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Case Report
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Abstract

:

Inclusion body hepatitis (IBH) is an economically important disease of chickens, with a worldwide distribution, caused by Fowl Aviadenoviruses (FAdVs). Currently, the increased number of cases, the virulence of the isolate strains, as well as the lack of cross-species protection highlight that detailed in-field data are fundamental for the development of successful control strategies. This case report provides a detailed clinicopathological investigation of an unusual IBH outbreak in a commercial broiler farm in the region of Macedonia, Greece. The farm consisted of 64,000 birds, originated from the same breeder stock and placed in three different houses (Flock A–C). At 20 days of age, a sudden increase in daily mortality was recorded in Flock A. It is worth mentioning that, although all flocks were serologically (indirect ELISA) and molecularly (RT-PCR) positive for FAdV, the mortality rate, attributed to IBH, was much higher in Flock A compared to others. The clinical manifestation included non-specific symptoms such as depression, inappetence, yellowish mucoid diarrhea, and lack of uniformity. At necropsy, typically, enlarged, pale, and friable livers were dominant, while sporadically lesions were recorded in the pancreas, kidneys, skeletal muscles, and lymphoid organs. The histopathological examination of liver samples showed multifocal inflammation, necrosis, and the presence of basophilic/ eosinophilic inclusion bodies in hepatocytes. In addition, the loss of the architecture of pancreatic lobules and the presence of fibrosis and foci of mononuclear cell aggregates were suggestive of chronic pancreatic inflammation. PCR analysis confirmed the presence of FAdV, belonging to species E, serotype FAdV-8b. Performance and financial calculations revealed that IBH increased Feed Conversion Ratio (FCR), feed cost/chick as well as feed cost/kg live weight, whereas the Livability (%) and the European Production Efficiency Factor (EPEF) were decreased in the most severely affected flocks (Flock A). This study is the first report of the detection and identification of FAdV serotypes associated with IBH in commercial broiler flocks in Greece. However, there is still a lack of information about the circulating FAdV serotypes in the country, and therefore epidemiological studies are needed to establish control strategies for IBH.
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1. Introduction


Inclusion Body Hepatitis (IBH) is a viral disease of poultry caused by Fowl Aviadenoviruses (FAdVs) [1]. The name of the disease is attributed to the presence of characteristic basophilic and/or eosinophilic inclusion bodies, which are frequently observed in the affected hepatocytes, and are enough for histopathological diagnosis [2]. Since its first report in the early 60s, in the USA [3], the disease has spread worldwide [1,4,5,6]. In many areas, IBH became endemic, threatening the local poultry industry by subjecting afflicted flocks to mortality, growth retardation, and low productivity in general [4,5,7]. Long-term epidemiological surveys reveal that broilers of 3–5 weeks of age are more susceptible to the disease, whereas layer and breeder flocks of varying ages can also be affected [1,8,9].



Molecular investigation of the in-field isolates allows the differentiation of FAdVs to species and serotypes and provides a useful tool for epidemiological surveys and for the development of control programs in the affected regions [10]. FAdVs are molecularly divided into five species (FAdVA-E) and further classified into 12 serotypes (FAdV1-8a and FAdV8b-11) based on cross-neutralization tests [11]. The majority of FAdV serotypes (FAdV-2, 8a, 8b, and 11) are isolated from cases of IBH [1,12,13]. Nevertheless, certain serotypes are associated with other noteworthy poultry pathologies, including Hydropericardium Syndrome (FAdV-4) [14] and Gizzard erosion and Ulceration syndrome (FAdV-1) [15,16]. Finally, the same serotypes are frequently isolated from healthy birds, a fact which historically led to a complacency approach of FAdVs as primary pathogens [2].



The full mechanism of FAdVs to induce IBH has not been elucidated, and despite the successful reproduction of the disease in SPF flocks [9,17], there is a wide variation among experimental and in-field data, supporting that other factors are required for FAdVs to induce IBH in the farm. In epidemiological surveys from Mississippi, India, Egypt, Korea, and Belgium, outbreaks of IBH have been linked with immunosuppressive agents, including Infectious Bursal Disease Virus (IBDV) [5,7] Anemia Virus (CAV) [5,18], mycotoxins [19], and coccidiosis [20]. However, in regions such as Canada, Iran, Japan, and Australia, FAdVs were identified as primary pathogens to induce IBH in the field, without the presence of predisposing factors [21,22,23,24]. Therefore, in-field data are fundamental information to monitor and establish better control strategies at a national level, including management and successful vaccination programs [6].



Among European countries, FAdV 2, 8a,-8b, and 11 were found as the causative agent of IBH cases in broiler and breeder flocks in Spain during 2011–2013 [9]. IBH cases have also been reported in Slovenia [25], Poland [26,27,28], Hungary [25], Greece [29], Belgium [20], Germany, France, and Austria [12], with the majority of FAdV isolates belonging to species D and E, following the global pattern [1,6].



In Greece, since 2007, sporadic outbreaks of IBH in broilers were diagnosed based on necropsy and histopathological criteria [30]. In 2016, the presence of FAdVs was firstly recorded, based on the hexon loop-1 region and fiber gene, in IBH cases of 27-day-old broiler (LN907537, LN907567) and 18-day-old breeder flocks (LN907537, LN907563) [12]. The causative agents of these outbreaks were identified as genotype E3 and associated with 15% and 8.2% mortality in broiler and breeder flocks, respectively. Thereafter, in outbreaks of IBH during 2017–2018 in the geographical region of Epirus, circulating serotypes were found to belong mainly to FAdV-E (85.29%) and FADV-D (14.71%) [29]. It is important to note that commercial flocks in Greece are not subjected to vaccination and therefore are vulnerable to horizontal transmission.



There is scarce data available about the IBH serotype circulation in Greece, whereas the association of IBH with stress factors has never been investigated in the Greek poultry industry. Thus, the aim of this study was (1) to provide phylogenetic data about the isolated strain associated with an IBH outbreak that happened in the Regional Unit of Macedonia, Greece; (2) to record the clinical manifestation of the disease and determine the actual cost in the productivity of a Greek commercial broiler farm; and (3) to find out whether this outbreak was associated with IBDV, CAV, or the presence of mycotoxins in the feed.




2. Materials and Methods


2.1. Case History


2.1.1. Flock History


On May of 2018 an IBH outbreak was recorded in a commercial broiler farm, which was placed in the region of Macedonia Greece and consisted of three poultry houses, placed in parallel formation, Flock A (21,800 birds) // Flock B (21,800 birds) // Flock C (20,400 birds), and summed a total of 64,000 birds that originated from the same breeder stock, were hatched at the same hatchery, and placed on the same date. The birds were vaccinated against Newcastle disease (ND) (AVINEW®, Boehringer Ingelheim Group, Ingelheim am Rhein, Germany) and Infectious Bronchitis (IB) (Cevac IBird, Ceva Animal Health Ltd., Libourne, France) by spray vaccination as well as against Infectious Bursal Disease (IBD) (CEVAC® TRANSMUNE IBD, Ceva Animal Health Ltd., Libourne, France) by subcutaneous vaccination on the 1st day in the hatchery. Water and feed were offered to all birds ad libitum, whereas lighting program and microenvironmental conditions were automatically regulated to all houses according to the recommendations of the breeding company [31].




2.1.2. Clinical Manifestation


At 20 days of age, a sudden onset in daily mortality alongside with nonspecific clinical signs was recorded in Flock A. In particular, the farmer’s concern arose from the fact that daily mortality increased exponentially with dead birds in Flock A, numbered approximately 250 at day 20 to 600 at day 26, whereas a rising proportion of clinical signs and mortality was recorded also in Flock B. The birds showed apathy, maintained crouching position with ruffled feathers (Figure 1), or huddled together. Autopsies of dead birds were suggestive for IBH, and thus strict biosecurity measures were immediately applied in the farm, while a commercial poultry hepatoprotectant (HEPATO PROTECT, Farmavet S.A., Bucharest, Romania) blend of silymarin, amino-acids, vitamins, and electrolytes was supplied to birds through drinking water (1lt/tn) for 7 continuous days.





2.2. Performance and Mortality Records


Raw data derived from measurements taken by the farm’s staff as part of the routine schedule were processed using methods of biostatistics with the Microsoft Excel spreadsheet application. Percent mortality was calculated by dividing the number of birds that died on a day by the number of birds that were alive that day, whereas the Livability percentage was calculated by subtracting the mortality percentage from 100. Feed conversion ratio (FCR) was calculated by using the following formula: FCR = Feed Intake (g)/Weight Gain (g). The European Production Efficiency Factor (EPEF) was calculated according to the formula EPEF = {[Livability (%) × Live weight (Kg)]/[Age(d) × FCR]} × 100 [31]. In addition, the economic efficiency of the farm flocks was calculated by computing the feed cost (€)/live weight (kg) and the feed cost (€)/chick [32], knowing that during the outbreak, the cost of the basal diets was 0.36 €/kg.




2.3. Postmortem Examination


Dead (n = 30), diseased (n = 15), and clinically healthy (n = 10) chickens were submitted to the Unit of Avian Medicine, Department of Veterinary Medicine, Aristotle University of Thessaloniki for further examination. At that time, the birds were 23 days old and had not been subjected to any treatment before. After external examination, live chickens were euthanized by carbon dioxide and embedded in disinfected solution (1% Virkon S) before proceeding to necropsy.




2.4. Microbiological Investigation


Samples from the liver and spleen were aseptically collected and cultured in commercial 5% sheep blood agar (BD™ Columbia Agar with 5% Sheep Blood) and MacConkey Agar (Merck KGaA, Darmstadt, Germany) following incubation under aerobic, anaerobic (Thermo Scientific™ Oxoid™ AnaeroGen™ 2.5 L Sachet), and microaerobic conditions (Thermo Scientific™ Oxoid™ CampyGen™ 2.5 L Sachet) for 48 h.




2.5. Parasitological Investigation


Smears of intestinal content and mucosa were performed for parasitological analysis with direct microscopic examination.




2.6. Histopathological Investigation


Liver samples were collected from birds of each Flock (Flock A–C), whereas various tissue samples were taken from affected birds when macroscopic lesions were recorded (Flock A). Samples from the liver, kidney, pancreas, bursa of Fabricius, thymus, spleen, bone marrow, and skeletal muscles were fixed in 10% neutral buffered formalin, processed, and embedded in paraffin. Sections were cut at 4 to 5 μm, mounted on glass slides, and stained with hematoxylin and eosin (H–E) for microscopic examination.




2.7. Serology


Blood samples were randomly collected at slaughter age (42 days old), from 25 birds of each flock, to investigate the antibody response of birds to IBDV, CAV, and FAdV. Samples were centrifuged at 3000× g for 4 min, and serum was obtained and stored at −20 °C for further serological examination.



For the detection of the FAdV antibodies, a commercial Elisa Kit (Fowl adenovirus Group 1-Antibody test kit, BioChek B.V., Reeuwijk, Netherlands) was used. This kit included a non-specific serotype-common group antigen by 12 serotypes and therefore provided a broad spectrum for detection. According to the technical manual of BioChek, a house was considered FAdV positive if the MT/N ratio (where MT is the mean titer of each bird and N the number of samples) for the sampled birds was >6000 and negative if the MT/N ratio was <6000.



Indirect Elisa commercial kits were also used to detect antibodies to IBDV (Infectious Bursal Disease Virus- Antibody test kit, BioChek, Reeuwijk, The Netherlands) and CAV (Chicken Anemia Virus-Antibody test kit, BioChek Reeuwijk, The Netherlands), according to the instructions of manufacture. For the BioChek CAV Elisa kit, a house was considered CAV positive if the MT/N ratio was >5000 and negative if the MT/N ratio was <5000. The BioChek IBD ELISA kit is suitable for differentiation between live, inactivated, and/or recombinant vaccinated flocks and field infections within the same kit. MTs ranged from 5000–14,000 and were considered a reliable value suggestive of IBDV vaccine (CEVAC® TRANSMUNE IBD, Ceva Animal Health Ltd.) used for vaccinating the broiler flocks in this study.




2.8. Toxicology


Feed samples were collected from all diets (starter, grower, and finisher) used during the rearing period. Mycotoxin analysis of feed was performed by LC/ MS-MS following the method of Li et al. [33] for fumonisins detection and Ren et al. [34] for the rest of the toxins, as described by Tsiouris et al. [35]. The results were interpreted as the detected mycotoxins levels/detection limit level. Detection limits were 0.5 μg/kg for AFB1, AFB2, AFG1, and AFG2; 1 μg/kg for OTA, T-2, HT-2, and DAS; and 10 μg/kg for ZEN, DON, FB1, and FB2.




2.9. Molecular Investigation


Pooled liver samples from each poultry flock were collected during post-mortem examination and stored at −80 °C until further investigation in the lab. After defrosting, a tissue sample of 0.2–0.4 gr was taken and mixed with 2 mL of phosphate-buffered saline (PBS). The blend was macerated using a rotor homogenizer. Cellular remains were eliminated by centrifugation at 3000× g for 15 min, and the total DNA was purified using the DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) according to the instructions of the manufacturer. Real-time PCR using a Light Cycler 2.0 (Roche Applied Science, Penzberg, Germany) thermocycler was performed. The primer pair was the 52K-fw/52K-rv, which was previously tested as suitable for the detection of all FAdV species and serotypes [36]. Each 25 μL reaction mixture contained 50–200 ng of purified DNA from each sample, 0.7 μM (final concentration) of each primer (52K-fw and 52K-rv) [36], and HotStart-ITSYBR Green qPCR mixture (Affymetrix, Santa Clara, CA, USA). The amplification conditions included initial denaturation at 95 °C for 5 min, 40 cycles of denaturation at 95 °C for 5 s and annealing/extension at 60 °C for 10 s, and a last melting step between 60 and 95 °C for the confirmation of PCR product Tm, as previously reported [36]. Data analysis was performed using the LightCycler 4.1 software package (Roche Applied Science), automatically adjusting the cycle threshold (CT) value.



Partial sequences were obtained by PCR amplification and Sanger sequencing, targeting the hexon. The PCR reaction was performed with 20 pmol of each primer from Mittal et al. [37] (fwd primer 5’-CAARTTCAGRCAGACGGT-3’ and rev primer 5’-TAGTGATGMCGSGACATCAT-3’), 200 µM dNTPs mix, 1.5 mM MgCl2, and 2.5U Taq DNA polymerase. The PCR program consisted of an initial denaturation step at 94 °C for 5 min followed by 35 cycles of denaturation at 94 °C for 1 min, annealing at 58 °C for 1 min, and extension at 72 °C for 1 min with a step of final extension at 72 °C for 10 min. The PCR products, sizing approximately 900 bp, were loaded on a 1% agarose gel for verification. Finally, Sanger sequencing was performed using the forward primer (GATC Biotech, Konstanz, Germany).



The nucleotide sequences of the FAdV isolates were aligned with homologous sequences via the Clustal W method using the Lasergene software (DNASTAR, Madison, WI, USA). A phylogenetic tree for the hexon gene was constructed using MEGA 7.0 software by the neighbor-joining method with 1000 bootstrap replicates. A total of 42 reference strains were used in this study and are summarized in Table S1.



The obtained nucleotide sequence was then compared to other GenBank sequences using the BLAST database (http://www.ncbi.nlm.nih.gov/BLAST/, accessed on 15 March 2021).





3. Results


3.1. Performance and Mortality Records


In this IBH outbreak, a total of 5709 birds died, and the cumulative mortality was 11.21%. However, as revealed in Figure 2, the clinical manifestation of the disease differed among the flocks.



Daily mortality of Flock A increased exponentially, starting at 20 days of age, making a peak on day 26 (daily mortality 3.1%, or 650 birds), and gradually subsided within 15 days (day 34). During the same period, a shorter but also significant increase in daily mortality was recorded in Flock B, starting at day 23, making a peak on day 25 (daily mortality 0.7%, or 144 birds), and ceasing within 6 days (day 29). However, in Flock C, daily mortality remained stable at low levels during the rearing period. Finally, at the end of the rearing period, the cumulative mortality was 17.4% for Flock A (3791/21,800 birds), 6.1% for Flock B (1322/21,800 birds), and 2.9% for Flock C (596/20,400 birds). In accordance, Livability was computed at 82.60% for Flock A, 93.90% for Flock B, and 97.08% for Flock C. Calculating the feed consumption per bird and the average weight of birds at slaughter age, the FCR index was increased in Flock A (2.07), followed by Flock B (1.90) and Flock C (1.85). The EPEF of Flock A was lower (245) compared to those of Flock B (307) and Flock C (341).



The economic efficiency of each of the farm’s flocks was calculated based on the feed cost, final body weight, and mortality data without including expenses of treatments and the biosecurity measures, applied to the farm in general. Flock A, which was mostly affected, consumed a total of 96.42tn feed (34,711.2 €), reaching a final live mass of 46.49tn. Flock B consumed a total of 104.48tn (37,612.8 €) feed, ending at a live mass of 54.86tn, whereas Flock C consumed a total of 100.00tn (36,000.0 €) feed, reaching a final live mass of 54.08tn. Finally, the feed cost/kg live weight (€/kg) was 0.06 €/kg higher for Flock A (0.75 €/kg), which was mostly affected, compared to Flock B (0.69 €/kg), and 0.08 € /kg higher when compared with that of Flock C (0.67 €/kg). At the end of the rearing period the feed cost/chick (€/chick) was computed at 1.93 €/chick for Flock A, 1.84€/chick for Flock B, and 1.82 €/chick for Flock C.




3.2. Postmortem Examination


On necropsy, most of the chickens had yellowish mucoid diarrhea soiling the feather of the cloaca (Figure 3). Icteric skin and subcutaneous fat were notable in affected birds, while petechial hemorrhages on leg and breast muscles were rarely recorded (Figure 3). During evisceration, the liver dominated the visceral capacity with the lobes of the organ appearing swollen with a marble-like pattern ranging from pale and yellowish to red-dark (Figure 4 and Figure 5). Similarly, kidneys were pale, oedematous, and mottled, enlarged with urates accumulation in the ureters (Figure 6). In many birds, the pancreas was also affected and was slightly inflamed with necrotic foci spotting the surface of the organ (Figure 7). Finally, some birds presented a moderately atrophic Bursa of Fabricius and thymus.




3.3. Microbiological Investigation


Pathogenic bacteria were not isolated.




3.4. Parasitology


The direct microscopic examination of the intestinal smears revealed the presence of a small number (+) of Eimeria spp. oocysts.




3.5. Histopathology


Liver samples from birds collected from Flock A and B showed prominent vacuolar degeneration, areas of coagulative hepatocellular necrosis with intranuclear, large, deeply basophilic inclusion bodies characteristic of adenovirus infection (Figure 8a–c). Multiple samples from the liver of one bird from Flock C revealed the same pattern with those of Flocks A and B. However, inclusion bodies were seldom observed (Figure 8d). In the Bursa, the follicular cortex and medulla were depleted of lymphoid cells (Figure 8e). Thymic atrophy with lymphoid depletion was noted, mainly in the cortex, accompanied with mild edema of the interlobular spaces and vascular distention (Figure 8f). Some mononuclear inflammatory cells and hemorrhages were noted throughout the medulla. Severe depletion of lymphoid follicles also characterized the spleen. Loss of lymphoid cells led to the prominence of reticular cells in the germinal center (Figure 9a). Kidneys showed increased glomerular cellularity due to mesangial cell proliferation (mesangioproliferative glomerulonephritis) (Figure 9b). There was observed tubular epithelial necrosis, interstitial hyperemia and hemorrhages, as well as infiltration of the interstitial connective tissue with mononuclear inflammatory cells (Figure 9c). Bone marrow was characterized by mild depletion with sparse cells throughout the bone marrow presenting nuclear pyknosis and, more often, fragmentation, suggesting the necrosis of bone marrow (Figure 9d). Loss of the architecture of pancreatic lobules was observed due to the absence of acini accompanied by intensely increased interlobular connective tissue and the presence of foci of mononuclear cells aggregates suggestive of chronic inflammation (Figure 9e). Finally, examination of skeletal muscles revealed degeneration, the necrosis of muscle fibers and infiltration of the perimysium and endomysium with mononuclear cells, and heterophils (Figure 9f).



(a–c) Flock A + B and (d) Flock C.8.1. Subsection




3.6. Serology


Elisa results revealed that FAdV, IBDV, and CAV antibody titers in all flocks were normally distributed. All the flocks were serologically positive for FAdV infection with the MT/N ratio having been calculated for each flock: Flock A: 6926, Flock B: 6523, and Flock C: 6553, n = 25. For IBDV the MT/N ratio was also calculated for each flock (Flock A: 7218, Flock B: 7230, and Flock C: 7211, n = 25), and results were anticipated to the titers suggested for the vaccination. For CAV, the results were anticipated to the titers suggested for maternal immunity due to the vaccination of the breeders. The MT/N ratio was also calculated for each flock; Flock A: 1408, Flock B: 1418, and Flock C: 1414, n = 25.




3.7. Toxicology


TLC chromatography revealed that mycotoxins were under detection limits in all starter, growing, and finishing diets.




3.8. Molecular Investigation


Three FAdVs strains were detected from Flock A, B, and C, respectively. However, the nucleotide sequences of the FAdVs isolates were completely identical (100%). The analysis at the tree involved 43 nucleotide sequences in total (Table S1).



According to phylogenetic analysis (Figure 10) based on the hexon gene with available sequences from GenBank, FAdVs were classified as FAdV-E serotype 8b, showing almost equal nucleotide identities (99.76%) with the Peruvian isolate (Accession n. MG765463), which belongs to species E, serotype 8b. Interestingly, the isolate LAB21-112 revealed low similarities (<90%) with the other FAdV-E isolates. More specifically, the isolate had identity 86.26% with that from Canada (Accession n. EF685497), 86.26% for FAdV-8 “TR59” strain (Accession n. AF508956), 90.61% for FAdV-7 isolate (Accession n. AF339922), and 85.27% for the European FAdV-6 serotype (Accession n. AF508954). Surprisingly, a high similarity (98.45%) with isolate (Accession n. AF 339924), which belongs to FAdV of species C and serotype 10, was also noted.



We also compared the nucleotide sequence of the isolate LAB21-112 with other GenBank sequences using the BLAST database (http://www.ncbi.nlm.nih.gov/BLAST/. accessed on 15 March 2021). Interestingly, the isolate LAB21-112 revealed high similarities (>99%) with other FAdV-E isolates previously reported in Greece (Accession n. MK572862), Germany (Accession n. MK572863), Hungary (Accession n. MK572858), China (Accession n, MG712775, KU981150, KY426984, MG547385, MF573922, MF573919, MF573907, MF577036), and Peru (Accession n. KX258422 MG765468, MG765461, MG765463, MG547388).





4. Discussion


IBH is a viral disease of poultry with considerable significance since its first report in the 1960s [1,4,8,9,20]. In many regions worldwide, the disease has been endemic and become of dominant concern for young broilers of 3–5 weeks of age [4,8,38,39]. In affected areas, increased biosecurity and vaccination programs using autogenous vaccines were partially effective. The lack of cross-species protection resulted in new serotypes to prevail among vaccinated flocks in affected areas [24,40], whereas the resistance of FAdVs to the commonly used disinfectants [41] makes it difficult to control the spread of the pathogen. In Greece, neither broiler breeder nor broiler chicken flocks are vaccinated against FAdVs and therefore are vulnerable to FAdVs infections. In addition, there is scarce information about the virulence of the circulating FAdVs and the role of predisposing factors involved to their clinical manifestation in the field.



In our case, affected birds were at 20 days of age, exhibiting nonspecific clinical signs other than suddenly increased daily mortality. In classical IBH cases, clinical signs and mortality peak after 3–4 days and usually return to normal on the 6th day of the outbreak [1,13,14]. Rarely, clinical signs and mortality can persist for more than 2 weeks, resulting in a dramatic effect on the production [38]. In our case, clinical signs and increased daily mortality (%) lasted for 15 days in Flock A (16.81%) and 6 days in Flock B (6.1%), whereas Flock C was clinically unaffected. FCR, as well as EPEF, were adversely affected mainly in Flock A, and less in Flock B and C following the diminutive pattern of the clinical course of the disease among the flocks. Finally, the producer reported a remarkable increase in the production cost, mainly for Flock A, as a result of the increased mortality and growth retardation that persisted until slaughter. The punctual economic impact is difficult to determine but, according to an epidemiological survey from Mississippi, broiler meat production cost was $0.0058/kg more expensive to produce when IBH occurred [7].



A necropsy and histopathological examination on affected birds revealed that liver lesions were predominant, all in terms of classical IBH cases. The liver was enlarged, pale, and friable with a histopathological picture of multifocal inflammation and necrosis, alongside the presence of characteristic large basophilic inclusion bodies in hepatocytes. Inclusion bodies may be found in the cells of other tissues of poultries as a result of FAdV or another viral replication [42,43]. However, the detection of eosinophilic or basophilic inclusion bodies in hepatocytes are pathognomonic in terms of FAdVs and could lead to the diagnosis [17,36]. Basophilic inclusions are mainly formatted by virus particles, whereas eosinophilic usually consist of degenerated or fibrillar granular material in cells dying from the viral infection [44]. In our case, most inclusion bodies were basophilic, whereas eosinophilic inclusions were rarely noted. Basophilic inclusions are formed first, and then the eosinophilic inclusions are produced. Thus, in our case, the basophilic inclusion formation in liver samples from Flock A and B could be attributed to a severe and rapid infection with FAdV of these flocks. Continuing on, the quite small number of hepatocellular inclusions, the absence of lesions in the rest of the organs examined, and the absence of clinical signs in birds sampled from Flock C could be attributed to a very early or a very late stage of infection or to an infection with another non-pathogenic FAdV serotype [15]. However, in our case, PCR analysis of the hexon gene revealed that isolates from all the flocks shared equal nucleotide identity (100%).



After infection, FAdVs primarily replicate in the enteric or respiratory epithelium following viraemia transfer to their target organs. Previous investigators revealed that FAdVs can replicate in the tubular epithelium of kidneys, resulting in proliferative glomerulonephritis [45], which was a prevailing finding in our case as well. However, lesions in the pancreas have been currently described by some reports, revealing a new feature to FAdV infection and IBH pathology [17,39,46,47]. In our case, a loss of the architecture of pancreatic lobules was observed, due to the absence of acini accompanied by intensely increased interlobular connective tissue. In addition, the foci of mononuclear cell aggregates were observed, suggesting a chronic inflammation. However, pancreatitis was never the main focus of previous investigations, and the detrimental effects on the function of the pancreas were not studied in detail.



The mechanism of FAdV pathogenicity is not fully elucidated. However, under in-field conditions, IBH outbreaks are associated with a variety of diseases including bacterial infections, viral agents, mainly those historically involved (CAV and IBDV), parasites, and mycotoxins [5,7,18,19,20]. The above agents could act as predisposing factors or as secondary co-infectants enhancing the exacerbation of the disease. However, the microbiological and the parasitological investigation revealed that in this outbreak, neither bacterial nor parasitic agents were involved. Furthermore, the TLC chromatography revealed that mycotoxins were not associated with the current outbreak since they were under detection limits in all animal diets.



Broiler breeders in Greece are normally vaccinated against CAV to prevent vertical transmission of the virus and provide protection to their progenies for the clinical and subclinical form of the disease. Similarly, live and killed IBD vaccines are applied in both breeder and broiler flocks in the country. Thus, it is not surprising that IBDV and CAV antibody titers were at the expected levels in all flocks excluding the predisposing role of these agents for the present IBH outbreak. This is in accordance with previously published reports, which present FAdVs as primary agents in IBH [21,22,23,24]. Hence, the mild loss of the lymphoid cells in the thymus and cloacal bursa of the IBH-affected chickens in the present case are likely associated with the involvement of this primary lymphoid organ in the pathology of FAdV infection [48]. In addition, the depletion of the cells that occurred in the bone marrow could be attributed to the FAdV effect in the hematopoietic system of birds, a fact also noted by other researchers [16].



In the current study, phylogenetic analyses of the hexon regions of isolated FAdV stains revealed that they were 99.86% identical with the Greek isolate (Accession n. MK572862), which belongs to FAdVs of species E and is part of a homogeneous clade composed by Greek-only sequences, sampled in 2013 [12,29]. These findings are in accordance with Frantzo et al. [29], who reported that 85.29% of strains involved in IBH outbreaks in the region of Epirus in Greece were of species E. Hence, the scenario that FAdVs of species E are dominant in Greece and can cause natural clinical diseases in chickens may be suggested.



FAdV isolates of this study were 98.76% to the Peruvian isolate (Accession n. MG765463), which belongs to species E and serotype 8b. During the last decade, FadV 8b has been associated with outbreaks of IBH in Poland [27], Spain [9], Slovenia [25], Turkey [38,39], Canada [49], Korea [5], Malaysia [50], South Africa [51], Peru [52], Iran [53], Brazil [54], and China [8].



The global chicken and egg trade can increase the chance for introducing viral pathogens, including FAdVs, to countries [55], whereas wild birds may provide an additional route as the cross-species transmission is already evident [56]. In FAdV epidemiology, both vertical and horizontal transmission are involved [13]. Although vertical transmission could be advocated in several outbreaks, the horizontal one was most likely involved in this outbreak. Contaminated vehicles, personnel, equipment, and biosecurity gaps could induce and spread the infection to the farm [57]; however, it is difficult to determine the actual route. From the history of the farm, the personnel started daily routine management from Flock A, to B, to C. We suggest that in our case, Flock A was initially infected, as it showed higher morbidity and mortality, and therefore was a route of transmission to the rest of the flocks. This scenario could support the diminutive manifestation of the disease from Flock A to C, however other factors, for those which were studied (e.g., house microenvironment, orientation etc.), could also be implemented.



Controlling horizontal transmission of the FAdVs may be achieved by strict biosecurity measures. Infected birds develop a viremia and increase shedding of the virus after 2–3 days in high loads with feces [58]. Lateral spread is possible because the virus is present in droppings and is resistant to inactivation [41]. Circumstantial evidence exists for spread by personnel and transport; therefore, hygienic precautions are required [27]. In our instance, the suspicion of IBH prompted us to apply strict biosecurity measures among the flocks for the rest of the rearing period, as well as in the farm generally. In addition, we suggested altering the daily routine management from Flock C, to B, to A. Maybe, this handling contributed to maintain Flock C clinically unaffected.



Since there is no treatment for IBH, a commercial poultry hepatoprotectant, a blend of silymarin, amino-acids, vitamins, and electrolytes, was administrated via drinking water to stimulate the liver function and the immune system of the affected birds, as previously proposed by Venne and Chorfi [59].



Adenoviruses are generally tolerant to heat and pH changes, as well as to the majority of commercial disinfectants [41]. Thus, district disinfection with disinfectants containing iodophor or aldehyde was suggested to reduce the possibility of the contamination of the next broiler flocks that are going to be placed in the farm. Furthermore, a minimum “chicken-free” downtime of 3 weeks was recommended to ensure the reduction of the viral load in the farm. Finally, the use of vectored IBD vaccine was proposed in order to reduce the immunosuppressive effect of attenuated and/or immune complex vaccines. Until today, the farm has not been challenged again with IBH; however, biosecurity and management are strictly supported by the flock’s staff.




5. Conclusions


The existence of multiple FAdV serotypes and the lack of interspecies cross-protection make the control of IBH extremely difficult. Thus, more epidemiological information should be collected, and a broad-spectrum FAdV vaccine is needed for the prevention of IBH. In Greece, there is a shortage of data about the prevalence of the disease in commercial poultry flocks. To the best of our knowledge, this study reported for the first time the implication of FAdV-8b in an outbreak of IBH in broilers in the country. In addition, with our study, the FAdV-8b has strong evidence to be a primary pathogen, causing disease and high mortality without correlation with IBDV, CAV, and mycotoxins. With this study, we aim to provide more epidemiological data about the distribution of FAdVs in commercial flocks. However, further work is needed to determine the virulence of this FAdV isolate.
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Figure 1. An affected 23-day old broiler chicken from Flock A. The bird revealed non-specific clinical signs including depression, lethargy, ruffling feathers, and inappetence. 
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Figure 2. A curve of the daily mortality recorded in each of the three flocks (Flock A–C) of the farm over the rearing period. Daily measurements represent the number of dead birds divided by the population at risk. 
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Figure 3. A dead 23-day-old broiler chicken from Flock A. During post-mortem examination, the presence of yellowish mucoid diarrhea, soiling the feather around cloaca, was visible. In addition, dermatitis lesions including hock marks and ulcers can been seen on the legs of the bird. 
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Figure 4. Gross-pathology findings on a 23-day-old broiler chicken, which was submitted for postmortem examination in the Unit of Avian Medicine, Thessaloniki, Greece during the IBH outbreak. The presence of hemorrhages on the skeletal muscles of the bird is visible, whereas, the liver dominates in the visceral capacity with the lobes of the organ appearing swollen with a marble-like pattern ranging from pale and yellowish to red-dark. 
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Figure 5. Post-mortem examination of a 23-day-old broiler chicken from the Flock A. The liver dominates in the visceral capacity with the lobes of the organ appearing swollen with a marble-like pattern ranging from pale and yellowish to red-dark. 
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Figure 6. The kidneys of an affected bird are pictured oedematous and mottled, enlarged with urates accumulation in the ureters. 
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Figure 7. Gross-pathology findings on the pancreas of a 23-day-old broiler chicken, which was submitted for postmortem examination in the Unit of Avian Medicine, Thessaloniki, Greece during the IBH outbreak. The presence of necrotic spots and hemorrhage or/and congestion are visible on the surface of the organ. 
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Figure 8. (a) Liver. Fatty degeneration and necrosis of hepatocytes and presence of intensely basophilic intranuclear inclusions bodies. H-E. Bar, 25 μm. (b) Liver. Fatty degeneration and necrosis of hepatocytes. Intranuclear inclusion bodies, eosinophilic surrounded by light halo (thin arrow) and basophilic (thick arrows), are obvious. H-E. Bar, 25 μm. (c) Liver. Marked centrally located inflammatory cell infiltration consists of lymphocytes, macrophages, plasmacytes, and heterophils. Hepatocytes show fatty degeneration and/or necrosis as well as basophilic intranuclear inclusions bodies. H–E. Bar, 50 μm. (d) Liver. Hepatocyte vacuolar degeneration is prominent, accompanied by areas of coagulative hepatocellular necrosis (arrows). H–E. Bar, 50 μm. (e) Bursa. Atrophy of lymphoid follicles with intense depletion of lymphocytes both in the cortex and medulla. H–E. Bar, 100 μm. (f) Thymus. Lymphoid depletion is prominent mostly in the cortex of the thymus, and interlobular spaces present mild edema and vascular distention. Note the scattered clear areas located mostly in the cortex, some of which contain small dark nuclei, characteristic of apoptosis in lymphoid organs. H–E. Bar, 100 μm. 
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Figure 9. (a) Spleen. Intense depletion of lymphoid follicles characterized by prominence of reticular cells in the absence of lymphocytes in the germinal center. H–E. Bar, 100 μm. (b) Kidney. Renal glomeruli are hypercellular due to increase in mesangial cell number (mesangio proliferative glomerulonephritis). Note a glomerulus with segmental glomerulosclerosis (arrow). Tubular epithelial necrosis, interstitial hyperemia, and hemorrhage are also observed. H–E. Bar, 50 μm. (c) Kidney. The tubular epithelium is characterized by necrosis, and in the interstitial connective tissue are seen aggregates of mononuclear inflammatory cells. H–E. Bar, 50 μm. (d) Bone marrow. Mild depletion. Sparse cells throughout the bone marrow present nuclear pyknosis and, more often, fragmentation suggesting necrosis of bone marrow. H–E. Bar, 50 μm. (e) Pancreas. Pancreatic lobules present loss of their architecture (absence of acini). The interlobular connective tissue is intensely increased, consisting of fibroblasts and collagen fibers, and is infiltrated by a few mononuclear cells. Additionally, a lobule reveals a large aggregate of mononuclear cells to its lower right side (arrows) H–E. Bar, 100 μm. (f) Skeletal muscle. Degeneration and necrosis of muscle fibers and infiltration of the perimysium and endomysium with mononuclear cells and heterophils. H–E. Bar, 50 μm. 
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Figure 10. Phylogenetic analysis of the isolated strain (LAB21-112) based on hexon L1. Strain LAB21-112 was sequenced in this study; the sequences of the other strains were downloaded from GenBank. The phylogenetic tree was generated by MEGA 7.0 software. 
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