
Chapter 6 
Persistent Infection of Turkeys with an Avirulent Strain of  

Turkey Hemorrhagic Enteritis Virus 
 

6.1  Abstract 

 

The Virginia Avirulent Strain (VAS) of Turkey Hemorrhagic Enteritis Virus 

(THEV), which is commonly used in live vaccines for commercial turkeys, was studied 

to determine characteristics of infection. It has been observed that turkeys infected with 

the VAS maintain protective antibody levels in excess of 20 weeks post-vaccination. It is 

theorized that this immune response is modulated by either a persistent or latent infection. 

A series of studies have been undertaken to determine changes in virus location and 

serology over time. A trial was also conducted to evaluate the effect of corticosteroid 

administration on viral recrudescence. An attempt was made to isolate live virus from 

tissues of birds 10 weeks post-infection (pi). Antibody titers were determined by ELISA. 

Polymerase Chain Reaction (PCR) and Agar Gel Immunodiffusion (AGID) assays were 

used to detect viral DNA and protein in tissues. Histopathology was performed on 

formalin-fixed paraffinized tissues. Development of immunoperoxidase (IPA) and in situ 

hybridization (ISH) assays were not successful. 

Viral DNA was detected in various tissues through 15 weeks pi in the presence of 

high antibody titers. Viral DNA was detected at 3-5 dpi in the spleens of susceptible 

turkeys inoculated with tissues from birds at 10 weeks pi. It is unknown whether the viral 

DNA is associated with live virus or rather is the result of persistent maintenance of the 

viral genome within lymphoid / macrophage target cells. Future studies will test for viral 

RNA in order to confirm the presence of replicating THEV. Regardless of the actual 

status of the THEV DNA detected at 10-15 weeks pi, it is clear that THEV does not cause 

a simple acute infection. The characteristics of THEV infection are identical to the non-

lytic persistent infections seen in human adenoviruses. THEV may serve as a model for 

study of virus-cell interactions mediating persistence. 
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6.2 Introduction 

 

Hemorrhagic enteritis (HE) is a disease of turkeys caused by THEV resulting in 

depression, splenomegaly, hemorrhagic diarrhea, immunosuppression, and mortality. 

Mortality is dependent on the virulence of the particular strain with up to 80% mortality 

observed in experimentally inoculated turkeys (Pierson and Fitzgerald, 2003). 

Gastrointestinal lesions in turkeys infected with virulent strains of THEV (THEV-V) 

consist primarily of mucosal congestion and hemorrhage that is not thought to be directly 

caused by viral cytolysis. Very few infected cells are found associated with the intestinal 

epithelium in the presence of lesions, and hemorrhage is believed to be the result of 

endothelial disruption rather than destruction (Gross and Moore, 1967; Opengart et al., 

1992; Suresh and Sharma, 1996). Experimental immunosuppression by corticosteroid and 

cyclosporine A administration causes a decrease of lesion severity without affecting viral 

replication, suggesting a link to histamine and T-lymphocyte mediated inflammatory 

responses (Suresh and Sharma, 1995; Opengart et al., 1992; Fitzgerald et al., 1995). 

Naturally occurring avirulent strains of THEV (THEV-A) have been isolated that 

replicate efficiently in turkeys, producing splenomegaly and transient 

immunosuppression, but not resulting in mortality or intestinal lesions (Domermuth et al., 

1977, 1979a, b; Silim et al., 1978). The Virginia Avirulent Strain (VAS) has been used as 

a live-virus vaccine for decades, with no reported reversion to a virulent phenotype 

(Fadly et al., 1985; Domermuth et al., 1977; Thorsen et al., 1982). 

It has been observed that turkeys infected with THEV maintain protective 

antibody levels in excess of 20 weeks post-vaccination. It is hypothesized that this 

immune response is modulated by either a persistent infection or viral latency. A series of 

studies were undertaken to determine changes in virus location and serology over time. 

The purpose of this research was to determine whether the VAS is capable of persistent 

infection of susceptible turkeys. 
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6.3 Materials and Methods 

 

Virus 

The virus used in all of the studies was the Virginia Avirulent Strain (VAS), 

which was originally isolated in 1977 from enlarged spleens of pheasants suspected of 

having marble spleen disease (Domermuth et al., 1977). It has been maintained as a low 

passage splenic HE vaccine strain, with 5-6 live-bird passages performed since 1985.  

 

DNA Extraction 

DNA extraction of samples in studies 1 and 2 was performed using InstaGene 

Matrix (BioRad). Briefly, spleens were homogenized 50:50 v/v in sterile phosphate 

buffered saline (PBS). 200 uL tissue homogenate was added to 200 uL InstaGene Matrix, 

mixed well, and incubated at 56°C in a hot water bath for 30 minutes. Following 

incubation, samples were vortexed thoroughly and incubated in a 100°C heat block for 8 

minutes. Samples were then centrifuged at 15,000 rpm for 10 minutes at room 

temperature in a microcentrifuge (Tomy MTX-150). Supernatants were collected stored 

at -20°C until use in subsequent PCR amplifications. 

DNA extraction of samples in study 3 was performed using the QiaAmp DNA 

Minikit (Qiagen), according to the blood and body fluids protocol. DNA was eluted in 

100 uL buffer AE, and stored at -20°C until use. 

 

PCR 

 PCR reactions were performed using primer sets amplifying a region of the hexon 

gene (Table 1). All PCR reactions were performed in an iCycler thermocycler (BioRad). 

For nested PCR, the first round of amplification was performed with primer set A, and 

the second round was performed with primer set B. The same basic thermocycler 

program was used for all PCR amplification (Table 2). After amplification, products were 

electrophoresed on a 1% agarose gel containing ethidium bromide at 100 V for about 1  

 152



 153

 

 

 

 

 

Table 6-1: PCR Primers 

Name PositionP

+
P Sequence (5′ to 3′) Amplicon 

size 

Amplicon 

ID 

HEV14521 14521 ctg tag cca aga acc act a 

HEV14122 14122 gtt cct tca cct aat act gg 
399 bp A 

nHEVL 14138 gtg gtt cag cag aaa gtt ctt 

nHEVR 14410 cag tag act cat aag caa cta t 
270 bp B 

HEVrtL 14160 cct aca aca gag gga gct agt tg 

HEVrtR 14329 cac tgc cag att tac cag ca 
160 bp C 

P

+
PNucleotide position relative to VAS sequence 

 

 

 

Table 6-2: PCR Thermocycler Program 

Temperature Time Cycles

95°C 3 minutes 1x 

95°C 30 seconds 

58°C 30 seconds 

65°C 45 seconds 

35x 

4°C infinite hold 



hour. Positive reactions were identified as bright bands that were of expected size as 

compared to a 1 kb ladder standard. 

 

ELISA 

 Serum antibody titers were determined by ELISA. Anti-THEV antibodies were 

detected using the Hemorrhagic Enteritis Virus Antibody Test Kit (Synbiotics) according 

to manufacturer’s instructions. Titers were calculated according to kit manual. In study 2, 

all weekly serum samples (day zero through 14 weeks pi) from each bird were run on the 

same 96-well plate to minimize errors due to plate-to-plate variation. 

 

Experimental Procedure 

 

Experiment 1:  

 A time course study was conducted to determine the distribution of viral DNA in 

infected turkeys over a ten week period. Seventy, 7 week-old turkeys were orally 

inoculated with 100 TID50 of the VAS. Thirty, seven week-old turkeys were not 

inoculated and kept apart from the infected birds for the duration of the study to serve as 

negative controls. Prior to inoculation (day 0), five birds from the infected and two from 

the control group were bled, sacrificed, and samples of  bursa, thymus, bone marrow, 

cecal tonsil, duodenal patch, spleen, liver, and kidney were taken. On days 3, 5, 7, 9, 14, 

21, 28, 35, 42, 49, 56, 63, and 70 pi, similar samples were collected. Tissues were tested 

by nested PCR for the presence of viral DNA. Serum antibody titers were determined 

using an ELISA. 

 

Experiment 2:  

 A trial was conducted to evaluate the effect of corticosteroid administration on 

viral DNA detection in infected turkeys 15 weeks pi. Eighteen birds were orally 

inoculated with 100 TID50  of the VAS. Ten birds served as un-inoculated controls. Blood 

samples were taken every 7 days for 98 days, and PBLs and plasma was collected from 
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each sample. Two birds from each group were euthanized on day 101 pi and tissue 

samples were collected. Tissues included bursa, bone marrow, spleen, liver, and kidney. 

The remaining birds were divided into four groups based on viral inoculation and 

dexamethasone (Dex) treatment: 8 VAS+/Dex+, 8 VAS+/Dex-, 4 VAS-/Dex+, 4 VAS-

/Dex-. Birds in the Dex (+) groups were injected intramuscularly with 7 mg/kg of Dex on 

day 101-104. Half of the birds in each group were euthanized on day 103, and remaining 

birds were euthanized on day 105. Tissue samples were collected from all birds. Weekly 

serum antibody titers were determined by ELISA. PCR and Agar Gel Immunodiffusion 

(AGID) assays were used to detect viral DNA and protein in tissues and weekly PBL 

samples. Histopathology was performed on formalin fixed paraffinized tissues.  

 

Experiment 3:  

 A trial was conducted in order to determine whether or not live virus can be 

isolated from tissues of turkeys 10 weeks pi. Six, 6 week-old turkey poults were 

inoculated intravenously with 100 TID50 of the VAS and maintained in isolation for 10 

weeks pi. Three, 6 week-old turkey poults not inoculated with the VAS were used as 

controls. All birds were bled, euthanized by electrocution, and tissue samples were taken. 

Tissues included bursa, bone marrow, spleen, liver, and kidney. All tissues were 

homogenized in an equal volume of phosphate buffered saline (PBS) and frozen/thawed 

repeatedly. Homogenates were centrifuged and supernatants were collected to be used 

subsequently as inoculum. Five, 6 week-old turkey poults were inoculated with the 

supernatant from each tissue of the VAS infected birds. Tissues collected from the un-

inoculated control birds were pooled, and the supernatant from each tissue type was used 

to inoculate a group of ten, 6 week-old turkey poults. All supernatants were administered 

intravenously, with the exception of the bursal supernatants, which were orally 

administered. At three days post-IV inoculation (5 days post-oral inoculation) all birds 

were euthanized by cervical dislocation, weighed, and spleens were collected. Fifty un-

inoculated 6 week-old turkey poults were used as negative controls. Spleen:body weight 

ratios were calculated for each bird, and standard PCR was used to detect viral DNA in 
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each spleen. Statistical significance of spleen:body weight differences was calculated 

using the student’s t-test, using the Jump 4.0 statistics software (SAS Institute). 
 

Results 

 

Experiment 1:  

The PCR results and mean serum titers for each bird in experiment one are listed 

in Table 3. Serum antibody titers were detectable by 9 dpi and remained very high 

throughout the 10 week study. With three exceptions, all negative control tissues tested 

negative by nested PCR. Three out of the 272 tissues from un-inoculated control birds 

tested positive by nested PCR: 205CT; 237TH; and 238SP. This was likely due to 

contamination of the DNA extract after tissue collection, because no uninfected birds 

showed detectable seroconversion.  

The fewest number of PCR positive tissues was seen on day 3, prior to the 

expected peak viral load in the spleen at 5 dpi. Most of the tissues were positive on day 5, 

followed by a sharp drop in the average number of positives on day 7. This is possibly 

due to a sharp decrease in susceptible cell populations after apoptosis and necrosis in the 

spleen. It is known that cytotoxic/repressor T-lymphocyte populations increase in number 

after peak viral replication in the spleen. It is hypothesized that these cells are responsible 

for depressing lymphocytic growth in the spleen, bringing hyperplasia of the white pulp 

under control, and causing a brief period of immunosuppression. The highest average 

number of PCR positives was seen on day 9, concurrently with the first detectable 

antibody titers. Although the average number of PCR positive tissues leveled off at 

around 60% from day 14 through the end of the study, the number of positives in each 

tissue type varied widely. The overall percentage of PCR positive tissues are plotted 

along with the serum antibody titer in Figure 1. Figures 2-9 show in detail the changing 

number of PCR positives of each tissue type throughout the study. 
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Table 6-3: Experiment One PCR Results 
Bird 
ID Day Bursa Thymus Bone 

Marrow 
Cecal 
Tonsil 

Duod. 
Patch Spleen Liver Kidney Serum 

titer 
202 0 - - - - - - - - 0 
215 0 - - - - - - - - 0 
293 0 - - - - - - - - NA 
294 0 - - - - - - - - NA 
295 0 - - - - - - - - NA 
297 0 - - - - - - - - NA 
298 0 - - - - - - - - NA 
233 3 - - - - - - - - 0 
244 3 - - - - - - - - 0 
325 3 + + + - + + - - 0 
326 3 - - + - - + - - 0 
331 3 + - + - - + - - 0 
337 3 - - + + - + - - 0 
344 3 - + + - - - - - 0 
205 5 - - - + - - - - 0 
212 5 - - - - - - - - 0 
261 5 + + + + + + + + 0 
277 5 + + + + + + + + 0 
287 5 + + + + + + + + 0 
309 5 - + + - - + + - 0 
312 5 + + + + + + + + 0 
237 7 - + - - - - - - 0 
238 7 - - - - - + - - 0 
250 7 - - + - + - - + 0 
268 7 - + + - - - - + 287 
303 7 - + + + - + + - 0 
313 7 - + + - - + - - 0 
318 7 - + + + - + - - 0 
203 9 - - - - - - - - 0 
209 9 - - - - - - - - 0 
262 9 + + + + + + + + 3616 
271 9 + + + + + + + + 1649 
292 9 + + + + - + + + 264 
338 9 + + + + + + + + 824 
349 9 + + + + + + + + 238 
225 14 - - - - - - - - 0 
231 14 - - - - - - - - 0 
274 14 + + + + + + - + 3556 
291 14 + + + - - + - + 3549 
300 14 - + + - - + - + 4951 
321 14 + + + + + - - + 0 
347 14 + + + + + + - + 10793 
204 21 - - - - - - - - 0 
222 21 - - - - - - - - 0 
279 21 + - + + + + - + 345 
282 21 + + + + + + + + 3744 
306 21 - + + + - + - + 1738 
320 21 + + + + + - - + 2127 
328 21 + + + + + - - + 6727 
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Table 6-3 Continued: Experiment One PCR Results 
Bird 
ID 

Day Bursa Thymus Bone 
Marrow 

Cecal 
Tonsil 

Duod. 
Patch 

Spleen Liver Kidney Serum 
titer 

227 28 - - - - - - - - 0 
240 28 - - - - - - - - 0 
264 28 - + + - - + - + 25396 
284 28 + + + - - - - + 8477 
301 28 + + + - + + - + 53377 
315 28 + + + - + + - + 850 
329 28 + + + - - + - + 40982 
206 35 - - - - - - - - 0 
221 35 - - - - - - - - 0 
254 35 + + + - + + - + 8897 
288 35 + + + - + + - + 45004 
289 35 + + + - + - - + 60392 
304 35 + + + + + + - + 20072 
334 35 - - + - + - - - 47013 
228 42 - - - - - - - - 0 
239 42 - - - - - - - - 0 
270 42 - + + - - + - + 20421 
285 42 - + + + - + - + 36028 
307 42 + - + - + - - - 54560 
310 42 + + + + - + - + 47218 
322 42 + + + - - - + + 35298 
201 49 - - - - - - - - 0 
242 49 - - - - - - - - 0 
272 49 + + + - + + - + 45838 
275 49 + + + - - + + + 56822 
280 49 + - + - - + - + 55666 
316 49 - - + + + + + + 59689 
332 49 + + + - - + - - 33137 
232 56 - - - - - - - - 0 
247 56 - - - - - - - - 0 
253 56 + + + + + + - + 60637 
265 56 + - - + + - - + 60639 
323 56 - - + - - - - + 28995 
335 56 + + + - + + - + 70470 
348 56 + + + + + + - + 50586 
207 63 - - - - - - - - 0 
218 63 - - - - - - - - 0 
255 63 + + + - + + - + 44106 
257 63 + + + - - - + - 45917 
327 63 + + + + - - + + 57725 
336 63 + + - - - + - + 58181 
341 63 + - + - - + - + 55190 
217 70 - - - - - - - - 0 
236 70 - - - - - - - - 0 
248 70 - - - - - - - - 0 
251 70 + + + - - - - + 96745 
258 70 + + + - - + - + 64223 
333 70 + + - + - - - + 48266 
342 70 + - + + + - - + 63831 
345 70 + + + + + - - + 18123 
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Figure 6-1: Experiment One Percentage of PCR Positive Tissues in the Presence of 

Antibody 

Serum antibody titers first detectable by 7 dpi, increased through 28 dpi. Titer remained 

high throughout the 10 week study. The percentage of PCR positive tissues peaked at 5 

and 9 dpi, and remained steady at about 60% after the onset of significant antibody titers. 

Standard deviations of serum titers calculated using Excel (Microsoft).
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Figure 6-2: Experiment One PCR Results of Bursa Samples 
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Figure 6-3: Experiment One PCR Results of Thymus Samples 
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Figure 6-4: Experiment One PCR Results of Bone Marrow Samples 

 

 160



Cecal Tonsil

0

1

2

3

4

5

0 3 5 7 9 14 21 28 35 42 49 56 63 70

dpi

N
um

be
r (

+)

 
Figure 6-5: Experiment One PCR Results of Cecal Tonsil Samples 
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Figure 6-6: Experiment One PCR Results of Liver Samples 
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Figure 6-7: Experiment One PCR Results of Duodenal Patch Samples 

 

 161



Spleen

0

1

2

3

4

5

0 3 5 7 9 14 21 28 35 42 49 56 63 70

dpi

N
um

be
r (

+)

 
Figure 6-8: Experiment One PCR Results of Spleen Samples 
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Figure 6-9: Experiment One PCR Results of Kidney Samples 
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Bursa 

 The B-lymphocyte is one of the primary target cells for THEV, and the bursa is 

the site of B-lymphocyte maturation in the turkey. THEV DNA was first detected in the 

bursa on day 3. 4/5 bursas were positive on day 5, which is the time peak viral load is  

expected after oral inoculation. None of the bursas were positive on day 7, but most of 

the bursas tested from day 9 through the end of the study were positive.  

 

Thymus 

 The thymus is the site of T-lymphocyte maturation in the turkey, although antigen 

presenting cells such as macrophages and B-lymphocytes can be found there as well. 

THEV DNA was first detected in the thymus at 3 dpi, and remained in the thymus of 

most of the birds throughout the study.  

 

Bone Marrow 

 The bone marrow is the place where all lymphoid cells originate. The bone 

marrow was the most consistently positive tissue tested. All of the bone marrow samples 

tested from day 3 through day 49 were positive for THEV DNA. It is possible that 

persistently infected B-lymphocyte precursors could be responsible for the long-lasting 

DNA detection. 

 

Cecal Tonsil, Liver, Duodenal Patch 

 THEV DNA was only sporadically detected in the cecal tonsil, liver, and 

duodenal patch of infected birds. It is unknown if the distribution change is indicative of 

some cyclical variation in viral presence, or rather simple variation between birds 

sampled at each time point. Overall, the liver had the fewest positive results over the 

course of the study. The fact that the liver was negative on several days while other 

tissues such as the bone marrow and kidney were positive indicates that the widespread 

distribution of viral DNA was not due to viremia. If virus was circulating in the 

 163



bloodstream, the liver should have been positive more often. It is not expected THEV 

would even be capable of viremia in the presence of such high serum antibody titers. 

 

Spleen 

 The spleen is the primary site of viral replication during the first week pi. As 

expected, THEV DNA was found in most of the spleens tested, especially during the first 

two weeks. After the onset of high antibody titers, most of the spleens tested were still 

positive. 

 

Kidney 

 THEV DNA was first detected in the kidney on day 5. After a drop in the number 

of positives on day 7, almost all of the kidneys tested positive for the remainder of the 

study. It is possible that viral DNA detected in the kidney is the result of the collection of 

neutralized virus-antibody complexes after the onset of significant titers. However, it is 

not expected that immune complexes would persist for 10 weeks after acute infection. 

Other researchers have reported THEV-specific intra-nuclear inclusions in the epithelium 

lining the distal convoluted renal tubules of sero-positive turkeys. INIs in the kidney have 

not been experimentally reproduced, nor were they seen in any of these studies on THEV 

infection. 

PCR confirmed THEV DNA in various tissues of inoculated birds in the presence 

of significant antibody titers. The presence of viral DNA in these tissues suggests that the 

virus has found a way to evade the host immune system. 

 

Experiment 2: 

 Serum antibody titers reached detectable levels by 2 weeks pi, plateaued after 4 

weeks pi and remained consistently high throughout the 14 week study (Figure 10). With 

a few exceptions, all negative control tissues tested negative by nested PCR. Eleven of 

the 136 PBL samples from un-inoculated birds tested positive by nested PCR: day 0 

numbers 63, 64, and 66; day 7 number 58; day 21 numbers 58, 68, and 79; day 28  
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Figure 6-10: Experiment Two Percent PCR Positive PBL in the Presence of 

Antibody 

Serum antibody titer was first detectable at 7 dpi, and increased through 28 dpi. Antibody 

titer remained high in all infected birds throughout the 14 week study. PBL samples were 

PCR positive in 80-100% of samples taken during the first four weeks of the study. PCR 

positive percentage was decreased after the onset of significant antibody titers, but 

remained at 10-35% throughout the 14 week period. PBL samples were not collected at 

42 dpi. Standard deviations of serum titers calculated using Excel (Microsoft). 
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numbers 54 and 79; days 91 and 98 number 68. Four of the 50 tissues from un-inoculated 

control birds at time of sacrifice tested positive by nested PCR: 81BU; 70BM; 77BM; 

and 58BM. The samples were negative after one round of amplification, indicating the 

presence of only a very low level of viral DNA. These results were likely due to 

contamination of the DNA extract after tissue collection, because no uninfected birds 

showed detectable seroconversion. 

THEV DNA was detected in many of the PBL samples throughout the study 

(Table 4). All of the samples were positive on day 7, just after peak viral load in the 

spleen. The number of positive PBL samples declined through day 35, at which antibody 

titers had leveled off. PBL samples were not collected on day 42. By day 49 and beyond, 

fewer PBL samples were PCR positive. The number of PCR positives increased suddenly 

on day 91, but it is not known if this was merely variation. The fact that PBLs retain viral 

DNA in the presence of such constantly high antibody titers indicates THEV is capable of 

evading complete neutralization. 

Viral DNA was detected by nested PCR in various tissues at 15 weeks pi despite 

the presence of high antibody titers (Table 5). Overall, there were fewer positive tissues 

at 15 weeks pi than were found at 10 weeks pi in study 1. Only 2/18 bursa samples tested 

positive by PCR in this study compared with 5/5 bursas positive in study 1. Only 1/18 

kidney samples tested positive, compared with 5/5 in study 1. These are significant drops 

that suggest that perhaps the kidney and bursa lose persistent THEV 10-15 weeks pi. The 

number of PCR positives found in the other tissues is comparable to the results of study 

1. 6/18 spleen samples were positive, compared with 1/5 in study 1. 4/18 liver samples 

were positive, compared with 0/5 in study 1. The tissue that consistently had the most 

PCR positives was the bone marrow. 15/18 samples tested positive for THEV DNA, 

compared with 4/5 in study 1. This result confirms that THEV remains in the bone 

marrow long after the establishment of high antibody titers.  
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Table 6-4: Experiment Two PBL PCR Results 

Day Post-inoculation 
Bird 

0 7 14 21 28 35 42 49 56 63 70 77 84 91 98 
51 - + + + + + n/a + - + - - + + + 

52 - + + + + + n/a + + + + - - + + 

53 - + + + + + n/a - - - - - - + - 

55 - + + - + + n/a - - - - - - - - 

56 - + + + + - n/a - - - - - - + - 

59 - + + + + + n/a - - + - - - - + 

60 - + + + + + n/a - - - + + - + - 

61 - + + + + + n/a n/a n/a - - - - + + 

62 - + + + + + n/a - + - + - - - - 

63 + n/a - - + - n/a - - - - - - + - 

65 - + + + - + n/a + + - - - - + - 

66 + + + - + - n/a - + n/a - + - + - 

67 - + + + + + n/a - - - - + - + - 

71 - + + + + - n/a + + + - - + - + 

72 - + - + - + n/a - - - - - - - - 

74 - + + + + + n/a - - n/a + - - - - 

76 - + + + + - n/a - - - - - n/a + - 

80 - + + + + - n/a + - + - - n/a + + 

total 2 17 16 15 16 12 n/a 5 5 5 4 3 2 12 6 

 

n/a: Sample not available for testing 
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Table 6-5: Experiment Two Tissue PCR Results 

Number Positive/Number Tested 
Dpi 

Euthanized 

Dex 

Treatment Bursa 
Bone 

Marrow 
Spleen Liver Kidney 

101 None 0/2 1/2 2/2 0/2 0/2 

103 None 2/4 4/4 0/4 1/4 0/4 

103 2x7mg/kg 0/4 2/4 1/4 0/4 1/4 

105 None 0/4 4/4 1/4 0/4 0/4 

105 4x7mg/kg 0/4 4/4 2/4 3/4 0/4 
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Mild lymphoid depletion was evident in most of the birds receiving 

dexamethasone, but no lesions consistent with THEV infection were seen by 

histopathology. The effect of Dex on the number of PCR positive tissues was not 

obvious. There were fewer positive tissues in Dex birds (4/20) than untreated birds (7/20) 

at day 103. However, on day 105, there were more positive tissues in Dex birds (9/20) 

than untreated birds (5/20) (Figure 11). The significance of this should not be overstated, 

as it may be due to variation in invidual birds. Of the four liver samples that tested 

positive by PCR, three were from Dex-treated birds on day 105. This is more likely due 

to the demargination of lymphocytes in response to Dex than viremia, considering none 

of the tissues tested positive for THEV antigen by AGID. Regardless of the status of the 

THEV detected by the PCR, this indicates the viral DNA migrates along with 

lymphocytes. This may also explain why only 2/4 bone marrow samples and the only 

positive kidney were seen in Dex treated birds on day 103. 

 

Experiment 3:  

Spleen:body weight ratios of turkeys inoculated with tissues from THEV-A 

infected birds were significantly higher than un-inoculated controls, while spleen:body 

weight ratios of turkeys inoculated with tissues from uninfected birds were not (p<0.05). 

The difference in spleen:body weight ratio between birds orally inoculated with bursa 

from infected vs. uninfected birds was not statistically significant (p<0.05), indicating 

THEV-induced splenomegaly was not present in orally inoculated birds (Table 6, Figure 

12).  

The mean follicle count per section appeared to be elevated in birds inoculated 

with positive tissue, but results were not statistically significant (Figure 13). All spleens 

from birds inoculated with negative control tissues were PCR negative. Twelve of thirty 

spleens from birds inoculated with (+) bone marrow were PCR positive. Ten of thirty 

spleens from birds inoculated with (+) liver were PCR positive. Nine of thirty spleens 

from birds inoculated with (+) kidney were PCR positive. Six of thirty spleens from birds 

inoculated with (+) spleen were PCR positive, and only four of thirty spleens from birds  
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Table 6-6: Experiment Three Spleen-Body Weight Ratios 

Tissue Received 
N 

(turkeys)

Mean 

Spleen:BWx100 

Un-inoculated 50 0.086a

(-) liver 9 0.078a

(-) bone marrow 9 0.086ab

(-) spleen 10 0.090ab

(-) kidney 10 0.091ab

(-) bursa 10 0.095ab

(+) bursa 30 0.097b

(+) liver 30 0.114c

(+) spleen 30 0.114c

(+) bone marrow 30 0.116c

(+) kidney 30 0.119c

Values in column followed by different letters are significantly different (p<0.05) 
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Figure 6-12: Experiment Three Spleen-Body Weight Ratios 

Column with different letters are significantly different (p<0.05) 
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Figure 6-13: Experiment Three Mean Follicle Number by Inoculum 

Germinal centers in the spleen were counted in each spleen. Results were not 

 statistically significant, likely due to the smaller number of negative control birds. 
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orally inoculated with (+) bursa were PCR positive (Figure 14, Table 7). Tissue 

supernatants from infected birds 1, 2, and 3 seemed to produce more PCR positives in 

susceptible poults than supernatants from infected birds 4, 5, and 6 (Figure 15). The 

cause of this difference is unknown. 

 The increase in spleen:body weight ratio and PCR positive spleens at 3-5 days pi 

are consistent with THEV-A infection. However, characteristic intra-nuclear inclusion 

bodies (INIs) were not seen in the spleens, and the quantity of virus was too small to 

detect using AGID. Due to the dose-dependence of splenic lesions, it is possible the 

amount of virus in the inoculum was not great enough to cause INIs after one passage in 

vivo. It is also possible that there were INIs in sections of the spleen not examined by 

histopathology. 

 Alternatively, inoculation of the viral DNA alone may have caused an increase in 

spleen:body weight ratio. It is theoretically possible, though unlikely, that naked viral 

DNA could remain intact within the spleen of inoculated turkeys 3-5 dpi without viral 

replication. It is expected that if this were the case, a higher percentage of inoculated 

birds would have been positive. Only in two cases did the inoculum produce detectable 

DNA in 5/5 susceptible birds, which indicates a very low level of infectious virus rather 

than a defined amount of DNA within the inoculum. Future studies will determine the 

presence of viral RNA in inoculated turkeys, which would indicate the presence of an 

actively replicating virus. 

 

6.5 Discussion 

No histopathological changes were evident in infected turkeys at 10 or 15 weeks 

pi in any of the studies. Viral DNA was detected in various tissues for at least 15 weeks 

pi in the presence of high antibody titers. It is unknown whether the viral DNA is 

associated with live virus or rather is the result of lingering fragments of viral DNA 

within lymphocyte or macrophage target cells. Immunoperoxidase assays to detect viral 

antigen in tissues were not successful. 
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Table 6-7: Experiment Three PCR results 

Number PCR (+) / Number Tested 
Positive 

Bird ID 
Bone 

Marrow 
Liver Kidney Spleen Bursa Total 

1 3/5 3/5 1/5 3/5 2/5 12/25 

2 5/5 1/5 0 1/5 1/5 7/25 

3 3/5 2/5 5/5 0 0 10/25 

4 1/5 3/5 1/5 0 0 5/25 

5 0 0 2/5 2/5 0 4/25 

6 0 1/5 0 0 1/5 2/25 

Total 12/25 10/25 9/25 6/25 4/25 
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 Figure 6-14: Experiment Three PCR results by Tissue 
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Figure 6-15: Experiment Three PCR Results by Positive Bird Number 
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There are several possible explanations for the long term detection of THEV 

DNA in the tissues of infected turkeys. It is not expected that viral DNA could possibly 

remain indefinitely within the host without some sort of replication. Despite failures to 

confirm viral antigen within these tissues, there is a strong indication that some small 

quantity of THEV remains within the bird for at least several months after infection. This 

could be a persistent infection in mature B-lymphocytes, macrophages, and possibly 

lymphoid stem cells in the bone marrow. Persistence would be characterized by the 

ability to maintain a low level of infection in the presence of strong antibody response 

(McNees et al., 2004). Virions may be capable of hiding inside host cells for long periods 

of time. Macrophages are known to be infected by THEV, and it is very possible that this 

ability could prevent complete neutralization in vivo (van den Hurk, 1990).  

Though most details of the mechanism of adenoviral persistence are not 

understood, there seems to be a definite link to infection of lymphocyte and monocyte 

populations. Adenoviral DNA has been detected in T-lymphocytes isolated from human 

tonsils with no evidence of active viral replication. Viral genomic DNA was detected in 

cells not producing infectious virus, indicating a block of viral transcription preventing 

viral replication (McNees et al., 2004; Garnett et al., 2002). Infection of a human 

umbilical cord lymphocyte cell line resulted in production of infectious virus for months 

without cytopathic effect. Culture of these infected cells for months in the presence of 

neutralizing antibodies did not stop the infection, indicating the ability to establish a non-

lytic persistent infection (Andiman and Miller, 1982). A human monocyte cell line was 

able to support a persistent adenoviral infection for a year (Chu et al., 1992). Low levels 

of DNA have been found to persist in human B-lymphocytes (Flomenburg et al., 1996). 

B-lymphocytes and macrophages are considered to be the primary target cells in which 

THEV replicates productively. Viral DNA was not detected in T-lymphocyte fractions by 

ISH during peak infection, so it is unlikely that persistence of viral genomes occurs in T-

lymphocytes (Suresh and Sharma, 1996). However, a similar mechanism involving 

repression of viral transcription could be present in infected macrophages or B-

lymphocytes.  
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The ability of an adenovirus to enter a persistent state is dependent on its ability to 

maintain its genome while avoiding initiation of apoptosis (McNees et al., 2004). To that 

end, adenoviruses encode many genes that are responsible for takeover of host cellular 

machinery as well as evasion of the host immune response. In mastadenoviruses, the 

genes encoded by early region 1 (E1) are responsible for viral transcriptional activation 

and simultaneous repression of cellular transcription. Some E1 gene products push the 

cell into S phase, where viral replication is more favorable. These same gene products 

can cause the host cell to go into apoptosis, a cellular strategy to limit viral replication. 

Other E1 gene products are responsible for blocking apoptosis so viral replication can 

continue (Grand, 1987). When the host cell is a lymphocyte or macrophage, other viral 

genes responsible for limiting immune response are specifically up-regulated. In 

mastadenoviruses, genes in the early region 3 (E3) can prevent MHC-I expression on the 

surface of cells. This prevents proper antigen presentation by the infected cell and 

subsequent neutralization by cell-mediated immunity (Ginsberg et al., 1989). 

Adenovirus’s abilities to control the infected cell and prevent apoptosis are required to 

cause a persistent infection (Shenk, 1996). 

THEV may be capable of true latency, during which all viral replication stops and 

the viral genome remains dormant within infected cells. Generally, latent viruses can 

remain inactive for months or years, and then reactivate. This generally results in a period 

of viral shedding that may or may not include clinical disease (Jones, 2003). Virulent 

THEV causes acute clinical disease, but no recurrent outbreaks have been reported. It is 

unknown whether virulent strains of THEV are capable of such long-term persistence 

within infected birds. 

Regardless of the actual status of the THEV DNA detected at 10-15 weeks pi, it is 

clear that the VAS does not cause a simple acute infection. The characteristics of the 

VAS infection were identical to the non-lytic persistent infections seen in human 

adenoviruses. THEV may serve as a model for study of virus-cell interactions mediating 

persistence, despite the distant ancestry between siadenoviruses and mastadenoviruses. 

The fact that antibody titers remain high for the life of the infected bird indicates the virus 
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is capable of persistent infection, causing plasma cells to constantly produce antibodies. It 

is assumed that vaccinated birds produce high levels of antibodies to all viral proteins 

expressed during infection. If so, the ability of THEV-A to constantly stimulate antibody 

production makes it an ideal candidate for use as a vector in a polyvalent, recombinant 

live-virus vaccine.  
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Chapter 7 
General Conclusions, Discussion, and Future Research 

 

7.1 Summary 

 

 Sequence comparison of several strains of THEV confirmed that all isolates 

studied, regardless of host of origin, are the same species of virus. The full length genome 

of the Virginia Avirulent Strain (VAS) was shown to be 99.9% identical to the virulent 

field isolate from Israel (IVS). Further partial sequencing of commercial HE vaccines, 

virulent field isolates from Virginia, and naturally occurring avirulent strains confirmed 

the same degree of sequence identity between all of the strains studied. The fact that so 

few genetic changes have occurred spontaneously in the field over the last 30 years is 

proof of the stability of the THEV genome. This stability has prevented appearance of 

THEV-V strains that are resistant to the vaccines in use since the 1970s. Despite the lack 

of true consensus, differences between virulent and avirulent strains of THEV were 

discovered in the ORF1, E3, and fiber genes that may play a direct role in the formation 

of clinical HE lesions. 

 The two members of the genus Siadenovirus, Frog Adenovirus 1 (FrAdV-1) and 

THEV, were compared in a detailed analysis of their full length genome sequences. The 

major structural proteins, the hexon and penton, were found to be the most similar in 

sequence of all the viral genes. The fiber was extremely different, which is not surprising 

based on the fact the two viruses infect two different classes of vertebrates. The locations 

of all ORFs were found to be conserved, and sequence comparison allowed for prediction 

of promoter sequences.  

The study of persistent infection was the first research to specifically look at the 

presence of THEV DNA and antibody for up to 15 weeks post-infection (pi). Similar to 

some human adenoviruses, inoculation with the VAS was shown to result in a persistent 

infection characterized by detectable viral DNA and no detectable viral antigen in the 

presence of high antibody titers. It is likely that viral DNA is localized within infected 
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cells, replicating genomes but not actively expressing viral proteins. It is not known 

whether THEV then reactivates and causes productive lytic infection, or if it just remains 

in this persistent state perpetually. Dexamethasone did not have a clear impact on the 

number of tissues in which viral DNA was detected. Susceptible turkeys inoculated with 

tissues containing viral DNA at 10 weeks pi had enlarged and PCR positive spleens, 

consistent with THEV infection, but there were no visible INIs. It is possible that despite 

the lack of detectable INIs, there was indeed live virus in the inoculum. The presence of 

live virus in these birds could be further explored by looking for viral RNA after 

inoculation.  

It is tempting to speculate that persistent infection of plasma cells results in 

constant stimulation to produce antibodies, causing life-long production of an antibody 

response. This fits with the results that the bone marrow was the most consistent location 

of viral DNA at 10-15 weeks pi. 

 

7.2 Future Research 

 

Confirmation of Persistent Live Virus 

 The research presented in Chapter 6 was not able to confirm the presence of live 

THEV virions in infected birds at 10-15 weeks pi. There are several techniques that could 

be used to confirm or refute the presence of live virus. In vivo virus isolation resulted in 

splenomegaly and PCR positive spleens characteristic of THEV infection. However, no 

INIs were visible by light microscopy. It is possible that INIs were not seen because there 

were very few present, due to a low viral dose. Serial passage of the virus in the spleens 

of infected turkey poults could amplify the quantity to the point that INIs would be found 

easily. Reverse transcriptase PCR (RT-PCR) could be used to test for viral RNA, which 

would indicate the presence of replicating THEV. In addition, birds injected with the 

tissues from persistently infected turkeys could be tested for THEV antibodies at 2-4 

weeks pi. The susceptible poults should only seroconvert if viral antigens (presumably 

whole virions) were present in the inoculum. 
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Full-length infectious DNA clone 

Creation of a full length infectious DNA clone of the VAS is an important tool for 

the future of THEV research. Sequence data has strongly indicated that the fiber knob, 

ORF1, and E3 are genes with great variability between the strains tested. A full length 

infectious DNA clone will allow us to introduce and reverse point mutations in the viral 

genome and determine their effects on viral replication and pathogenesis. We will be able 

to systematically reverse changes found in the avirulent strain in order to determine 

which viral genes are responsible for virulence. Entire genes may be deleted in order to 

determine their role in the viral infectious cycle. This would allow for the further 

characterization of unknown viral genes such as ORF1, Hyd, ORF7, ORF8, and E3. In 

this way, the functions of the genus-specific genes can be experimentally determined. 

Insertion of non-viral genes could allow for easy detection of replicating virus in 

vivo. If a protein such as green fluorescent protein (GFP) was expressed during viral 

replication, the virus could be tracked without the need for PCR or immunohistochemical 

labeling. In addition to confirmation of live, replicating virus, the GFP tag would allow 

for the tracking of infectious virus in tissues beyond 15 weeks pi. Genes other than 

fluorescent tags could be added to the THEV genome using an infectious clone. Genes 

coding for epitopes or whole antigenic proteins of various avian pathogens could be 

added to the genome, resulting in a recombinant vaccine. 

An initial attempt at the creation of an infectious clone using homologous 

recombination in E. coli is described in Appendix B. The attempt failed when I was 

unable to extract intact genomic DNA from purified virions. There may be a better way 

to go about creation of the infectious clone. Systematic cloning of viral genes could be 

used to generate an infectious clone instead of homologous recombination. It would 

theoretically be possible to PCR-amplify and clone every THEV gene into an expression 

vector, one at a time (Figure 1). The promoters used to control transcription of the genes 

would ideally be cloned as well, in order to maintain the most natural infection possible. 

Considering that persistent infection of VAS is likely initiated by transcriptional de-

activation in certain cell-types, removal of the viral genes from a natural state could result  
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Figure 7-1: Alternative Method for the Creation of an Infectious DNA Clone of 

THEV  
Individual THEV genes could be systematically cloned into a vector under the control of 

promoter sequences found in the THEV genome.  
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in the loss of persistence. Transcription maps of THEV should be determined before this 

is attempted. Otherwise, hidden alternatively spliced genes necessary for viral infection 

may be excluded accidentally. 

Despite the frustrating failure of my initial attempts to construct the infectious 

clone, I am convinced of the importance of this project to future THEV research. In 

addition to the use of the VAS as a vector, a full-length infectious DNA clone will allow 

for an entirely new level of manipulation and experimentation with THEV. Creation of a 

full-length infectious DNA clone is the first step toward answers to fundamental 

questions about HE. 

 

Recombinant live-virus vaccine 

 An infectious DNA clone would be the ideal platform for the creation of 

polyvalent live-virus vaccines against other avian pathogens, especially Newcastle 

Disease Virus (NDV). Newcastle Disease is a serious avian disease with worldwide 

distribution that is of great economic significance. It is caused by NDV, also known as 

avian paramyxovirus-1, and there are three classes based on pathogenicity in chickens:  

velogenic, mesogenic, and lentogenic. Lentogenic (non-virulent) strains are widely used 

as live virus vaccines, but mild clinical disease may still be caused by the vaccine. ND 

and HE vaccines are two major vaccines administered to commercial turkeys. The 

immunosuppressive nature of HE vaccines causes the timing of vaccination to be very 

important in order to maximize protection. THEV infection has been shown to reduce the 

efficacy of NDV vaccination in turkeys (Nagaraja et al., 1985). 
 Vaccination using the VAS is a very efficient way to protect turkeys against 

clinical HE. Within two weeks of oral vaccination, significant antibody titers are 

produced that remain very high throughout the lifetime of the turkey, without the need for 

re-vaccination or boosters (Fadly et al., 1985; Domermuth et al., 1977). Research into the 

cause of this sustained long-term antibody protection indicated that there was viral DNA 

present in tissues as late as 15 weeks post-vaccination. This is indicative of a persistent 
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infection of lymphocytes and macrophages. Though the actual mechanism is unclear, the 

VAS stimulates a very pronounced long-term immune response.  

 Chemically modified strains of non-virulent NDV are administered through 

drinking water to provide resistance to more virulent strains of NDV. Unlike the HE 

vaccine, the ND vaccine must be given repeatedly throughout the life of the turkey if 

protective immunity is to be maintained. For this reason, it would be advantageous for a 

single vaccine to be developed that provides lifelong resistance to both HE and ND. Such 

a vaccine would reduce costs associated with multiple vaccinations, mortality associated 

with insufficient vaccination due to immunosuppression, and clinical manifestation of 

non-virulent NDV vaccine. 

 Recombinant live-virus vaccines have grown in popularity and importance over 

the past 15 years. Many recombinant fowl-poxviruses have been developed for the 

protection of birds against diseases such as Avian Influenza and Marek's Disease. Fowl-

poxviruses have been used as vectors because of their relatively large size and ease of 

genome manipulation. Recombinant adenoviruses have been of particular interest in the 

field of gene delivery technology for gene therapy in humans because in general, they do 

not cause serious disease in humans. Adenoviruses have also proven to be valuable as a 

vector for subunit vaccines in avian species for diseases such as Infectious Bronchitis 

Virus (IBV) and Infectious Bursal Disease Virus (IBDV)(Cardona et al., 1999; Sheppard 

et al., 1998; Tang et al., 2002; He et al., 1998; Reddy et al., 1999).  

 The advantages of using an adenovirus as a vector for a subunit vaccine are many. 

A vaccine that contains a single recombinant protein from NDV cannot possibly infect 

the animal with NDV, whereas an improperly attenuated, inactivated, or mutated live 

virus has the potential to cause the very disease that vaccination seeks to protect against. 

Adenoviruses are relatively easy to manipulate genetically due to their non-segmented 

double-stranded DNA genomes.  

 There are also many advantages to using the VAS in particular. First of all, it is 

already administered as a standard vaccine at 4 weeks-of-age to all turkeys in most 

commercial operations. In addition, it stimulates a life-long immune response against 
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viral antigens. It is hypothesized that a life-long immune response will be generated 

against any immunogenic protein expressed by the vaccine strain in vivo. This would 

theoretically allow for vaccination against multiple disease agents at one time without the 

need to ever re-vaccinate. Because immune response is a function of resource allocation 

in birds, fewer vaccinations translates into better growth characteristics and overall 

performance. For these reasons, the VAS could be used as the base adenoviral vector for 

the delivery of NDV antigens in a recombinant live-virus vaccine. The first step in the 

creation of this vaccine is the generation of a full-length infectious DNA clone of the 

VAS. 

 The VAS will be altered to be used as a vector for a recombinant subunit vaccine. 

The recombinant virus will express the fusion protein (F) gene from NDV concurrently 

with THEV proteins during viral replication. If successful, a protective immune response 

will be mounted, with antibodies specific for the F protein. The recombinant virus will 

thus serve as a vaccine for the protection of turkeys against both THEV-V and NDV.  

 The F gene of NDV will be acquired or produced in cDNA form and inserted into 

a carrier plasmid containing in proper alignment a cytomegalovirus promoter, a multiple 

cloning site (for insertion of F gene) and an SV-40 polyA recognition sequence. This will 

serve as the expression cassette for future recombinants that may be engineered for the 

introduction of proteins other than the NDV F gene.  

 Generation of a full-length genomic clone is a necessary step before the 

determination of the optimal point for F gene insertion. The genome will be 

systematically probed for regions that are tolerant of DNA insertions. It is likely that the 

region near the right terminus will support such an insertion with minimal disruption to 

the characteristics of the parent virus.  

After determination of the appropriate site for gene insertion, the region 

surrounding the site will be sub-cloned into a plasmid. This will facilitate the 

manipulation of the region in preparation for addition of the expression cassette. The 

expression cassette will be inserted into the region using restriction endonuclease 

digestion and ligation. The expression cassette will then be introduced into the full-length 
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genomic clone by homologous recombination in E. coli BJ5183 recBC sbcBC, or by 

restriction endonuclease digestion and ligation (Figure 2).  
 The full length genomic clone containing the insertion in proper alignment will be 

identified using restriction endonuclease digestion and PCR. Upon successful isolation of 

a correct recombinant clone, the genome will be released from its vector and used to 

transfect turkey leukocytes or MDTC RP-19 cells in vitro. Cell cultures will be tested for  

expression of the F protein. The goal is to produce a recombinant THEV virus that 

expresses the F protein without limiting its own ability to replicate in vivo.  

 Future studies with the recombinant virus in vivo would be necessary to determine 

the immunogenic properties of the expression product. In order to be a useful candidate 

for the replacement of current live-virus NDV vaccines, the recombinant THEV vaccine 

must stimulate a pronounced long term immune response against the F protein expression 

product, and protect poults against virulent NDV strains.  

 

Reverse-Transcriptase PCR Assay  

 The PCR techniques developed will serve as diagnostic and research tools as the 

molecular biology of THEV infection is studied further. The basic PCR technique can be 

extended into a reverse-transcriptase PCR (RT-PCR) for the detection of viral RNA in 

infected cells. Messenger RNA (mRNA) studies could then be performed to 

experimentally determine the genes that are being expressed during infection. Sequencing 

of viral mRNAs will experimentally confirm the locations of promoters and splice 

sequences. In addition, gene expression levels in THEV-V and THEV-A should be 

compared in order to test the hypothesis that a difference in viral replication efficiency 

directly correlates with the difference in virulence. 

RT-PCR will also be used to detect viral RNA in the spleens of infected turkeys. 

One of the drawbacks to the PCR techniques used to detect THEV DNA in birds at 10-15 

weeks pi was that there was no way to determine if the virus was actively replicating. 

RNA has a much shorter life-span in vivo than DNA, and would likely only be detectable  

 190



 

 

 

 

 

 

 

 
Figure 7-2: Creation of Recombinant Polyvalent Live-Virus Vaccine 

Step 1: A cytomegalovirus promoter, multiple cloning site, and polyA signal are 

introduced into a plasmid vector containing the THEV region of insertion. Step 2: A 

cDNA of the NDV fusion gene is inserted directionally into the multiple cloning site. 

Step 3: Homologous recombination between the plasmid vector and the full-length 

infectious DNA clone of THEV results in a recombinant THEV genome containing the 

CMV expression cassette with the fusion gene. 
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if the viral genes were being transcribed. This would confirm or refute the presence of 

infectious virus in these tissues, as well as the spleens of any birds inoculated with them. 

 

Transcriptional Mapping of THEV 

 THEV is a member of the recently accepted adenovirus genus, Siadenovirus. The 

only other member of this genus is an adenovirus isolated from the kidney of a frog, Frog 

Adenovirus 1 (FrAdV-1). Although the core family genes of the Adenoviridae are 

conserved, there are several open reading frames (ORFs) that share no sequence 

similarity with other genes with known function (Davison et al., 2000). These 

“unknown” coding regions including ORF1, ORF7, ORF8, and E3 possibly encode 

proteins essential for viral function. To date, no study has attempted to experimentally 

determine whether there are mRNAs corresponding to these “unknown” genes present in 

infected cells. By detecting and sequencing mRNAs that result from infection of THEV, 

a transcription map for the THEV genome will be generated that is representative of the 

genus Siadenovirus.  

 An in vitro system for propagation of THEV will be utilized. Flasks of low 

passage MDTC-RP19 cells will be infected with either THEV-V or THEV-A (Nazerian 

and Fadly, 1982). The culture will be sampled every 6 hours for 48 hours, and total RNA 

will be extracted from each sample. This amount of time should allow for at least one full 

replication of the viral strains, and all transcribed viral mRNA from early and late genes 

should be present. Utilizing a quantitative real-time reverse transcriptase polymerase 

chain reaction (qRT-PCR) and primers designed from the sequence data available for 

each strain, mRNAs from each putative ORF will be amplified and sequenced. Sequence 

data will be compared to the genome sequences for determination of genetic features 

such as splice sequences and transcription start site. 

Mapping the mRNAs produced by THEV will give us a greater understanding of 

which viral coding regions actually encode viral proteins. Sequencing of the leader 

regions of mRNAs will experimentally verify the locations of viral promoter sequences 

and splice sites. Knowledge of the promoter regions and splice sequences will allow for 
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manipulation of viral genes and determination of sequences essential for transcriptional 

regulation. It is not known whether ORF1 and E3 are transcribed or translated, so it is 

necessary to determine which mRNAs are generated during infection of both strains of 

virus. Characterization of these genetic elements will result in a greater understanding of 

the unique genetic makeup and features of the genus Siadenovirus. 

 

Comparison of Viral mRNA Levels 

One hypothesis for the difference in virulence of THEV-A and THEV-V is that a 

replication deficiency of the avirulent strain results in an overall decrease in viral load, 

which differentially activates the immune response in vivo. Another hypothesis is that 

there are specific virally coded proteins that antagonize cellular regulation of cell cycle 

and antigen presentation (Chapter 3). These viral proteins could affect the way the turkey 

responds to THEV infection on a broad scale, including activation of macrophages and T-

lymphocytes that may lead to duodenal lesion formation and mortality. If there is a 

difference in transcription of individual viral genes, those genes may be important for 

causing or preventing duodenal lesions. The genetic differences affecting virulence must 

be determined in order to develop more efficient vaccines and techniques for the 

differential diagnosis of the two strains in the field. Comparison of the levels of viral 

mRNA in cells infected with avirulent and virulent strains will show any differences in 

transcription between the two strains, and experimentally test the transcription deficiency 

hypothesis. 

An in vitro system for propagation of THEV will be utilized. Flasks of low 

passage MDTC-RP19 cells will be infected with either THEV-V or THEV-A (Nazerian 

and Fadly, 1982). The culture will be sampled every 6 hours for 48 hours, and total RNA 

will be extracted from each sample. This amount of time should allow for at least one full 

replication of the viral strains, and all transcribed viral mRNA from early and late genes 

should be present. Utilizing qRT-PCR and primers designed from the sequence data 

available for each strain, levels of individual mRNA populations will be determined. As a 

reference, mRNA levels of the viral late gene, the hexon, will be used. Other possible 
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references could be a cellular marker gene known to be constitutively expressed. 

Negative controls will include mRNA extracted from RP19 cells not infected by either 

virus.  

A difference in transcription efficiency is expected to be a direct result of amino 

acid changes in virus-coded transcription factors. Amino acid changes in transcription 

factors may lead to lesser transcriptional activation, which may result in a decrease of 

mRNAs and proteins. If there is a complete gain or complete loss of an mRNA 

population, it would indicate that gene’s involvement in causing virulence. The 

populations of viral mRNA may remain unchanged between the two strains for all genes 

that do not affect pathogenicity. If there are no detectable differences in mRNA 

populations, it would indicate that the changes within viral genes not affecting viral 

replication efficiency are somehow responsible for the change in virulence. 

 

7.3 Conclusions 

 

The research presented in this dissertation provides new diagnostic methods, a 

detailed look at the genetic profile of several strains of THEV, and evidence of THEV 

infection long after the onset of significant antibody response. This work is valuable to 

the general characterization of the genus Siadenovirus, as well as the specific aspects of 

THEV infection as they pertain to the commercial poultry industry. Although control of 

HE has been achieved using effective vaccination protocols, study of the details of THEV 

infection remains important. The mechanisms of immunosuppression and pathogenesis 

must be explored, because it is possible that a new mutant strain of virulent THEV could 

appear that is resistant to neutralization by antibodies to the current vaccine strains. In 

addition, regardless of the mechanism involved in the persistent stimulation of antibodies 

in infected turkeys, the VAS has been shown to be an ideal vector for use in a 

recombinant live-virus vaccine.  
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Appendix A 
PCR Primer Sequences 

Sense Primers 
Name Position Sequence 

ORF1-L 40 GCCTTGAAAAGTGATTTTCTTTTTACT 
0.1 329 CTGTTACTCCTGATAGCC 

ORF1-C-L 831 CGTTGTGGACCCTGAATATG 
ORF1-B-L 1495 TCTGATGTTTCAGTTAATCAGGGTAG 

0.5 1639 AGCCCGCTCAAGTTTAGG 
IVA2-L 2938 ATGACATCATCAAAAGCACATTCT 
POL1-L 3621 TTCTTTTCAAAGCAGTTCTTTCTG 
POL2-L 5050 GTAACAACGTCCACCTCTAACG 

POLPTP-L 6401 CATTTTTGTTGTTGAGTCCATGAT 
PVII-L 12498 CAACTGCTCAAACTGGAAATTCT 
HEX-L 14125 TCCTTCACCTAATACTGGTTCAGC 
0.63 21033 TTGAATGACTTGAACACG 

E3-D-L 21391 AATTGTATGACGGATGTTGTTAATGT 
E3-L 21597 TGATGAAGAATTTTCAGATCATTG 

E3-B-L 21810 TGAAAATGCTTTAACGAAGGAA 
FIB-B-L 23350 TGGTCTGCAAATAACACCAAA 
FIB-L 23519 ATAAATTTGTGAGATGGGATGCTC 

Antisense Primers 

Primer Position Sequence 
ORF1-R 525 AGTTTGTCCAACAGACCTCAAAG 
WWW 965 AAGCCATTGCCGCCACAT 
UUU 1582 TATATCCAGGCAAAGTAG 

ORF1-B-R 1818 ATACAATTGACCATTGGAAGTTTGTC 
SSS 2128 GGAACCACAGTATTAGAT 

IVA2-R 3276 CAACGAAATTAACAACATTAACAAGA 
POL1-R 3829 AAAAAGTATTTTTCTCGCTCCAAA 
POL2-R 5199 CCGACTATTTCATCTAATTCTCACG 

POLPTP-R 7025 TGTGACAGAAGGCCAGATAGTATT 
PVII-R 12647 AAACTGTAGGAGCAGGTACAGGAA 
HEX-R 14245 TGTATAAGCTCCATAACAAGTTGCAT 
E3-C-R 21506 CAATCTGTTAAGTAAGAAAAGCGATG 

K 21849 CATAAATTCTTCCTTCGT 
E3-R 21974 CTAACTAAACCGGAGGAAACTCTG 

E3-B-R 22330 CGTCAGCAACACAGCTTCTG 
FIB-R 23648 AACATAGGACTCAAGAAATCAGCA 

FIB-OLD 23915 AAAACCGAAAGTTGCATCAC 
POLPTP-B-R 6699 AAAGCCACTATAATAGAAATAGCTTGG 

FIB-B-R 23752 GAATGAAAGAGGAATTGTTTTCAAGT 
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Appendix B 
Creation of a Full Length Infectious DNA Clone of THEV – Preliminary 

Work 
 

 Primers amplifying 725 bp fragments at the left and right termini of the THEV 

genome were designed with added restriction endonuclease cleavage sites (Table 1). The 

left end terminal fragment (newleft) was amplified using primers newleftend.cln and 

newleft.cln and electrophoresed on a 1% agarose gel containing ethidium bromide. The 

725 bp band was excised from the gel, and DNA was extracted using the QiaQuick gel 

extraction kit (Qiagen). The extraction product and pNEB193 plasmid (New England 

Biolabs) were each digested with XmaI and AscI restriction enzymes (New England 

Biolabs). Following digestion and heat inactivation, newleft and pNEB193 were 

combined (2:1 vector-to-insert ratio) and ligated with T4 DNA ligase (Promega). The 

ligation product was used to transform chemically competent XL10-gold E. coli 

(Stratagene). Transformants were plated on LB amp+ agar plates with X-gal and IPTG 

and grown overnight (O/N). White colonies were selected and grown O/N in LB amp+ 

broth. Plasmid DNA was extracted from cultures using the QiaPrep spin mini-kit 

(Qiagen) according to manufacturer’s instructions. Insertion of newleft into pNEB193, 

creating plasmid Left13.cln (pLeft13.cln), was confirmed by restriction endonuclease 

digestion and PCR (Figure 1). The right end terminal fragment (newright) was amplified 

using primers newright.cln and end.cln, and purified in the same way as newleft above. 

Newright and pLeft13.cln were digested with AscI and PacI, ligated, and used to 

transform XL10-gold E.coli. 18 transformants were selected at random, and grown O/N 

in LB amp+ broth. Plasmid DNA was extracted as above, and tested for the 1450 bp insert 

by restriction endonuclease digestion. Two transformants were isolated containing the 

1500 bp insert: p4.cln and p15.cln (Figure 1).  
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Table B-1: PCR Primers with Restriction Endonuclease Sites 

Primer Name Nucleotide 

position  

Sequence (5′ to 3′) 

newleftend.cln 1 ATTUCCCGGG UTCAATCAATATATATACCGCATGCTTG 

         XmaI 

newleft.cln 727 ATTUGGCGCGCCUGCTTAGACTGTAACACGAACGACTT 

            AscI 

newright.cln 25540 ATTUGGCGCGCCUGATTGTTTCATCGTCTTCTGTCTTTA 

            AscI 

end.cln 26266 CCCGGGUTTAATTAAUTCAATCAATATATATACCGCATGCTTG

   XmaI        PacI 



 
Figure B-1: Plasmids Created for use in Infectious Clone Construction 
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 It was at this point that progress was halted. A full-length infectious DNA clone 

of the VAS was to be generated by homologous recombination of p4.cln or p15.cln with 

VAS genomic DNA in E. coli BJ5183 recBC sbcBC (Chartier et al., 1996). 

Unfortunately, I was unable to isolate the VAS genome in sufficient quantity to allow for 

successful recombination.   

Several attempts to extract large amounts of full-length DNA from cesium 

chloride gradient-purified virions were made. The first attempt used InstaGene matrix 

(BioRad) to extract DNA from lyophilized vials of VAS. Agar gel electrophoresis of the 

extract with ethidium bromide did not reveal visible DNA. Electrocompetent E. coli 

BJ5183 (Stratagene) were transformed with the extract and AscI-linearized p4.cln. It was 

expected that linearization of p4.cln would prevent creation of viable transformants 

unless homologous recombination took place. The results of the first electroporation were 

confusing. There were only a few transformants in the pUC18 control plate, indicating a 

low level of transformation efficiency. However, transformation with linear p4.cln alone 

and with p4.cln+genome resulted in hundreds of colonies. Despite the confusing results, 

36 colonies were tested to determine the plasmid contained in each one. All had a 

plasmid identical to p4.cln. Cesium chloride gradient purification was repeated a total of 

three times, and DNA extraction was attempted using a variety of methods including 

InstaGene matrix, the QiaAmp DNA mini-kit, and phenol-chloroform extraction 

followed by ethanol precipitation. DNA was never visualized on an agarose gel with 

ethidium bromide, indicating only a very small yield. Attempts to create the clone with 

homologous recombination failed, despite the screening of hundreds of potential 

transformants. After three months of repeated failure to extract intact genomic DNA, the 

project was postponed. 
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