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ABSTRACT 

Immunosuppressive diseases cause great losses in the poultry industry, increasing the 

susceptibility to infections by other pathogens and promoting a suboptimal response to 

vaccination. Among them, infectious bursal disease virus (IBDV) arises as one of the most 

important around the world. IBDV infects immature B lymphocytes, affecting the immune 
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status of birds and facilitating infections by other pathogens such as avian infectious 

bronchitis virus (IBV). Although it has been reported that the interaction between these 

viruses increases IBV clinical signs, there are no actual studies about the interaction between 

regional circulating isolates that validate this statement. In this context, the objective of our 

work was to evaluate the effect of the interaction between local isolates of IBDV (belonging 

to genogroup 4) and IBV (lineage GI-16) in chickens. Thus, specific pathogen free chickens 

were orally inoculated with IBDV genogroup (G) 4 or with PBS at 5 days of age. At 14 days 

post-inoculation (dpi) the animals were intratracheally inoculated with a GI-16 IBV or with 

PBS. At multiple time points, groups of birds were euthanized and different parameters such 

as histological damage, viral load, lymphocyte populations and specific antibodies were 

evaluated. The success of IBDV infection was confirmed by the severity of bursal atrophy, 

viral detection, and presence of anti-IBDV antibodies. In IBV infected animals, the presence 

of viral genome was detected in both kidney and bursa. The coinfected animals showed 

higher degree of lymphocyte infiltration in kidney, higher rate of animals with IBV viral 

genome in bursa at 28 dpi, and a clear decrease in antibody response against IBV at 28, 35, 

and 40 dpi. The results indicate that the infection with the local isolate of IBDV affects the 

immune status of the chickens, causing major severe damage, in response to IBV infection, 

which could consequently severely affect the local poultry industry. 

 

Key Words: coinfection, IBDV, IBV, Specific pathogen free chicken, local strain. 
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INTRODUCTION 

Infectious bursal disease virus (IBDV) is a non-enveloped virus with a segmented double-

stranded RNA genome belonging to the Birnaviridae family. It is capable of generating 

humoral immunosuppression against other pathogens but, curiously, not against itself 

(Skeeles et al., 1979; Azad et al., 1985; Sharma et al., 2000). It is known that the younger the 

animals infected with IBDV, the greater the immunosuppression (Faragher et al., 1974; Saif, 

1991). Traditionally, IBDV has been classified in antigenic terms as classic, variant and 

distinct. Variant and distinct strains that can evade the protection provided by vaccines 

formulated with classical strains causing severe atrophy of the bursa of Fabricius have been 

isolated in various parts of the world (Heine et al., 1991; Jackwood and Saif, 1987; Snyder et 

al., 1988; Sapats and Ignajatovic, 2000; Yamazaki et al., 2017). Particularly, strains known as 

distinct have been reported in Argentina, Eastern Asia, Eastern Europe, Brazil, Canada, and 

Uruguay (Domanska et al., 2004; Ojkic et al., 2007; Hernández et al., 2015; Vera et al., 2015; 

Yamazaki et al., 2017; de Fraga et al., 2019). In Argentina, it has been reported that most of 

the isolates obtained between 2005 and 2012, from animals with clinical signs, corresponded 

to distinct strains named at first "Argentinean lineage" and reclassified later as isolates 

belonging to genogroup 4 (G4) (Vera et al., 2015; Michel and Jackwood, 2017). It has been 

suggested that the high prevalence of these isolates in Argentinean poultry farms could be 

due to the evasion of the immune response induced by vaccines based on classical strains 

(Vera et al., 2015). It has been described that isolates from genogroup 4 can be pathogenic 

even for animals that were vaccinated with classical vaccines, although mortality was not 

reported (Jeon et al., 2009; Yamazaki et al., 2017; Tomás et al., 2019). Consequently, it could 

be relevant to evaluate the degree of immunosuppression generated by G4 IBDV and its 

effect on the co-infection with the local IBV variant.  
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Besides, infectious bronchitis virus (IBV) is an enveloped virus with a positive single-

stranded RNA genome belonging to the Coronaviridae family (De Groot, 2012). This virus 

replicates in respiratory, reproductive, kidney, and digestive tissues (Cavanagh et al., 1992). 

The most recent classification proposed by Valastro and co-workers consists in six main 

genotypes (GI–GVI) and 32 viral lineages (1-32) (Valastro et al., 2016). It is considered a 

relevant avian viral pathogen that causes great losses in the poultry industry after avian 

influenza virus and Newcastle disease virus (OIE, 2017). Despite extensive vaccination 

programs against avian bronchitis (IB), it remains a threat in South America and throughout 

the world (Alvarado et al., 2005; Rimondi et al., 2009; Marandino et al., 2017). IBV strains 

belonging to GI-1 (vaccine strains), GI-11 and GI-16 have been reported to be present in 

Argentinian flocks for long time, being GI-11 located exclusively in South America 

(Marandino et al., 2017; Marandino et al., 2021; Marandino et al., 2022).  

In 2013, high mortality episodes were reported in broiler chickens in Argentina (>15 %), and 

isolates belonging to GI-16 were repeatedly detected (Gerez et al., 2021). In addition, it has 

been suggested that a local strain called A13 isolated from Argentinean flocks, belonging to 

GI-16, can replicate in animals subjected to different vaccination schedules (Gerez et al., 

2021). 

It has been reported that IBV infection can be aggravated by previous infections with IBDV 

(Pejkovski et al., 1979). Moreover, animals vaccinated with an immune-complex IBDV 

vaccine and subsequently vaccinated with an attenuated IBV vaccine were found to have 

altered immunological parameters compared to animals vaccinated with a recombinant 

vaccine (Lupini et al., 2020). 

In order to gain insights into the pathogenicity of local viral strains and to test whether the 

immunosuppression elicited by IBDV could explain the IBV outbreaks, we performed an 

experiment of two serial infections with both viruses and measured infectivity parameters. 
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MATERIALS AND METHODS 

Experimental chickens 

Embryonated eggs laid by specific pathogen free (SPF) White Leghorn hens were purchased 

from Instituto Rosenbusch S.A. (Buenos Aires, Argentina) and hatched in an automatic 

incubator (Yonar, Buenos Aires, Argentina). Chickens were kept in individual cages with 

food and water ad libitum. All procedures were performed in agreement with institutional 

guidelines and approved by the Institutional Animal Care and Use Committee (CICUAE-

13/2019). 

 

Viruses 

The infectious bursal disease virus [1/chicken/ARG/P33/15 (P33)], belonging to genogroup 4 

(GenBank accession number MN313610.1) and the infectious bronchitis virus 

[AR/13/BA/A13 (A13)], belonging to genogroup I-16 (GenBank accession number 

MH718950.1), were both isolated from commercial establishments (Tomás et al., 2019; 

Marandino et al., 2019). These viruses were amplified in embryonated White Leghorn SPF 

eggs and viral stocks, obtained after five passages, were kept at -80 ºC and titrated as 

previously described (Jaton et al., 2022). 

 

Experimental procedure 

Fifty-six White Leghorn SPF chickens were randomly divided into four groups. One group 

(n=14) was inoculated with 102 ELD50 of IBDV at 5 days of age and with sterile phosphate-

buffered saline (PBS) at 14 days post inoculation (dpi) (IBDV group). Another group (n=14) 

was inoculated with PBS at 5 days of age and with 2x105 ELD50 of IBV at 14 dpi (IBV 

group). A third group (n=14) received 102 ELD50 of IBDV at 5 days of age and 2x105 ELD50 
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of IBV at 14 dpi by the oral route (IBDV/IBV group). Finally, the control group (n=14) 

received PBS at 5 and 19 days. Four or five chickens were sacrificed at 21 and 28 days post 

first inoculation. The remaining five chickens were kept until day 42 pi for clinical 

observation and serological evaluation. Food (Metrive S.A., Buenos Aires, Argentina) and 

water were provided ad libitum. 

 

Clinical signs, gross analysis, and sample processing 

Chickens were monitored daily for any anomaly. We looked for typical signs of IBDV and 

IBV such as depression, watery diarrhea, ruffled feathers and dehydration. In addition, in the 

case of IBV, we looked for the presence of respiratory signs. At different time points, 

chickens were euthanized and post-mortem examinations were carried out to evaluate body 

and bursa weight and histopathological changes. In addition, bursa, kidney, and spleen were 

harvested, observed for macroscopic lesions, weighed and cut into several pieces. One piece 

of bursa and kidney was submerged in TransZol solution (TransGen Biotech, Beijing, China) 

for RNA extraction. Another piece of bursa and spleen were submerged in RPMI culture 

medium (Gibco, Grand Island, NY, USA) for lymphocyte isolation, and the remaining piece 

was submerged in 10 % formalin for histopathological analysis. Sera were collected at 14, 21, 

28, 35, and 40 days post-inoculation (dpi) for the detection of anti-IBDV and anti-IBV 

specific antibodies. 

 

Bursa to Body Weight Ratio 

Body and bursa weights were used to calculate the bursa to body weight ratio (BB ratio) 

according to the following formula: BB ratio = [bursa weight (g)/body weight (g)] x 1000 

(Raji et al., 2017). 
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Histopathological analysis 

Bursa and kidney samples were submerged in 10 % neutral buffered formalin and paraffin-

embedded. Sections were stained with hematoxylin and eosin following standard histological 

procedures and they were microscopically examined for the presence of lesions under light 

microscopy. Table 1 shows bursal lesions and the weighting factor (WF) assigned to them 

according to the importance and compromise of the organ functionality. The severity was 

determined by evaluating each lesion in 5 fields at 100X and giving a Lesion Score (LS) 

value from 0 to 4, where 0 = normal BF, 1 = <25 %, 2 = 25-50 %, 3 = 50-75 % and 4 = 75-

100 % of affected tissue. Then, the bursal score (BS) was calculated using the formula:  

BS =  Lesion Score (LS) x Weighting Factor (WF) 

In the kidney, we evaluated inflammatory cell infiltration (II) and hemorrhage (H). The 

severity was determined by evaluating each lesion in 5 fields at 100X and scoring them from 

1 to 4, where 1 = normal, 2 = <33 %, 3 = 33-66 % and 4 = 66-100 % of affected tissue. 

 

Humoral immune response 

Sera obtained from chickens were tested for specific anti-IBDV antibodies using an indirect 

ELISA based on IBDV subviral particles (SVP) developed in our laboratory (Gómez et al., 

2020). Briefly, 96-well Maxisorp™ Nunc™ flat-bottom plates (Thermo Scientific, USA) 

were coated with 95 ng of SVP per well in 0.1 M carbonate-bicarbonate buffer, pH 9.6, 

overnight at 4 °C. After blocking with 4 % skim milk in PBS-T (0.05 % Tween 20), plates 

were subsequently incubated with a 1:400 dilution of sample sera, washed, and incubated 

again with a 1:4000 dilution of goat anti-chicken IgG antibodies coupled to horseradish 

peroxidase (Bethyl Laboratories, USA). The revealing step was performed using ABTS 

substrate (Sigma-Aldrich, USA)-H2O2 in citric acid buffer, pH 5. Reading was done at 
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405 nm after 20 min of incubation. Results were expressed as Percentage of Positivity (PP) 

using the formula:  

 PP = [(A405nmS – A405nmNC) / (A405nmPC – A405nmNC)] x 100, 

 where PC: positive control, NC: negative control, S: sample. 

In addition, sera obtained from chickens were tested by duplicate for specific antibodies 

against IBV using an indirect ELISA developed in our laboratory. Briefly, IBV antigen was 

obtained by infection of embryonated eggs and subsequent collection of allantoic fluid and 

purification by sucrose gradient. The antigen was diluted in 50 mM carbonate/bicarbonate 

buffer pH 9.6 at a concentration of 300 ng/well and used to coat 96-well plates (Thermo 

Scientific, USA), which were incubated for 16 hours at 4 °C and then washed 3 times with 

PBS-T. Subsequently, plates were blocked with 150 µl/well of PBS-T 5 % adult equine 

serum (AES) + 5 % normal goat serum (NGS), for 1 hour at 37 °C. Once the blocking 

solution was discarded, serum samples were added at a 1/100 dilution in PBS-T 5 % AES + 5 

% NGS and incubated for 1 hour at 37 °C with shaking. After three washes with PBS-T, a 

commercial anti-chicken IgG antibody labeled with peroxidase (Bethyl Laboratories®) was 

added to the plates at a 1/10.000 dilution in PBS-T 5 % AES + 5 % NGS. Plates were 

incubated for 1 hour at 37 °C with shaking. Subsequently, they were washed 3 times with 

PBS-T and the development of the assay was carried out with TMB (Sigma-Aldrich, USA). 

The reaction was stopped with 2N H2SO4 after 7 minutes. Optical density (OD) values were 

recorded with an automatic Multiskan EX microplate reader (Thermo Labsystems) at 450 

nm.  

Results were expressed as Percentage of Positivity (PP) using the formula:  

 PP = [(A450nmS – A450nmNC) / (A450nmPC – A450nmNC)] x 100, 

 where PC: positive control, NC: negative control, S: sample. 
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Flow cytometry 

Mononuclear cells were isolated from bursal and spleen samples and used to study T and B 

cell populations by flow cytometry as previously described (Jaton et al., 2022). Briefly, 

bursae were cut into very small pieces and mechanically disrupted by pressing with a syringe 

plunger, in RPMI 1640. Then, cellular suspensions were passed through a 40 μm mesh (Cell 

Strainer, BD), and mononuclear cells were isolated by centrifugation over a Histopaque 

density gradient (1.077 g/ml; Sigma, St. Louis, MO) at room temperature. Cells were 

recovered from the interface, washed, and live cells were counted using trypan blue 

exclusion.  

Then, cells were diluted in staining buffer and 1x106 cells per well were seeded on 96 well 

plates (V-shape) and washed twice with the same buffer. Staining was performed by 

resuspending cells in different combinations of antibodies, or as single-color stainings for 

compensation. Cells were incubated at 4 °C for 30 min and washed twice with staining 

buffer. Monoclonal antibodies (mAbs) anti-chicken: CD4-PE, CD8a-FITC, TCRγδ-PE and 

IgM-FITC were purchased from Southern Biotech (Birmingham, AL). All the antibodies 

were titrated to determine the optimal staining concentration of each one. Positive cells were 

analyzed with a FACSCalibur flow cytometer (BD Biosciences, San Jose, CA) and FlowJo 

software, LLC. Lymphocyte gates were defined by the forward/side scatter characteristics of 

the cells and 30,000 events were analyzed for each sample. 

 

Viral load 

Total RNA was extracted from pieces of bursa and kidney and stored in TransZol (TransGen 

Biotech Co., Ltd., Beijing, China) according to the manufacturer´s protocol. The quantity and 

quality of the extracted RNA were determined using a NanoDrop™ ND-1000 (Thermo 

Fisher Scientific, Wilmington, DE) and agarose gel electrophoresis. The complementary 
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DNA (cDNA) synthesis and qPCR were performed in a single-step reaction using Luna® 

Universal Probe One-Step RT-qPCR Kit (New England Biolabs, MA) according to the 

manufacturer's protocol. Primers used for retrotranscription and amplification of IBV were 

216-f: 5′TACATCCGTTGCTTGGGCTA3′ and 490r: 5′ACCAGAACCTGTCACCTC3′ 

which amplifies a 275 bp product belonging to the IBV genome starting from position 216 to 

position 491. Primers used for retrotranscription and amplification of IBDV were VP1f: 

5´CCAACACACCTCATGATCTC3´ and VP1r: 5´GTCAATTGAGTACCACGTGTT3´ that 

amplify a product of 222 bp belonging to VP1 gene. The number of viral copies per 

microgram of RNA was calculated by extrapolation with a standard curve generated by 

qPCR.  

 

Statistical analysis 

One-way ANOVA was used to perform statistical analyses and mean differences were 

analyzed with the Tukey test. The Shapiro-Wilk and Levene tests were applied to verify the 

assumptions. Transformation of data was also applied when normality was not assumed. 

When assumptions were not fulfilled, Kruskal–Wallis non-parametric test or Wilcoxon non-

parametric was applied followed by Wilcoxon pairwise comparison. The p-value was set to 

<0.05 for the statistical tests. All the analyses were done using R 3.4.1 (R core team) and 

agricolae package (De Mendiburu, 2014). 

 

 

RESULTS 

Bursa to Body Weight Ratio 
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Chickens were infected with a local isolate of IBDV G4 and subsequently (14 days later) 

with a local isolate of IBV GI-16, to determine if IBDV infection altered IBV pathogenicity. 

No clinical signs were observed along the experiment. 

To determine the degree of bursal atrophy in IBDV infected animals, the BB ratio was 

measured at 21, 28, and 42 dpi with IBDV (N=5, N=4, and N=5, respectively). Figure 1 

shows that all animals infected with IBDV presented significantly lower BB ratios than non-

IBDV infected animals; furthermore, no differences were observed between IBDV and 

IBDV/IBV groups (two-way ANOVA test and Tukey post hoc test, p < 0.05). In addition, the 

BB ratio remained altered up to 42 days post-infection, indicating that animals could not 

recover the normal size of the bursa during the time of the experiment. 

Histopathological observation of bursa and kidney 

Samples of bursa and kidney were taken to determine histological damage on each time 

point. The lesions evaluated in bursa included: lymphoid depletion (LD), fibrosis (F), 

inflammatory cell infiltration (II), edema (E), necrosis (N), intraepithelial cysts (IEC) and 

intrafollicular cysts (IFC). In the kidney, inflammatory infiltrate (typical IBV lesion) and 

hemorrhage were observed. The Figure 2A shows that those chickens inoculated with IBDV 

presented characteristic lesions of infection at 21, 28 and 42 dpi. Thus, only groups infected 

with IBDV are shown, since the others did not present any type of bursa lesion. The 

maximum damage degree was registered at 21 dpi; then it decreased and remained low until 

42 dpi. Figures 2B and 2C show that groups inoculated with IBDV presented differences on 

kidney scores at 21 and 28 dpi. Particularly, IBDV/IBV group was the only one that showed 

lesions at 21 dpi when analyzing the inflammatory infiltrate; however, on day 28 pi, no 

differences were detected between IBDV and IBDV/IBV groups (Fig. 2B). Regarding kidney 

hemorrhage, IBDV/IBV group presented the highest number of animals with severe degree of 
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injury on day 21 pi. On the other hand, no major differences were observed between infected 

groups at 28 dpi, showing that both viruses can produce hemorrhage in kidney (Fig. 2C). 

Both kidney parameters, hemorrhage and lymphocytic infiltrate, were recovered at 42 dpi. 

Figure 2D shows the most typical lesions found in bursa and kidney. 

 

Humoral immune response 

Antibody response against IBDV and IBV was determined by ELISA. Results were 

expressed as the percentage of positivity (PP). All chickens belonging to the groups that were 

inoculated with IBDV presented PP above 20 % (from 14 to 40 dpi), proving the infection 

was successful (Figure 3A). Besides, the kinetics of antibodies against IBV was determined. 

Figure 3B shows that at 28 dpi (14 days after IBV infection) the percentage of positivity of 

anti-IBV antibodies was significantly decreased in chickens coinfected with IBDV in 

comparison to animals that had been infected only with IBV, remaining lower until the end of 

the experience (Wilcoxon-test: *p<0,05).  

 

Flow cytometry 

At 21 and 28 IBV dpi, mononuclear cells from bursa and kidney were isolated and labeled 

with different staining panels. Thirty thousand events from each sample were analyzed and 

results are expressed as a percentage of populations and subpopulations in side and forward 

scatter viable lymphocyte gate. 

No differences were observed in lymphocyte populations proportions in bursa of IBDV, 

IBDV/IBV and IBV infected animals in comparison to control group, being Bu+ B cells >95 

% of total bursal cells (data not shown). When analyzing spleen, we observed some 

alterations in lymphocyte populations (Figure 4). Differences in CD8+ cells between IBDV 

and control and between IBDV/IBV and IBV groups were observed at 21 dpi, being animals 
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infected with IBDV the ones that showed higher percentage of CD8+ cells, while CD4+ cells 

showed no significant differences in the frequency between groups in any analyzed days. The 

analysis of TCRγδ+ cells showed that only IBDV/IBV presented significant differences with 

control and IBV groups at 21 dpi, while both IBDV and IBDV/IBV had a significantly higher 

percentage of these cells in spleen than the control at 28 dpi. All statistical analyses were 

conducted using ANOVA test and Tukey's post hoc test, p < 0.05. 

 

Viral load 

To determine how coinfection affects IBV viral replication, we evaluated differences in IBV 

viral load by RT qPCR in kidney and bursa of chickens infected with IBV or with 

IBDV/IBV.  

We found no significant differences in kidney or in bursa at the time points between both 

groups, indicating that previous infection with IBDV did not alter IBV replication. No IBDV 

viral load was detected in bursa at 28 dpi in animals from IBV group. 

In addition, we quantified the viral genome in IBDV and IBDV/IBV groups, in order to 

determine if the infection with IBV altered the viral load of IBDV in the bursa. We found no 

significant differences between groups, despite the coinfected animals presented higher viral 

load at 21 dpi. Notably, viral loads were extremely low at both times, probably due to 

sampling time (Figure 5).  

 

DISCUSSION 

Immunosuppression caused by IBDV is a major concern in the poultry industry. Previous 

research has shown that the severity of the immunodepression is higher in young chickens, 

leading to complications with other pathogens (Faragher et al., 1974; Saif, 1991; van den 

Berg et al., 2000; Gimeno and Schat, 2018; Tomás et al., 2019). Although maternal 
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antibodies and vaccines may provide some initial protection, some viral variants can still 

evade immunity and cause infection in young animals (Yamazaki et al., 2017). The previous 

infection with IBDV can intensify the pathogenicity of many morbid agents, such as IBV 

(Pejkovski et al., 1979). In 2013, an outbreak of IBV in Argentina caused a mortality rate 

above 15 % (Gerez et al., 2021). To better understand the pathogenicity of local isolates and 

to investigate whether the immunosuppression caused by an IBDV isolate could explain in 

some extent the 2013 IBV outbreak, we performed an experiment involving two serial 

infections with both viruses, measuring infectivity parameters.   

Usually, IBDV causes histological damage and reduction in bursal size at the age of 

susceptibility (3 to 6 weeks old), but the effects on these parameters at earlier ages of birds 

are not well known. During the analysis of histological damage in bursa and reduction of the 

BB ratio we observed that the strain 1/chicken/ARG/P33/15 was able to generate severe 

atrophy and damage of bursa indicating that this strain had similar pathotype behavior as 

other isolates of the same genogroup in SPF chickens (Yamazaki et al., 2017; Tomás et al., 

2019). 

We found a significant reduction of anti-IBV antibody titers from 14 days after IBV 

inoculation, indicating that our IBDV isolate partially affected humoral response against IBV. 

Similar results were reported by Lupini et al. using an immunocomplex IBDV vaccine at 1 

day of age and an attenuated IBV vaccine 14 days later (Lupini et al., 2020). Although the 

authors did not consider the cut-off point suggested by the commercial kit (ELISA-IDEXX), 

they reported significant differences in antibody titers at 14 and 21 days after IBV 

vaccination in animals that had been previously vaccinated against IBD. Tomás and 

colleagues described similar results using a strain belonging to G4 (Tomás et al., 2019). 

Animals infected at 1 day of age with 1/chicken/URY/1302/16 and vaccinated 15 days later 
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with a live NDV vaccine showed significant decrease in antibody titers 15 days after 

vaccination in comparison to the uninfected group (Tomás et al., 2019).  

The local isolate of IBV A13 used in the present study can replicate in kidneys of infected 

animals (Gerez et al., 2021). Therefore, we analyzed the lesions observed in that tissue, 

(Collisson et al., 2000; Lisowska et al., 2021). We found that only those chickens previously 

infected with IBDV showed a high lymphocytic infiltrate score at 21 dpi (7 days post IBV 

inoculation), while no differences were evidenced at 28 dpi. Conspicuously, these results did 

not correlate with a decrease in viral load at 28 dpi, since it has already been shown that 

lymphocytic infiltration is responsible for viral clearance (Collison et al., 2000). Similar 

results were observed by Xu et al. when studying the response of chickens co-infected with 

IBDV and a fowl adenovirus, finding that the co-infected group showed the highest score up 

to 7 dpi (Xu et al., 2021). These results might indicate that a previous infection with IBDV 

has an impact on the acute phase of IBV infection, allowing a faster innate immune response 

in the target organ. On the other hand, the presence of haemorrhage was detected only in 

IBDV-infected animals and at 21 dpi. The ability of IBDV to cause haemorrhage in the 

kidney has been previously described elsewhere (Ley et al., 1983; Singh et al., 2015). On the 

other hand, several studies have shown that IBV infection can produce haemorrhage in 

kidney at 7 dpi or earlier (El-Bahrawy et al., 2017; Najimudeen et al., 2022). In this work, we 

describe for the first time the ability of A13 isolate to cause kidney haemorrhage.   

When analyzing cell populations by flow cytometry we observed low BB ratios along with 

high histological damage in the bursa of IBDV infected chickens. The frequency of 

lymphocyte populations did not show differences to control chickens, being mainly Bu+ cells 

(data not shown). Interestingly, Lupini and colleagues reported similar results when 

analyzing lymphocyte populations in the spleen, Harderian gland and trachea (Lupini et al., 

2020). It has been described that several IBDV isolates produce lymphoid depletion during 
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the first days after infection that could be reversed later (Kim et al., 1999; Jaton et al., 2022). 

Although lymphocyte populations were able to recover after IBDV infection at the evaluated 

time points, it cannot be stated that the bursa fully recovers its function, which was suggested 

by the reduced ability of animals in the IBDV/IBV group to produce antibodies against IBV. 

The analysis of IBV viral load in kidney did not reveal significant differences among groups 

at 21 dpi. However, at 28 dpi, a trend towards higher viral load was observed in IBDV/IBV 

treated chickens compared to IBV-infected ones. It is noteworthy that IBV isolates are known 

to be able to replicate in the bursa (Ambali and Jones, 1990). Nevertheless, at 28 dpi, 

although viral loads were extremely low, 3 out of 5 animals in the IBDV/IBV group tested 

positive, while none in the IBV group.  

This result suggests that the previous infection with IBDV may delay (in some way) the IBV 

clearance, contributing to a longer viral detection in the bursa. It has been shown that feces 

containing IBV is capable of infecting other animals (De Wit, 2000). Therefore, it is possible 

to assume that by remaining a longer time in the intestinal tract, the viral spreading period is 

consequently lengthened.   

This study shows that there are differences between chickens infected with both IBDV and 

IBV when compared with those infected only with IBV. Given that laboratory conditions are 

more controlled than those found in poultry farms (de Wit and Cook, 2014), it is likely that 

coinfection in commercial farms might result in a more severe problem and higher losses for 

poultry production than those reported in this study. Our data support the importance of 

implementing the necessary sanitary measures to minimize the risk of co-infection of the 

flocks with these two avian viral pathogens. 
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Table 1: Weighting factors (WF) of histopathological lesions in bursa 

 

Lesion WF assigned 

Lymphoid depletion (LD) 5 

Fibrosis (F) 4 

Inflammatory cell infiltration (II) 3 

Edema (E) 4 

Necrosis (N) 4 

Intraepithelial cysts (IEC) 1 

Intrafollicular cysts (IFC) 5 
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Figure 1. Bursa to body weight ratios of Control, IBDV, IBDV/IBV and IBV groups. 

Chickens were sacrificed and weighed at different post-infection time points. Bursectomy 

were performed and bursae were weighted. Individual BB ratios were determined by the 

formula [bursa weight (g) / body weight (g)] × 1000. The box plots represent data 

distribution. Different letters indicate significant differences among groups (two-way 

ANOVA test and Tukey post hoc test, p < 0.05). 
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Figure 2. Histopathological evaluation of bursa and kidney. Bursae and kidneys extracted at 21, 28 

and 42 dpi, were fixed and stained for histological evaluation. (A) Bursal score of IBDV and 

IBDV/IBV groups. The p-value is shown for each day (t-test). (B and C) Proportion of chickens with 

differences in score of inflammatory infiltrate (B) and hemorrhage (C) in the kidney. Colors indicate 

the severity of the lesion. (D) Representative photographs of the most typical bursal and renal lesions. 
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Lymphoid depletion (black arrow), inflammatory infiltrate (red arrow), edema (light blue arrow) and 

haemorrhage (green arrow). 

 

Figure 3. Anti-IBDV and anti-IBV humoral immune response. The percentage of positivity (PP) of 

anti-IBDV (A) and anti-IBV (B) antibodies was determined at 14, 21, 28, 35 and 40 dpi with an 

indirect ELISA specific for IBDV or IBV, and the mean PP values ± SD are shown for each group at 

these time points; data from the IBV and Control (A) and IBDV and Control (B) were less than 20 % 

(data not shown). Significant differences between IBDV/IBV and IBV groups were observed at 28, 

35, and 40 dpi (Wilcoxon-test: *p<0,05). 
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Figure 4. Analysis of lymphocyte populations of spleen by flow cytometry. Mononuclear cells were 

isolated from spleen, stained with different combinations of antibodies, and analyzed by flow 

cytometry. The lymphocyte population was gated according to size and complexity. The results are 

shown as the percentage of cells in each analyzed group. (A) Percentage of CD4+, CD8, and TCRgd 

at 21 dpi. (B) Percentage of CD4+, CD8+, and TCRgd at 28 dpi. Different letters indicate significant 

differences among groups (two-way ANOVA test and Tukey post hoc test, p < 0.05). 
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Figure 5. Detection of IBV and IBDV viral load. IBV was detected in  kidney (A) and bursa (B) and 

IBDV viral load was measured I bursa (C). Kidney and bursa were collected at 21 and 28 dpi and 

total RNA was extracted. The number of IBV and IBDV viral copies/μg total RNA was estimated by 

RT-qPCR. individual logaritmic values (dots), as well as box plots representing data distribution, are 

show for each group. The p-value is shown for each day (t-test). 
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