samples were selected to 

Figure 2.  Determination of the sensitivity of the Newcastle disease virus (NDV) immunochromatographic strip. A. The La Sota culture 
(107.3 EID

50
/0.1 mL) was 2-fold serially diluted from 1:21 to 1:211, and diluted samples were then applied to the NDV detection strip and 

placed horizontally for 10–15 min before observing the result. B. The colored membranes were screened under a TSR-3000 Reader, and 
relative optical density (ROD) values were analyzed by AIS software.

Table 2.  Sensitivity of the Newcastle disease virus detection strip compared with HA and RT-PCR assays.

Sample dilution Virus titer (EID
50

/0.1 mL)

Strip test

HA test RT-PCRROD Result

1:2 107.0 153.85 + + +
1:4 106.7 152.48 + + +
1:8 106.4 107.55 + + +
1:16 106.1 90.47 + + +
1:32 105.8 86.76 + + +
1:64 105.5 41.73 + + +
1:128 105.2 16.41 + + +
1:256 104.9 11.30 + − +
1:512 104.6 10.17 − − +
1:1,024 104.3 5.26 − − +
1:2,048 104.0 6.29 − − +
PBS 0 5.69 − − −

+ = positive; − = negative; HA = hemagglutination; PBS = phosphate-buffered saline: ROD = relative optical density; RT-PCR = reverse-transcription PCR.
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determine specificity of the NDV detection strip. Meanwhile, 
the NDV-vaccinated and normal tissues as well as the other 
virus samples, including AIV, IBDV, MDV, IBV, ILTV, and 
EDSV-76, were used as negative controls. The NDV detec-
tion strips detected NDV antigen in 12 NDV isolates, 18 vac-
cine strains including La Sota (6), Clone 30 (6), F (1), B1 (1) 
Mukteswar (3), and V4HR (1), and 25 infected specimens, 
which were identified as positive by the reference RT-PCR 
(Table 3). No positive band was observed on the strips that 
were tested in samples of the vaccinated (0 of 30) or normal 
(0 of 30) tissues, as well as other poultry viruses (e.g., IBDV, 
MDV, ILTV, IBV, EDSV-76, and AIV [H5, H7, H9 subtypes]; 
Fig. 3).

Evaluation of assay repeatability within and between 
batches was performed as described previously.7 Fifteen 
NDV-infected tissues from experimentally NDV-infected 
chickens and 15 normal samples from SPF chickens were 
selected for the repeatability test, which were identified by 
RT-PCR. For intra-assay (within batch) repeatability, 3 repli-
cates of each sample were assigned in the same batch strips; 
3 replicates of each sample were run with strips from differ-
ent batches for interassay repeatability. A similarly colored 
test line was generated by NDV-infected samples applied to 
NDV detection strips (n = 3) from the same batch, as well as 
those from 3 different batches, indicating good repeatability 
of the NDV detection strip.

To determine storage life, NDV detection strips were 
placed in a plastic bag sealed with desiccant. The strips were 

then examined for specificity and sensitivity by testing the 
NDV vaccine strain La Sota as well as NDV-infected, vac-
cinated, and normal tissues at 0, 3, 6, 9, 12, and 18 mo after 
storage. Valid results were obtained in tests of NDV detec-
tion strips sealed with desiccant in a plastic bag at room 
temperature for up to 18 mo (Table 4).

Thirty-five, 15-d-old, SPF chickens were experimentally 
challenged with 106 EID

50
 of NDV standard strain F

48
E

8
 by 

nasal and eye-drop routes; 20 chickens were inoculated with 
the vaccine strain La Sota as controls. The F

48
E

8
-infected 

chickens showed obvious nervous signs of torticollis and 
opisthotonus at 36 h post-infection (hpi) followed by diar-
rhea and respiratory distress at 48 hpi and began to die at 
56–72 hpi, whereas the La Sota–vaccinated chickens were 
healthy and without any clinical signs. To confirm NDV 
infection, 3–5 of the infected chickens, or chickens that 
died, and 4 of the vaccinated chickens were selected at dif-
ferent times post-inoculation (Table 5), the tissues (lung, 
spleen, cecal tonsil, intestine, and glandular stomach) were 
dissected from each chicken, and these samples were tested 
using the NDV detection strip and RT-PCR, respectively. 
NDV antigens were detected from lung (1 of 5) and spleen 
(1 of 5) at 24 hpi and from all samples (25 of 25) at 36 hpi 
by the NDV detection strips, with a total positive rate of 
72.6% (127 of 175; Table 5). NDV RNA was detected from 
lung (1 of 5) at 12 hpi and from all tissue types (6 of 25) at 
24 hpi, with a total positive rate of 75.4% (132 of 175). 
These results demonstrated that the strip test and RT-PCR 

Table 3.  Specificity of the Newcastle disease virus (NDV) detection strip test.

Sample

NDV strip test

Positive rate (%)Positive Negative Total

NDV strain  
  Total isolates 12 0 12 100
  La Sota 6 0 6 100
  Clone 30 6 0 6 100
  F 1 0 1 100
  HB1 1 0 1 100
  Mukteswar 3 0 3 100
  V4HR 1 0 1 100
Chicken tissue  
  NDV-infected 25 0 25 100
  NDV-vaccinated 0 30 30 0
Related virus*  
  SPF 0 30 30 0
  IBDV 0 1 1 0
  MDV 0 1 1 0
  ILTV 0 1 1 0
  IBV 0 1 1 0
  EDSV-76 0 1 1 0
  AIV (H5/H7/H9) 0 3 3 0

* See text for definition of abbreviations.
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could detect NDV in infected tissues at 36–120 hpi with 
97.1% confidence (170 of 175). Conversely, neither NDV 
antigen nor RNA was detected from any samples (0 of 100) 
from La Sota–vaccinated chickens using the NDV detection 

strip or RT-PCR (Table 5). The experimental procedure was 
authorized and regulated by the Ethical and Animal Welfare 
Committee of Key Laboratory of Animal Immunology, 
Henan Academy of Agricultural Sciences, China.

Figure 3.  Determination of the specificity of the Newcastle disease virus (NDV) immunochromatographic strip. The diluted NDV 
strains F

48
E

8
 and La Sota, the tissues from NDV-infected, vaccinated, and SPF chickens. The related virus vaccines and detection antigens 

were applied to the NDV detection strips and placed horizontally for 10–15 min before observing the result.

Table 4.  Sensitivity and specificity of the Newcastle disease virus (NDV) detection strip test at various storage times.

Storage time (mo)

Sensitivity Specificity

La Sota
(EID

50
/0.1 mL)

NDV-infected chicken 
tissues

NDV-vaccinated chicken 
tissues Normal tissues

0 104.9 + − −
3 104.9 + − −
6 104.9 + − −
9 104.9 + − −
12 104.9 + − −
18 105.2 + − −

+ = positive; − = negative.

Table 5.  Detection of Newcastle disease virus antigen in the infected or vaccinated chickens.

Post-infection time

F
48

E
8
 infection La Sota vaccination

Strip RT-PCR Coincidence (%) Strip RT-PCR Coincidence (%)

12 h 0/25* 1/25 96 NT NT NT
24 h 2/25 6/25 84 0/20 0/20 100
36 h 25/25 25/25 100 NT NT NT
2 d 30/30 30/30 100 NT NT NT
3 d 30/30 30/30 100 0/20 0/20 100
4 d 25/25 25/25 100 NT NT NT
5 d 15/15 15/15 100 0/20 0/20 100
10 d NT NT NT 0/20 0/20 100
14 d NT NT NT 0/20 0/20 100
Total 127/175 132/175 97.1 0/100 0/100 100

NT = not tested; RT-PCR = reverse-transcription PCR.
* Positive number/total sample number including lung, spleen, cecal tonsils, intestine, and glandular stomach.
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To validate the NDV detection strips, 1,023 tissue samples 
including lung (213), spleen (219), cecal tonsils (202), intes-
tine (184), and glandular stomach (205) were collected from 
15 different chicken flocks in Henan province, China. NDV 
RNA was detected by RT-PCR in 6 of 1,023 tissues from diag-
nostic chicken submissions; 5 of these 6 samples were NDV 
antigen–positive as tested by the NDV detection strips (Table 
6). Using RT-PCR as a reference, the diagnostic sensitivity 
(DSn), diagnostic specificity (DSp), and accuracy of the NDV 
detection strip were calculated as 83.3%, 100%, and 99.9% 
according to the formula: DSn = TP/(TP + FN); DSp = TN/
(TN + FP), and accuracy = (TP + TN)/total number of samples 
tested, in which TP, FP, TN, and FN indicated true positive, 
false positive, true negative, and false negative, respectively.7

NDV antigen was detected by the NDV detection strip in 
lung and spleen of virulent F

48
E

8
 NDV–infected chickens as 

early as 24 hpi, which was earlier than the appearance of 
clinical signs and gross anatomic lesions; tests remained 
positive throughout the infection. Conversely, NDV antigens 
failed to be detected from chickens vaccinated with the La 
Sota strain. These results suggested that the viral load of 
NDV in chicken tissues has significant differences between 
virulent and attenuated strains. The virulent NDV strains 
multiply rapidly and accumulate in the respiratory system, 
leading to severe lesions, whereas low-virulence strains, 
such as La Sota, induced no obvious disease because of 
reduced viral replication. Our study clearly demonstrated 
that the NDV detection strip had similar sensitivity and spec-
ificity to HA and RT-PCR for the detection of NDV infection 
of chickens in the field.
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Table 6.  Comparison of the Newcastle disease virus (NDV) 
detection strip with reverse-transcription PCR (RT-PCR) for 
clinical samples.

NDV 
detection strip

RT-PCR reference

Positive Negative Total

Positive 5 (TP) 0 (FP) 5
Negative 1 (FN) 1,017 (TN) 1,018
Total 6 1,017 1,023

FN = false negative; FP = false positive; TN = true negative; TP = true positive.
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