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A B S T R A C T 
 
CAV is usually propagated on MDCC cell-culture and because this type of cells are not available in Egypt. 
We have used Vero cell line instead.  CAV was propagated fourteen serial passages in Vero cell culture. 
The cytopathic effect in cell culture (CPE) was characterized vacuolation of the infected monolayers and 
subsequent detachment.  Vacuolation of the infected monolayers started by the 7th day post infection (DPI) 
then began to appear more early by the successive passage to reach the 2nd DPI cell. The highest virus titer 
was 7.6 log10TCID50 /ml in Vero cell culture obtained by the 10th passage. Studying the growth kinetics of 
CAV in Vero cell culture indicated that the highest total virus yield was 7.6log10TCID50/ml by 72 hours 
post cell infection. Complete inactivation of CAV was obtained after 72 hours at 37oC using 0.2% formalin. 
Complete virus inactivation was confirmed by 3 successive passages in Vero cell culture showing absence 
of CPE and FAT showing negative reaction. 
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1. INTRODUCTION  

hicken anemia virus (CAV) is a 
ubiquitous and highly resistant virus 
of chickens that causes anemia and 

death in chicks less than 3 weeks of age and 
immunosuppressant in chickens older than 3 
weeks of age [1]. 
The isolation of virus in SPF chicks or in cell 
cultures (MDCC-MSBI cells) is laborious 
and time consuming so that, the virus 
infection has been diagnosed rapidly by 
detecting the virus DNA by PCR in tissue 
samples from infected birds [2]. 
Susceptibility of MDCC to CAV was 
measured by the number of cells positive for 
viral antigen in immunofluorescence (IF) 
tests at 3-10 days post infection using direct 
florescent antibody technique [3].   

In Egypt, a local isolate of CAV was 
successfully propagated in VERO and CEF 
cells where the CPE was characterized by 
vacuolation of the infected monolayers and 
subsequent cell detachment while no obvious 
CPE was detected in BHK and MDBK cell 
cultures [4], [5]. For CAV inactivation, 0.2% 
formalin was used for 72 hours at 37oC [6], 
[7]. 

The present work aims to inactivate CAV 
adapted on Vero cell culture as a preliminary 
study to prepare an inactivated vaccine. 

2. MATERIALS AND METHODS 

2.1. Virus strain: 

    Commercial chicken anemia virus (CAV) 
vaccine adapted and propagated on MDCC 
cell line was kindly supplied by Inter Vet 
Company. CAV-VAC is live virus vaccine 
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prepared from a modified US field isolate of 
chicken anemia virus (CAV). 

2.2. African green monkey kidney cell line 
(VERO). 

    It was kindly supplied by the Department 
of Pet Animal Vaccine Research; Veterinary 
Serum and Vaccine Research Institute, 
Abbasia, Cairo. 

2.3. Growth kinetics of CAV in cell cultures. 

    The used cell cultures were seeded in 
Leighton's tube containing cover slips then 
infected with the highest virus passage where 
the cell free; cell associated and total virus 
yield were determined on regular intervals 
post cell infection till harvesting. 

2.4. Staining of cell cultures: 

Normal and infected cell cultures prepared 
on cover slips were stained with hematoxilin 
and eosin to demonstrate the induced CPE 
(8). 

2.5. Virus titeration:  

Titrations of the propagated CAV in Vero 
cell culture was carried out using the micro-
titer technique [9] and the virus titer was 
calculated as log10TCID50/ml [10]. 

2.6. CAV hyper immune serum conjugated with 
fluorescent isothiocyanate:  

CAV hyper immune serum, prepared in chickens 
and conjugated with fluorescent isothiocyanate 
was supplied kindly by VSVRI and used in the 
direct FAT to confirm the presence of CAV in 
the used infected cell. 

2.7. Direct fluorescent antibody technique 
(FAT).  

Direct FAT was carried out on infected cell 
cultures using conjugate of hyper immune 
serum against CAV [9]. 

2.8. Virus inactivation.  

The CAV pool obtained from Vero cell 
culture was freeze-thawed three times, and 
centrifuged at 15000 rpm, for 20 min, to 

eliminate the cell debris. The CAV 
suspension was inactivated by the addition of 
0.2% formalin solution and incubation at 
37°C for 72 h.  
The complete inactivation of the CAV virus 
was checked by making 3 serial passages in 
Vero cell culture, and checking the absence 
of virus by direct immunofluorescence [6].  
Samples were obtained from the virus 
formalin mixture every 6 hours in screw 
capped tube and tested by virus titration to 
ensure complete virus inactivation. 
Inactivation process was stopped by addition 
of cold sodium thiosulphate with a final 
concentration of 2% and the inactivated virus 
was transferred into another clean container 
after inactivation to ensure that no virus fluid 
escaped during inactivation process on the 
neck of the vessel. 

3. RESULTS 

Propagation of CAV in African green 
monkey kidney (Vero), showed that the 
cytopathic effect (CPE) was characterized by 
vacculation of the infected monolayers and 
subsequent cell detachment.This result was 
demonstrated in photo (2) in comparison to 
normal control Vero cells in photo (1).  

 Photo 1. Normal Vero cell culture (H&E-40x) 
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Photo 2. Vero cell culture infected with CAV (H&E-
40x) showing cell detachment and subsequent 
vacculation 

Vacculation of the infected monolayers 
started by the 8th day post infection (DPI) 
then began to appear more early by the 
successive passage to reach the 2nd DPI. 

Examination of infected Vero cell culture 
using direct fluorescent antibody technique 
(FAT) with specific antiserum conjugated 
with fluorecin-isothyocyanate confirmed 
that the detected CPE in infected Vero cell 
culture is induced by the CAV. The 
technique revealed the presence of intra 
nuclear inclusions reflected by positive FAT 
as apple green reaction in comparison to 
normal control Vero cells showing absence 
of specific fluorescence.  

Serial propagation of CAV in African green 
monkey kidney (Vero), showed that the virus 
titer is increased gradually by serial passage 
and the highest virus titer was 7.6 
log10TCID50/ml obtained by the 10th virus 
passage. These results are tabulated in table 
(1). 

Studying the growth kinetics of CAV 
showed that, in the first hours post cell 
culture infection, it was noticed that the cell 
associated virus titer was higher than that of 
the cell free then began to become of lower 
values. The highest total virus yield was 
obtained by 72 hours post cell infection 
(7.6log10TCID50/ml) as demonstrated in 
table (2). 

Table (1): Effect of serial passage of CAV in Vero 
cells on onset of CPE and virus titer. 

Number 
of 

Virus 
passage 

Onset 
of 

CPE 

Time of 
harvesting 

Virus titer 
(log10TCID50/ml) 

1 8DPI* 10DPI 0.5 
2 8DPI 9DPI 0.8 
3 7DPI 9DPI 1.5 
4 6DPI 8DPI 2.5 
5 5DPI 7DPI 4.0 
6 4DPI 6DPI 5.0 
7 3DPI 5DPI 6.0 
8 2DPI 3DPI 7.0 
9 2DPI 3DPI 7.6 
10 2DPI 3DPI 7.6 

*DPI= days post infection 

It was found that Vero cell culture adapted 
CAV, harvested at its 10th passage and 
subjected to inactivation process using 0.2% 
formalin for 72 hours at 37oC, lost its 
infective titer in a liner manner where it was 
0.5 log10TCID50/ml/6hours from 6-48 
hours then the virus loss was 1.0 
log10TCID50/ml/6hours from 54-72 hours 
reaching complete inactivation by 72 hours 
post starting of the inactivation process as 
demonstrated in table (3) and figure (3). 
Complete virus inactivation was confirmed 
by 3 successive passages in Vero cell culture 
showing no detection of CPE and FAT 
showing negative reaction. 

Photo 3. Infected cell cultures with CAV showing 
positive FAT as apple green reaction (40 xs) 
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Table (2): Growth kinetics of CAV in VERO 
cell culture 

Hours post 
cell 

infection 

Virus Titer (log10 TCID50/ml) 
Cell 
Free 
Virus 

Cell 
Associated 

Virus 

Total 
Virus 
Yield 

1 0 ≤ 0.5 ≤ 0.5 
2 0 0.5 0.6 
3 ≤ 0.5 1.0 1.5 
4 0.6 2.0 2.1 
5 0.8 2.4 2.5 
6 1.0 4.0 3.8 

12 1.5 4.5 5.0 
36 5.0 2.0 6.5 
48 5.7 1.0 7.0 
60 6.5 1.0 7.0 
72 7.0 0.5 7.6 

 
 Table (3): Loss of CAV titer through the 
inactivation process 

Hours of 
inactivatio

n 

Virus titer 
(log10TCID50/ml

) 

Loss in virus 
titer 

(log10TCID50/ml
) 

0 7.6 0.0 
6 7.5 0.1 

12 6.5 
↑ 
 
 

0.5 
 
 
↓ 
↑ 

1.0 
↓ 

18 6.0 
24 5.5 
30 5.0 
36 4.5 
42 4.0 
48 3.5 
54 2.5 
60 1.5 
66 0.5 
72 0.0 

 
4. DISCUSSION 
 

In this respect there were very little available 
data that described propagation of CAV in 
Vero cell culture but it was reported that 
chicken anemia agent (CAA) can be 
propagated in an established cell line derived 
from Marek's disease (MD) lymphoma 
(MDCC-MSB1)(11). The cytopathic effect of 
CAV in the infected MSB-1 cells was first 
evident following the fifth passage [12]. In 
vitro conditions, CAV replicates only in 
transformed chicken cell lines, which indicate 

that at least a part of the CAV life-cycle 
requires transformed-like cellular events [13]. 
In these transformed cell lines, the synthesis 
of the apoptin protein alone mimics the CAV-
induced apoptosis, whereas the VP2 protein 
also harbors some apoptotic activity. 
Extensive studies on apoptin resulted in the 
characterization of domains essential for its 
apoptotic activity and nuclear localization, 
which seems to be related with its ability to 
induce apoptosis. Therefore, both VP2 and 
apoptin are of interest in reducing the 
pathogenicity of CAV infections. A series of 
biomedical studies on apoptin have been 
carried out in human cell systems, which are 
informative about the mechanism of CAV-
induced apoptosis in chicken (transformed) 
cells. Synthesis of apoptin alone induces 
apoptosis in various human transformed 
and/or tumorigenic cell lines, but not in 
normal human diploid cells.  

CAV propagatedin Vero cells showed a CPE 
that characterized by vacuolation of the 
infected monolayers with subsequent cell 
detachment. Vacuolation of the infected 
monolayers started by the 8th DPI then began 
to appear more early by the successive 
passages to reach the 2nd DPI. These results 
come in agreement with the works in which 
CAV is propagated in CEF and Vero cell 
cultures [4], [5], [14], [15]. 

To confirm that the detected CPE in infected 
Vero cell culture is induced by the CAV; 
direct fluorescent antibody technique (FAT) 
was carried out on infected cell cultures using 
specific antiserum conjugated with fluorecin 
isothyocyanate. The technique revealed the 
presence of intra nuclear inclusions reflected 
by positive FAT as apple green reaction.  

FAT was used for detection of CAV agent in 
infected cells by many workers, the incidence 
of CAV in infected CEF and Vero cell culture 
was confirmed through the application of 
direct FAT [5]. Cux1 isolate of chicken 
anemia virus (CAV) was passaged over 320 
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times in Marek's disease virus transformed 
chicken lymphoblastoid (MDCC-MSB1) 
cells and indicated that the yields of 
infectious virus increased with passage 
number  and the viral antigen was detected 
using FAT [16]. The presence of antibodies 
against CAV in breeder flocks in Argentina is 
determined by indirect immune fluorescence 
testes [17]; infection of mononuclear cells 
derived from various chicken lymphoid 
tissues with CAV was detected by (IF) 
staining of cytospin preparations of 
mononuclear cells [18], which shown that the 
greater numbers of cells containing CAV 
antigens were in spleen and bone marrow 
cultures than in thymus cultured under the 
same conditions. A serological survey of 
antibodies against CAV was conducted in 
some commercial chicken flocks by indirect 
immune fluorescence technique (IFT) using 
MSB-1cells (lymphoblastoid cell line from 
Marek’s disease lymphoma) [19]. 

Apoptin, a small protein encoded by chicken 
anemia virus (CAV) was expressed in various 
human hematologic malignant cell lines 
derived from leukemia and lymphoma by 
immune fluorescence staining [20].  

A serological survey on the prevalence of 
chicken anemia virus (CAV) infection was 
performed by using the indirect immune 
fluorescence (IF) and the virus neutralization 
(VN) tests in commercial Hungarian chicken 
populations. By the indirect IF test, a total of 
846 serum samples from 13 meat-type parent 
flocks of two breeds were investigated 
between 10 and 62 weeks of age [21]. 

Infected MSB-1 cells following at least five 
blind passages of chicken anemia virus was 
identified by using technique indirect 
immune fluorescence technique (IFT) [12];  

Susceptibility of cell lines represented six 
phenotype groups of T cells based on the 
expression of CD4, CD8, TCR-2and 
3surfases markers to CAV infection was 

evaluated by the number of cells positive for 
viral antigen in  immune fluorescence test at 
3-10 days post infection (3). They mentioned 
that cell susceptibility to CAV was measured 
by the number of cells positive for viral 
antigen in immune fluorescence (IF) tests at 
3-10 days post infection.  

In Egypt CAV specific antigen was 
demonstrated using immune-fluorescence, in 
infected MDCC-MSB1 cells [22] and in 
EAH-infected MDCC-MSB1 cells, derived 
from Marek’s disease lymphoma, with the 
use of a monoclonal antibody specific for 
CAV [23].  

CAV specific immune fluorescence (IF) and 
cytopathic effect were detected at very low 
levels at 2 days post infection, with an 
additional passage of infected cells into fresh 
medium being required to produce high levels 
of infectious virus [24]. Indirect fluorescent 
antibody technique identified infected MSB-
1 cells following at least five blind passages.  

Studying the growth kinetics of CAV showed 
that on the first hours post cell culture 
infection, it was noticed that the cell 
associated virus titer was higher than that of 
the cell free then began to become of lower 
values. The highest total virus yield was 
obtained by 72 hours post cell infection 
(7.6log10TCID50/ml). Closely similar 
results reported that the Cux1 isolate of 
chicken anemia virus (CAV) was passaged 
over 320 times in Marek's disease virus 
transformed chicken lymphoblastoid 
(MDCC-MSB1) cells and indicated that the 
yields of infectious virus increased with 
passage number [5], [16]. It was also found 
that Vero cell culture yielded the CAV titer 
higher than that obtained by CEF [4].  

Vero cell culture adapted CAV at its 10th 
passage was subjected to inactivation 
process using 0.2% formalin for 72 hours at 
37oC. It was found that the loss in virus titer 
was liner where it was 0.5 



Inactivation of chicken anemia virus  

60 
 

log10TCID50/ml/6hours from 6-48 hours then 
the virus loss was 1.0 log10TCID50/ml/6hours 
from 54-72 hours reaching complete 
inactivation by 72 hours post starting of the 
inactivation process. Complete virus 
inactivation was confirmed by 3 successive 
passages in Vero cell culture showing no 
detection of CPE and FAT showing negative 
reaction. There are no available data fully 
describe or discuss the inactivation of CAV 
but the present results come in agreement 
with the study which obtained complete 
inactivation of CAV with 0.2% formalin 
after 72 hours confirming such inactivation 
by FAT which showed absence of CAV in 
infected cell cultures [6] and [7]. 

4. REFERENCES 

1. Miller, M.M.; Ealey, K.A.; Oswald, 
W.B.; Schat, K.A. 2003. Detection of 
chicken anemia virus DNA in embryonal 
tissues and egg shell membranes. Avian 
Dis. 47: 662-71. 

2. Tham, K.M. and Stanislawek, W.L. 
1992. Detection of chicken anemia agent 
DNA sequences by the polymerase chain 
reaction. Archiv. Virol. 127: 245-255. 

3. Calnek, B. W. ; Lucio , B. ; Cardona , C. 
; Harris , R. W. ; Schat , K. A. and 
Buscaliga,C.2000.Comparative 
susceptibility of Mareks disease cell lines 
to chicken infectious anemia virus . 
Avian Dis.44:114-124. 

4. AI-Ebshshy, E.M.M. 2013. Molecular 
and biological characterization of 
chicken anemia virus (CAV) in 
commercial broiler flocks in EL-Behera 
Province, Egypt. PH.D. Vet. 
Sci.(virology) Fac. vet. Med. Alex. Univ. 

5. Eiaka, A.M. 2013. Some studies on 
propagation of chicken infectious anemia 
virus in different cell cultures M. Vet. 
Sci. Thesis (Virology), Fac. Vet. Med. 
Benha Univ. 

6. Pag`es-Mant´e, A., Saubi, N., Artigas, C. 
and Espu˜na, E. 1997. Experimental 

evaluation of an inactivated vaccine 
against chicken anaemia virus. Avian 
Pathology. 26:721–729. 

7. Abeer, S. A., El-Maghraby, H. 2010. 
Evaluation of the immune response of 
chicken to fowl cholera vaccine and 
infectious coryza vaccine under the 
effect of live attenuated chicken anemia 
virus vaccine Ph. D. Thesis 
(Bacteriology- Immunology-Mycology) 
Fac. Vet. Med. Cairo Univ. 

8. Carleton, H.M. 1967. Histological 
technique. 4th Ed New York, London 
and Toronto oxford Univ. press. 

9. Burleson, F.G.; Chambers, T.M. and 
Wiedbrank, D.L. 1997. Virology: 
alaboratory manual. Academic 
Press/Harcourt Brace Jovanovich, New 
York. pp. 216-8233. 

10. Reed, L.J. and Muench, J.A. 1938. A 
simple method of estimating 50 percent 
end point .Amer.J.Hyg. 72:493-494. 

11. Yuasa, N., Taniguchi, T.  Goda, M.; 
Shabitani, M.; Imada, T. and Hihara, H. 
1983.     Isolation of chicken anemia 
agent with MDCC-MSB1 cells from 
chicken in the field. Nat. Inst. Anim. Hlth 
Quarterly, 23:75-77. 

12. Rozypal, T.L; Skeeles, J.K. Dash, J.K. 
Anderson, E.J. and Beasley, J.N. 1997. 
Identification and partial characterization 
of Arkansas isolates of chicken anemia 
virus. Avian Dis. 41:610-6. 

13. Noteborn, M. H M., D. Todd, C. A J. 
Verschueren, H. W. de Gauw, W. L. 
Curran, S. Veldkamp, A. J. Douglas, M. 
S. McNulty, A. J. van der Eb, and G. 
Koch.1994. A single chicken anaemia 
virus protein induces apoptosis. J. Virol 
68:346–351. 

14. Noteborn, M.H. 2004. Chicken anemia 
virus induced apoptosis: underlying 
molecular mechanisms. Vet. Microbial 
98:89-94. 

15. Chiu, C.S.; Hong, C.Y.J.; Lee, J.J.J.; 
Hisao, M.; Chueh, L.L. and Chiu, C.S. 
2001. A taiwanse isolate of chicken 



Abou-Dalal et al. (2013) 
 

61 
 

anemia virus induces apoptosis in the in 
vitro culture cells. J. Chinese Soc. Vet. 
Sci. 27:74-79. 

16. Todd D, Conner T J, Juli, Creelan, 
Borghmans, B.J, Viola M Calvert and 
McNulty M.S.1998. Effect of multiple 
cell culture passages on the biological 
behavior of chicken anemia virus. Avian. 
Pathol.  27:74-79.  

17. Celina Buscaglia; Carlos F. Crsettp and 
Pablo Nervi 1994. Identification of 
chicken infectious anemia isolation of 
the virus and reproduction of the disease 
in Argentina. Avian pathology, 23:297-
304. 

18. McNeilly, F., Adair, B.M. & McNulty, 
M.S. 1994. In vito infction of 
mononuclear cells derived from various 
chicken lymphoid tissues by chicken 
anemia virus. Avian pathol. 23, 547– 
556. 

19. Zaki, M.M. and El-Sanousi, A.A. 1994. 
A serological survey of antibody against 
chicken anaemia agent in some 
commercial chicken flocks using indirect 
immunofluorescent technique. 
Veterinary Medical Journal Giza. 42:53-
58. 

20. Zhuang, S.M.; Landegent, J.E. ; 
Verschueren, C.A.; Falkenburg, J.H.; 
Van Ormondt, H.; Vander, E.B.A.J and 
Noteborn, M.H.M. 1995. Apoptin a 
protein encoded by chicken anemia virus 

, induces cell death in various human 
hematologic malignant cells in vitro 
Leukemia. Cancer Research. 1:118-120. 

21. Dren,C.; Farkas, T. and Nemeth, I. 1996. 
Serological survey on the prevelance of 
chicken anemia virus infection in 
Hungarian chicken flocks. Vet. Microb. 
50:7-16. 

22. Hussein, H.A. Sabry, M.Z.; El-Ebiary, 
E.A.; El-Safty, M. and AbdEl-hady 
2001. Chicken infectious anemia virus in 
Egypt: molecular diagnosis of the virus 
in infected flocks by PCR and isolation 
of the virus from infected flocks using 
polymerase chain reaction.  Proc. XIII 
Inter.Cong.of the world Vet. Poult. 
Assoc., Cairo, Egypt, 303. 

23. Mona M. Aly 2001. Isolation of chicken 
infectious anemia virus from outbreaks 
in broilers chickens in Egypt. J. Vet. 
Med. Assoc. 61:137-147. 

24. Jorge Luiz Chacon; Eliana Ottati 
Nogueira; Liana Brentano; Cleide R. 
Gomes; Claudete Serrano Astolfi- 
Ferreira; Laura Villarreal; Antonio Jose 
Piantino Ferreira 2010. Detection of 
chicken anemia virus and infectious 
bursal disease virus co-infection in 
broilers, 1 department of pathology of 
College of veterinary medicine, 
University of Sao Paulo, Sao Paulo-SP. 
Brazil embrapa Suinos e aves, 
Concordia-Sc, Brazil page 293. 

 



Inactivation of chicken anemia virus  

62 
 

 
 
 

 

 

 .تثبيط فيروس أنيميا الطيور المعدي

  2محمد حسن خضير ،  2سوزان كامل طلبة، 2 جبر فكرى الباجورى ،1 سماح السيد أبودآلل
  جامعة بنها -كلية الطب البيطرى  - لفيرولوجياا قسم 2،  القاهرة -العباسية -معهد بحوث األمصال واللقاحات البيطرية 1

  

  الملخص العربي

أستخدمنا خالیا ونظرا لعدم توافر هذا النوع من الخالیا فى مصر  MDCCخالیا على فیروس أنیمیا الطیور غالبا یتم تمریر 
تم تمریر فیروس أنیمیا الطیور عشر مرات متتالیة فى خالیا كلي القرد االخضر بدال منها.  خالیاكلي القرد االخضر االفریقى

الحظة التأثیر المرضى للفیروس علي هده الخالیا ممثلة في استدارة الخالیا ثم ظهور فجوات بین خلویة ثم موت . تم ماالفریقى
تمرىرة الیوم السابع بعد العدوي ثم ظهرت مبكرا في الفىبین خلویة الفجوات ال. بدأظهور ستزراعالخالیا وانفصالها عن سطح اال

قرد االخضر كلي الا خالی أن اعلى عیاریة للفیروس فىوقد وجد  . لثاني بعد العدويالیوم ا فىر و ظهبدأت فى الالتالیة الي ان 
 ریقىكلي القرد االخضر االفا خالیفىدراسة منحني النمو للفىروسب. عند التمریرة العاشرة 7.6log10TCID50/mlتبلغ  االفریقى

تماما . تم تثبیط الفیروس )7.6log10TCID50/ml( ساعة من الحقن 72بعد  كانتلفیروس كلیة لعیاریة أعلى وجد أن 
درجة  37عند درجة حرارة  ساعة 72وتمت عملیة التثبیط بعد معالجة الفیروس لمدة  %0.2مادة الفورمالین بتركیز باستخدام
حیث لم تظهر أي أثار مرضیة  Vero في خالیاتمریرات متتالیة للفیروس المثبط  3وللتأكد من تمام عملیة التثبیط تم عمل سیلیزیة

  .الومیض الفلوریسنتي المناعي المباشر الختبارعلي الخالیا وأعطي نتیجة سلبیة 
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