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 Infectious bronchitis is an acute respiratory disease of poultry associated with reduced 

egg production and heavy economic losses in chicken flocks. Rabid and accurate detection 

of IB virus (IBV) is essential for controlling and preventing the infection. In this study, we 

developed a rapid, accurate, and instrument less assay to detect IBV. For the first time, 

reverse transcription- Recombinase polymerase amplification (RT-RPA) coupled with 

CRISPR/Cas13 (SHERLOCK) was used to rapidly visualize IBV. The novel assay was 

tested in timing, sensitivity, and specificity. The spike gene (S gene) was used as a target 

gene for detecting the virus. Three samples were used to optimize the assay; sample form 

confirmed infected chickens with IB, positive sample (full synthesis of S gene), and negative 

sample from free IB infected chickens. The results show that the Sherlock-based Cas13 

platform is a highly specificity and sensitivity assay for detecting infectious bronchitis virus. 

The assay detected ten copies per µL of the input RNA. No false positives or cross-reactions 

were seen when bovine coronavirus (BCV) was used instead of IBV in the tested sample. 

Readout of the results needs just fifty minutes, including RNA extraction. Furthermore, No 

instrument was used, and amplification of the virus's nucleic acid was performed at room 

temperature. Sherlock-based Cas13 should clinically use for rapid diagnosis of infectious 

bronchitis in chickens. However, further studies and experiments are needed to perform the 

assay at the sample base without extraction of RNA. 
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Introduction  

 

Infectious bronchitis (IB) is a highly contagious and 

acute disease of the upper respiratory tract and urogenital 

tracts of chickens (1). IB is caused by a single standard RNA 

virus belonging to the Nidovirales order, Coronaviridae 

family, Coronavirinae subfamily, Gammacoronavirus genus, 

and species Avian coronavirus (2). The virus genome 

consists of a 27.6-kb kb RNA molecule that encodes for 

dozens of non-structures and four structural proteins. Spike 

(S) glycoprotein, membrane (M), small envelope (E), and 

nucleocapsid (N) proteins. The S protein is formed by post-

translational cleavage of S into two separate polypeptide 

components, S1 and S2, the spike glycoprotein S1 subunit is 

responsible for the induction of neutralization antibody, 

hemagglutination, cell tropism, and attachment (3-5). The 

disease causes severe economic losses in the poultry industry 

and consider as a second most damaging disease after avian 

influenza (6-8). IBV outbreaks occur dramatically in both 

vaccinated and unvaccinated chicken flocks due to 

vaccination program failure, emerging novel IB variants, and 

lack of comprehensive genotyping studies (9-11). Therefore, 

rapid and accurate assay for the detection of IBV is essential 

for early detection and prevention of the disease. Nucleic 

acid detection-based assays such as PCR and qPCR are the 

gold standard for disease diagnosis; however, this method 
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needs expensive infrastructure and well-trained persons (12-

14). Clustered, regularly interspaced short palindromic 

repeats (CRISPR) and CRISPR-associated protein (Cas) is a 

novel molecular platform that has expanded rapidly. Several 

rapid nucleic acid diagnostic kits have been developed and 

validated using Cas9, Cas12, and Cas13 proteins (15-17). 

The first diagnostic platform based on CRISPR-Cas13 a 

system is formed from integrates isothermal amplification 

nucleic acid-based Recombinase polymerase amplification 

(RPA), and CRISPR-Cas13 is termed SHERLOCK (specific 

high sensitivity enzymatic reporter unlocking). Recently, 

SHERLOCK-based Cas13 were used for rapid and accurate 

diagnosis of Covid-19 infection in human (18-22).  

We optimized the SHERLOCK-based Cas13 assay for 

the first time to detect IBV infection in the chicken.  

 

Materials and methods 

 

Ethical approve  

The primary studies under which the samples were 

collected received ethical clearance from Veterinary Medical 

Ethics Committee of University of Al-Qadisiyah with 

approval number 360/2022. 

 

Sampling 

Fifteen RNA samples were extracted from confirmed 

infected chickens with IB, S gene of the virus was 

synthesized by Macrogen® and used as a positive control for 

the test. While 10 RNA samples were extracted from non-

infected chicken with IB and used as a negative control. 

RNA extraction was performed according to the 

manufacturer’s instructions (QIAwave RNA Mini Kit®). 

 

RPA and crRNA primer design and synthesis 
Primers were designed to amplify the gene encoding to 

the S protein (spike protein: NP_040831.1). The 

conservative area of the gene was selected for specific 

detection of the virus (Table 1). T7 sequence was added to 

the S gene forward primer to in vitro transcription of the 

target gene using the T7 transcriptase enzyme (HiScribe™ 

T7). Primers were designed according to the instruction 

described in TwistAmp Assay Design. Two parts of cRNA 

were designed. The designed crRNA consists of two parts 

(Table 1), one for recognition of RNA by Cas13 protein and 

the other for detecting the S gene (complement to target 

gene). Labeled RNA reporter was also designed to read out 

in vitro cleavage of the target gene. All primers were 

synthesized by Macrogen®. 

 

Table1: primers used in the Sherlock-based cas13 assay 

 

Primer name  Sequence 

RPAIB F (avian S gene) GAAATTAATACGACTCACTATAGGGCAATGTAATTTTGCTATAGAGAGTGTGC 

RPAIB R (avian S gene) TATATTTCTGCACCATACGGTAGATATT 

RPABCV F (Bovine S gene) GAAATTAATACGACTCACTATAGGGGTTTATTAGAACTGGAAGTTGGTGGA 

RPABCV R (Bovine S gene) GCCAGTACCTAGTTTTATACCTTGCATG 

Cas13a Guide RNA GAUUUAGACUACCCCAAAAACGAAGGGGACUAAAACGGUCUGGUUCACACUU 

RNA reporter 5’-/56-FAM/mArArUrGrGrCmAmArArUrGrGrCmA/3Bio/-3 

 

Positive control of the S gene  

The Conservative sequence of the M gene was 

synthesized to use it as a positive control. 175bp of the gene 

was synthesized by Macrogen® (Seoul, Korea). The Gene 

fragment was cloned to pMG (cloning vector). In vitro 

transcription of the fragment using T7 RNA transcriptase 

enzyme (HiScribe™ T7) RPA was used to amplify the 

fragment using primer pair. As mentioned before T7 

prompter sequence was inserted to the 5 ends of the forward 

primer. 

 

Establishment of RT-RPA assay  

Reverse transcription and amplification of the target gene 

(S gene) were performed using RT-RPA assay without any 

instrument. TwistAmp® Basic kit (TwistDx®, UK) was used 

to amplify the S gene. The reaction was set out according to 

the following formula: 4.5 ul of template, 5 ul of S gene RPA 

primer mix, and 0.5 of reverse transcriptase (ProtoScript®), 

8 ul distilled water, and 29.5 ul of re-suspension buffer. The 

reaction mixes gently, then the whole mixture is added to a 

TwistAmp® basic reaction. Finally, 2.5ul of magnesium 

acetate (MgOAC) was added to the mixture and incubated 

the reaction at 39 C for 20 minutes.  

 

Establishment of RT-RPA with Cas13a assay 

Cas13a protein was provided by Genscript® (Cat. No. 

Z03486). According to Zhang et al. (24), RNA-guided 

protein (Cas13a) was used for nucleic acid detection of IBV. 

The detection reaction was set out in one tube as fallow: 2 ul 

of RT-RPA reaction, 1 ul Labeled RNA reporter (20 uM), 4 

ul of diluted Cas13a protein with cleavage buffer (400mM 

Tris pH 7.4), 1 ul of Ribonucleotide Solution, 0.6 ul T7 RNA 

Polymerase (NEB®, M0251S), 1 ul of M gene- crRNA, 9.6 

ul of ddH2O and 1 ul of MgCl2. The reaction was mixed 

gently and then incubated for 30 minutes at 37°C. 

 

Readout of cleavage activity using a later flow device 

(LFD) 

LFD was used as an endpoint essay to read the signal of 

fluorescence-labeled RNA reporter (5’-/56-FAM/ mArAr 
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UrGrGrCm AmArArUrGrGrCmA/3Bio/-3). HybriDetect 

Dip-stick ((Milenia HybriDetect, TwistDx®) and the labeled 

reporter have been used to visual detection of cleavage 

activity of Cas13a. 

 

Results  

 

In this study, we developed a rapid, accurate, and novel 

assay for the detection of IBV using cas13-based 

SHERLOCK assay; then, we demonstrated the sensitivity 

and specificity of the assay using samples collected from 

chickens infected with infectious bronchitis. As figure 1 

shows, the SHERLOCK assay was performed by combining 

RT-RPA (amplification of the target gene) with CRISPR-

cas13 (detection of target) and LFD for visual virus 

detection.  

 

 
 

Figure 1: SHERLOCK assay workflow. RNA extracted from 

chicken with infectious bronchitis. RNA was converted to 

cDNA using two pair of spike protein RPA primers (RT-

RPA) then cDNA was converted to RNA using T7 RNA 

polymerase. Target RNA connects to its complement 

segment in the guide RNA, which activates the cas13 

enzyme. The enzyme cut the target RNA and fluorescently 

labelled reporter RNA (collateral cleavage). Cleavage 

activity was reported using a lateral flow dipstick. 

Experimental design and assay optimization 

As mentioned in the methods section, the gene encoding 

spike protein (S gene) of the IB virus was selected. The 

selected gene was routinely used as a target gene in the 

nucleic acid-based detection assays (PCR and qPCR) to 

diagnose IBV. The Conservative area of the gene was 

selected using Basic Local Alignment Search Tool 

(BLAST). RPA primers were designed for the IBV S gene. 

S gene of the bovine coronavirus (BCV) was also used in 

terms of detected specificity of the assay in the detection of 

IBV. Four groups were used to perform the assay, including 

the clinical sample group (chicken clinically infected with 

IBV), negative group (chicken free of IBV infection), 

Specificity detecting group- BCV (BCV Kindly provided by 

Bei resources), and positive control group (S gene were 

synthesized using gene-arts). Total RNAs were extracted 

from the first three groups, while the last group synthetic 

DNA was in vitro Transcripted to RNA using T7 RNA 

polymerase. Three stages of the assay were performed to 

detect IBV, including amplification, detection, and 

visualization. Total RNAs from the four groups were reverse 

Transcripted and amplified using one tube RT-RPA reaction. 

At the same time, total RNAs were reverse Transcripted and 

then amplified using PCR. Figure 2 shows that the shiny 

band on agarose gel belongs to the S gene of IBV in the case 

of RT-RPA, while RT-PCR shows a less brilliant band. 

Amplifying the S gene using RT-RPA takes 20 minutes, 

while RT-PCR takes 3H; moreover, no machines were used 

in the case of RT-RPA, and the reaction was performed in 

one tube and at room temperature. In the next step, the virus 

was detected using CRISPR/ cas13a. RPA reaction of the S 

gene and controls were used in the detection reaction. In one 

tube reaction apart from the RPA reaction, T7 polymerase, 

crRNA (S gene), CAS13A, and RNA reporter were mixed as 

mentioned in the method section; firstly, S gene cDNA was 

converted to RNA with the aid of T7 RNA polymerase. 

crRNA contains the complement part of the S gene and part 

for cas13a recognition; when crRNA binds to its 

complement, this lead to activate of cas13a, which ac to the 

cutting of the specific part of the S gene (cleavage) and 

nonspecific cleavage of neighbor RNA fluorescence-labeled 

RNA reporter (collateral activity cleavage). The Cleavage 

activity was reported by fluorescent emission from the 

reporter, which was visually detected by HybriDetect Dip-

stick (Figure 1). The detection reaction was incubated for 30 

minutes at 37, then HybriDetect Dip-stick was dipped in the 

reaction, and results were read within 5-10 minutes. As 

shown in Figure 2, The result shows two lines (control and 

test) appeared on the LFD dipstick in the case of the IBV 

positive and positive control samples (synthetic S gene). In 

contrast, one line (control line) appeared on the dipstick in 

the IBV negative sample (control negative) case. The mean 

time from RNA extraction until the results were read out was 

fifty minutes.  
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Figure 2: Agarose gel electrophoresis of RPA and PCR 

product of S gene. L line represents DNA standard marker, 

Shiny band in line 1 represents the RPA product of the spike 

gene. Line 2 shows the PCR product of the spike gene. 

 

Specificity and Sensitivity of the established cas13-based 

SHERLOCK assay  

The specificity of the SHERLOCK assay was determined 

using an RNA sample extracted from bovine coronavirus 

(BCV). RNA extracted from chicken infected with infectious 

bronchitis and synthetic S gene of avian coronavirus (ACV) 

was used as a positive control, while H2o was used as a 

negative control. Only the sample extracted from clinically 

infected chicken with infectious bronchitis and positive 

control produced two visible bands (test and control band) 

(Figure 3). A 6-fold serial dilution of the input RNA (from 

positive control) ranging from 0 to 1000 copies per microliter 

has been used to determine the sensitivity of the 

SHERLOCK assay. As shown in figure4, 10 copies of RNA 

per microliter is the minimum concentration that can be 

detected by the assay. These results demonstrated that cas13-

based SHERLOCK assay is a highly specificity and sensitive 

rapid assay for detecting nucleic acid of avian coronavirus 

(Figure 4). 

 
 

Figure 3: Lateral flow dipstick readout. The cleavage activity 

of cas13 was read out using LFD from left dip stick no. 1, 

showing positive results (two bands) of RNA sample 

extracted from chicken with infectious bronchitis. Synthetic 

S gene RNA (positive control) results positively (dipstick 2). 

Dipstick 3 showed negative results for were Guide S gene of 

IBV used with an RNA template of bovine coronavirus to 

test the assay specificity dipstick 3 show negative results. 

NTC is a negative control and shows negative results.  

 

 
 

Figure 4: Sensitivity of the SHRLOCK assay to detecting 

infectious bronchitis virus. Different RNA concentrations 

were used to measure the assay's sensitivity to detecting the 

IBV. The figure shows that the assay can detect 5 copies per 

µL of RNA.  

 

Discussion  

 

Detection of the nucleic acid of pathogens, including 

viruses, by PCR or qPCR, is a slandered and accurate method 

for diagnosing animal and human diseases. However, this 

method needs expensive equipment and well-trained 

personnel. Furthermore, the PCR method needs time and is 

not considered a rapid test (23-26). Serological tests based 
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onantigen-antibody reactions are low-cost and rapid tests 

widely used to detect viruses and bacteria. However, these 

tests are inaccurate and have many errors related to false 

positives and low specificity (27-30). Therefore, a new rapid 

assay based on nucleic acid detection is urgently needed to 

accurately and rapidly detect pathogens, including viruses 

(31,32). Infectious bronchitis is one of the important 

respiratory diseases of chickens that cause several economic 

losses in the Poultry industry. Newcastle disease and chicken 

flu are respiratory diseases that also infect chickens and have 

similar clinical signs with avian infectious bronchitis (33-

37). Therefore, a rapid and specific diagnosis of infectious 

bronchitis is needed for control and immunization against the 

disease. Recently CRISPR-based Cas 13 were used as a rabid 

and accurate assay for diagnosing infections such as Covid-

19 (38-41). In this study, for the first time, we developed a 

nucleic acid-based detection assay to diagnose infectious 

infection. 

SHERLOCK-based cas13 was used to detect the S gene, 

which was used as a target gene for detecting the virus. The 

assay was performed in three steps; in the first step, the 

extracted RNAs were converted to DNA and amplified using 

RT-RPA and primer of the S gene then cDNA was converted 

again to RNA. The cas13 enzyme (Cleavage) and guide 

RNA detected the target sequence. Labeled RNA reporter 

was used to indicating of cleavage (collateral cleavage). 

Finally, LFD was used to visualize the results. The assay's 

ability to diagnose infectious bronchitis was estimated by 

measuring the sensitivity and specificity of the assay. The 

results show the assay's high specificity and sensitivity to 

infectious bronchitis virus detection. 

Furthermore, no devices were used to perform the assay. 

Moreover, the assay can be considered a rapid test and 

should be clinically used to diagnose infectious bronchitis in 

chickens. Performing the assay directly on the clinical 

sample without extracting RNA is needed to develop the 

assay and is widely used in clinical applications. Also, 

further studies are needed to use CRISPR assay for 

genotyping infectious bronchitis virus and screening variants 

and mutations in the virus genome.  

 

Conclusion  

 

SHERLOCK is a nucleic acid-based detection assay 

recently used as a novel, accurate, rapid test during the cov-

19 pandemic. Newcastle disease, infectious bronchitis, and 

mycoplasma infection are respiratory diseases of chicken 

that have similar clinical signs. Differentiating infectious 

bronchitis from other respiratory diseases is required to treat 

and control the disease. Therefore, a rapid and accurate test 

is needed to diagnose the disease. In this study, we first used 

nucleic acid-based detection assay (SHERLOCK) to 

diagnose avian infectious bronchitis. The result shows high 

specificity and sensitivity of SHERLOCK based for 

diagnosis of avian infectious bronchitis. It’s a rapid and 

accurate assay and should be used in the clinic to diagnose 

the disease. One important limitation that needs to be 

considered is that assay needs extracted RNA. Therefore, 

further studies are needed to make the assay work on clinical 

samples without RNA extraction. 
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لتشخيص  13اختبار مبتكر معتمد عل تقنية كرسبر/كاس

 الالتهاب القصبات الفيروسي في الدواجن
 

  2السلطان طالب ، أمجد1محاسن عبد الرزاق خضير

 2و يحيى إسماعيل خضير
  
فرع الطب الباطني والوقائي، كلية 2وامرض الدواجن،  الأمراضرع ف1

 الطب البيطري جامعة القادسية، الديوانية، العراق 

 

 الخلاصة 

 

يصيب مرض التهاب القصبات المعدي مجوعة من الطيور ومن 

ضمنها الدواجن وتتنج الاصابة عن فايروسات التاج )كورونا( ويسبب 

المرض خسائر اقتصادية كبيرة في قطعان الدواجن مرتبطة بانخفاض 

إنتاج البيض. يعد الكشف الدقيق عن الفايروس المسبب للمرض أمرا 

والوقاية منها. لأجل ذلك صممت هذه  ضروريا للسيطرة على العدوى

الدراسة حيث قمنا بتطوير اختبار سريع ودقيق وبدون استخدام أجهزة 

تضخيم البوليمر  -للكشف عن المرض. حيث تم استخدام النسخ العكسي 

للكشف المرئي عن وجود  13كاس  -الإنزيمي المقترن بتقينه كرسبر 

تم اختبار  التدفق السطحي. أشرطةالحامض النووي للفايروس وباستخدام 

فعالية الاختبار في كشف المرض من خلال قياس حساسية وخصوصية 

الاختبار للكشف عن الفايروس هذا بالإضافة الى تحديد الوقت اللازم 

لقراءة النتائج. اختير جين السبايك للفايروس للدلالة على المسبب. حيث 

دواجن مصابة تم اختبار فعالية الفحص من خلاص جمع عينات من 

وأخرى غير مصابة وأيضا استخدام عينات سيطرة موجبة من  بفايروس

فحص  أنالنتائج  أظهرتخلال تصنيع جين السبايك الخاص بالفايروس. 

قدرة عل تشخيص الفايروس بخصوصية  13شيرولوك كاس  -كرسبر 

الى انه اختبار حساس جدا حيث يمكن تشخيص التركيز  إضافةعالية 

 بالإضافةلحامض النووي لحد عشر نسخ لكل مايكروليتر. هذا القليل من ا

الفحص يعتبر من الفحوصات السريعة مقارنة بالفحوصات  أنالى 

مثل تفاعل البلمرة المتسلسل حيث يحتاج فقط الى خمسون دقيقة  الأخرى

تشخيص الفايروس المرض أجهزة وجميع  بلا يتطللقراءة النتيجة. 

النتائج الخاصة  إنرجة حرارة الغرفة. تفاعلات الاختبار تجري بد

باختبار فعالية الفحص تشير الى انه يمكن استخدام هذا الفحص لتشخيص 

الحقلي للمرض غير ان هنالك حاجة للمزيد من الدراسات والتجارب 

للتطوير هذا الاختبار. 

 

 


