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Abstract: Viral respiratory diseases infecting poultry lead to variable lesions in the respiratory 
organs, including nasal sinuses, eyelids, trachea, lungs, and air sacs. The distribution and the 
intensity of lesions depend on multiple factors, including virulence, the host’s immunity, and 
secondary or concurrent infections. It may be challenging to detect remarkable lesions during 
experimental infections conducted in a controlled environment. This creates a challenge in 
developing a reliable model to study pathogenicity or vaccine efficacy experimentally. The 
development of the proposed histologic respiratory index (HRI) aims to help monitor the least 
microscopic changes that can be scored, thereby creating an objective and accurate grading of lesions 
in experimentally infected birds. HRI scores the changes in respiratory mucosa, including 
hyperplasia, metaplasia, inflammatory cellular infiltration in the submucosa, including lymphocytes 
and heterophils, and vascular changes (vasculitis) in nasal sinuses, eyelids, trachea, and lungs. The 
score was validated in birds infected experimentally with avian metapneumovirus (aMPV) and low 
pathogenic avian influenza (LPAI-H4N6). The HRI was reliable in grading lesions in the respiratory 
organs of experimentally infected birds compared with non-infected control birds. The HRI was 
initially proven to be a reliably recruited in pathogenicity and vaccine trials of certain poultry 
respiratory viral diseases.  

Keywords: viral respiratory diseases; experimental infection; histologic respiratory index; aMPV; 
LPAI; scoring  
 

1. Introduction 

Viral respiratory diseases in poultry have been implicated in significant mortalities and 
economic losses in the poultry industry worldwide for decades [1]. The financial losses are associated 
with concurrent or secondary infections, which result in significant clinical disease and lesions [2]. 
However, experimental infection to study viral pathogenesis and vaccine safety/efficacy may not 
produce the significant lesions seen in the field situation [3–5]. This challenge creates a need for an 
objective grading scheme to score subtle histological changes that may go unnoticed in controlled 
experimental trials. The histologic respiratory index (HRI) is designed to assess multiple histologic 
features that are expected to change after experimental viral infection in poultry. 

The histopathological changes in the affected tissues provide significant information about the 
pathogenicity, virulence, tissue tropism, and comparative pathogenicity of various pathogens. This 
helps understand the dynamics, clinical severity, and mechanism of infection progression [6]. The 
histological lesions assessment can also serve as a subjective tool, a scoring system, to evaluate the 
efficacy of vaccines and the development of an integrated challenge model for vaccine assessment 
[7]. Our team has previously developed a specific scoring system for the hock joints and 
gastrocnemius tendons, known as histologic inflammation scores, to evaluate the extent of turkey 
reovirus infection [8]. This scoring system represents a unique and objective tool, not only in the field 
of turkey reovirus diagnosis but also in research studies. This histologic inflammation score was 
effectively utilized to understand the pathogenicity of turkey reoviruses, as well as any newly 
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emerged variants and their host ranges [9,10]. It also helped determine the dynamics of infection and 
associated immunity [11]. Moreover, it was a crucial tool in the challenge model, which was used to 
assess the developed vaccines against turkey reoviruses [12]  

Therefore, this work explains the detailed HRI and the validation in birds inoculated 
experimentally with two poultry respiratory viruses. The validated HRI will be used in experimental 
pathogenicity and vaccine evaluation trials.  

2. Materials and Methods 

2.1. Grading Scheme:  

Nasal sinuses (Figure 1a-d), including the nasal turbinate and infraorbital sinus, are scored at 
two levels: mucosa and submucosa. Respiratory mucosa hyperplasia/metaplasia takes 1-point, 
desquamated mucosa within the lumen takes one more point. Submucosal lymphocytes take 1 point 
with a small number of lymphocytes and 2 points if they are too numerous to count (above 100 in 
one 400X microscopic field). An additional 1-point is added when there is infiltration of heterophils 
in the submucosa or mucosa. If there is vasculitis in the submucosa, 1-point is counted. The scores of 
the nasal turbinate and infraorbital sinuses are added to give total nasal sinus scores. Similarly, 
trachea and eyelids (Figure 1e) are graded considering mucosal hyperplasia/metaplasia, luminal 
debris, submucosal lymphocytes, heterophils, and vasculitis (One point each). Lungs (Figure 1f-h) 
are scored considering hyperplasia in the bronchial associated lymphoid tissue (BALT- 1point), 
germinal center formation (1 point), air capillaries lymphocytic infiltration (1 point or 2 points in 
more than 100 in one 400X microscopic field), and vasculitis (1 point) (Figure1a-h). The sum of scores 
of the nasal sinuses, trachea, lungs, and eyelids forms the value of the histologic respiratory index 
(HRI). 

 

Figure 1a. Normal nasal and infraorbital sinuses. 
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Figure 1b. Lymphocytic infiltration in the submucosa of the nasal sinus. 

 

Figure 1c. Nasal respiratory mucosa hyperplasia and metaplasia, along with lymphocytic infiltration in the 
submucosa of the nasal sinus. 
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Figure 1d. Heterophilic infiltration in the mucosa and submucosa of the infraorbital sinus, mixed with 
lymphocytic infiltration as well as vasculitis. 

 

Figure 1e. Multifocal lymphocytic infiltration and vasculitis in the submucosa of the eyelid. 
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Figure 1f. Bronchial-associated lymphoid tissue (BALT) hyperplasia around the secondary bronchi (Lungs). 

 

Figure 1g. Multifocal vasculitis around the secondary bronchi (Lungs). 
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Figure 1h. Multifocal lymphocytic infiltration in the air capillaries around the parabronchus (Lungs). 

2.2. Validation of HRI:  

Nasal sinuses, trachea, lungs, and eyelids from experimentally infected birds were scored in 
comparison to non-infected controls. Four trials were conducted where turkeys and chickens were 
inoculated with avian metapneumovirus (aMPV subgroup B- two trials in turkeys and one trial in 
chickens) and low pathogenic avian influenza (LPAI H4N6- one trial in turkeys). Turkeys and 
chickens were inoculated in two trials with aMPV subgroup B via oral/nasal route at different ages 
(1-, 7-, and 14-day-old turkeys, 7- and 14-day-old chickens) and were euthanized followed by sample 
collection at 3-, 5-, and 7-days post inoculation (DPI) for histological evaluation. In another trial, 
turkeys were inoculated with aMPV subgroup B at 7 days of age via the oral/nasal route, and 
euthanasia with sample collection was done 10 DPI. Using another respiratory virus, turkeys were 
inoculated with LPAI H4N6 via oral/nasal route at 7 days old, and birds were euthanized and 
samples collected for histologic evaluation at 7 DPI.   

3. Results 

3.1. Turkeys infected with aMPV at 1-day-old (Figure 2a) had a higher total HRI compared with noninfected 
controls. The gap between the two groups increased significantly as the birds aged. Sinus and eyelid scores 
were the main contributors to the difference between the control and infected groups. A similar pattern was 
observed in groups inoculated at 7- and 14-day-old (Figure 2 b-c), but with higher scores. Sinus was the 
central part of the score difference, followed by the eyelids.  
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Figure 2a. Histologic respiratory index (HRI) at 3-, 5-, and 7-days post infection (DPI) in turkeys inoculated with 
AMPV at 1-day-old. Total HRI, sinus, and eyelid scores are higher in infected birds compared with noninfected 
controls. 

 

Figure 2b. Histologic respiratory index (HRI) at 3-, 5-, and 7-days post infection (DPI) in turkeys inoculated with 
AMPV at 7-day-old. Total HRI, sinus, and trachea scores are higher in infected birds compared with noninfected 
controls. 
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Figure 2c. Histologic respiratory index (HRI) at 3-, 5-, and 7-days post infection (DPI) in turkeys inoculated with 
AMPV at 14 days of age. Total HRI, sinus, eyelid, and trachea scores are higher in infected birds compared with 
noninfected controls. 

3.2. Chickens infected with aMPV at 7- and 14-day-old (Figure 3a-b): A similar pattern to the turkeys 
inoculated with AMPV at 7- and 14-day-old. Similarly, sinuses and eyelids created the main difference 
between the control and infected groups.  

 

Figure 3a. Histologic respiratory index (HRI) at 3-, 5-, and 7-days post infection (DPI) in chickens inoculated 
with AMPV at 7-day-old. Total HRI, sinus, and eyelid scores are higher in infected birds compared with 
noninfected controls. 
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Figure 3b. Histologic respiratory index (HRI) at 3-, 5-, and 7-days post infection (DPI) in chickens inoculated 
with AMPV at 14 days of age. Total HRI, sinus, and eyelid scores are higher in infected birds compared with 
noninfected controls. . 

3.3. Turkeys inoculated with aMPV at 7 days of age showed higher lesion scores at 10 DPI compared with the 
non-infected control group. Sinus and eyelids were the main organs scoring points compared with other 
organs (Figure 4a).  

 
Figure 4a. Histologic respiratory index (HRI) at 10 days post-infection (DPI) in turkeys inoculated with AMPV 
at 7 days of age. Total HRI, sinus, and eyelid scores are higher in infected birds compared with noninfected 
controls. 
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3.4. Turkeys inoculated with low pathogenic avian influenza (LPAI-H4N6) at 7 days of age had also 
increased histologic lesion scores at 7 DPI compared with the non-infected control group. Sinus, lungs, 
eyelids, and trachea were orderly contributing to a higher total HRI (Figure 4b). 

 

Figure 4b. Histologic respiratory index (HRI) at 7 days post infection (DPI) in turkeys inoculated with low 
pathogenic avian influenza (LPAI-H4N6) at 7 days of age. Total HRI, sinus, trachea, lungs, and eyelid scores are 
higher in infected birds compared with noninfected controls. 

4. Discussion 

The development of an objective histologic score for respiratory organs in poultry is necessary 
for a detailed and unbiased evaluation of disease pathogenicity. It is also a potential tool in 
establishing the challenge model needed for any vaccine evaluation. While conducting viral 
respiratory pathogenicity trials under a controlled environment, observing striking gross lesions may 
not be achieved due to the absence of secondary bacterial infection in the experimentally infected 
birds [13]. Additionally, experimentally infected birds may recover after a few days with no 
observable lesions or clinical signs of disease [14]. That is why using a validated histologic score for 
respiratory organs is strongly recommended to accurately monitor microscopic changes in a metric 
pattern. The HRI not only provides a sum of scores for different respiratory organs, considering 
expected cellular changes after respiratory viral pathogens in poultry, but it also offers detailed 
information about lesion intensity, progression, and distribution in various respiratory organs.   

The score takes into account a variety of mucosal and submucosal changes that occur during 
and after respiratory viral infections. Respiratory mucosal cells hyperplasia, metaplasia, breakdown, 
and subsequent formation of luminal debris are subsequent changes seen during respiratory viral 
infection in poultry [15–17]. Scoring any respiratory mucosal cellular change is representative, as well 
as the additional score for the luminal cellular debris after respiratory mucosal cell breakdown. It 
reflects the intensity of the infection as well as the pathogenicity/virulence[18,19]. Additionally, 
submucosal lymphocytic inflammation (1 point or 2 points due to excessive lymphocytes) as well as 
an additional point for mucosal/submucosal heterophilic infiltration is a correct referral to the 
intensity of the host response, which is proportional to virulence or involvement in a mild secondary 
infection [20,21]. Adding a point for vasculitis is a fair representation of respiratory viral pathogenesis 
[22].  

Respiratory viral pathogenicity is to be assessed via different features compared within the 
respiratory organs. In lungs, BALT hyperplasia reflects an immune response to infection or 
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vaccination [23]. An additional point regarding germinal center formation explains both the intensity 
and duration of the immune response. Furthermore, lymphocytic infiltration within air capillaries 
and/or vasculitis in avian lungs are observed features with respiratory viral infections in poultry [24].   

Analyzing the scores of different organs involved in the HRI enables an understanding of the 
significant parts of the HRI. This can help with the slight modification of the grading scheme to obtain 
the best scoring criteria for different respiratory diseases. In AMPV, relying mainly on the sinuses 
and eyelids, and less likely on the trachea and lungs, can support an accurate grading for evaluation 
of pathogenicity. Similarly, in LPAI H4N6, relying mainly on sinuses and eyelids is helpful, but with 
the addition of lungs to the list, in which scores are significantly higher in infected birds compared 
with non-infected controls at 7DPI (Figure 4b).     

The nearly similar pattern in inoculated chickens and turkeys with AMPV (Figures 2 and 3) and 
in turkeys inoculated with AMPV and LPAI H4N6 confirms the reliability of the developed HRI. 
Further validation and refinement are ongoing with additional experimental trials using different 
respiratory pathogens, at various ages and routes of inoculation, and at other times post-inoculation. 

5. Conclusions 

The developed and validated HRI can be reliably used in grading lesions in experimentally 
infected birds. Validation with AMPV and LPAI was established. Further validation and minor 
modifications will be needed for other poultry respiratory. The developed HRI will be recruited in 
the challenge models for vaccine trials.  
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