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SUMMARY: 20 

Here, we present an immunohistochemistry test protocol for the detection of rabies virus 21 

antigen as an alternative diagnostic test for formalin-fixed tissues.  22 

 23 

ABSTRACT:  24 

One of the primary diagnostic modalities for rabies is the detection of viral ribonucleoprotein 25 

(RNP) complex (antigen) in the infected tissue samples. While the direct fluorescent antibody 26 

(DFA) test or the direct rapid immunohistochemical test (DRIT) are most commonly utilized for 27 

the antigen detection, both tests require fresh and/or frozen tissues for impressions on slides 28 

prior to the antigen detection using antibodies. If samples are collected and fixed in formalin, 29 

neither test is optimal for the antigen detection, however, testing can be performed by 30 

conventional immunohistochemistry (IHC) after embedding in paraffin blocks and sectioning. 31 

With this IHC method, tissues are stained with anti-rabies antibodies, sections are 32 

deparaffinized, antigen retrieved by partial proteolysis or other methods, and incubated with 33 

primary and secondary antibodies. Antigens are stained using horseradish peroxidase / amino 34 

ethyl carbazole and counterstained with hematoxylin for the visualization using a light 35 

microscope. In addition to the specific antigen detection, formalin fixation offers other 36 

advantages like the determination of histological changes, relaxed conditions for specimen 37 

storage and transport (under ambient temperatures), ability to test retrospective cases and 38 

improved biological safety through the inactivation of infectious agents. 39 

 40 

INTRODUCTION:  41 

Rabies is an acute progressive encephalitis caused by the negative sense RNA viruses belonging 42 

to the genus lyssavirus1. Nearly 99% of all human deaths caused by the infection with rabies 43 

virus (RABV), the type member of the genus, is transmitted by dogs2. Rabies diagnosis of 44 
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suspect animals relies on the detection of antigen (primarily viral encoded nucleoprotein, N 45 

protein) in complex with genomic RNA (ribonucleoprotein complex, RNP) in the brain tissue3. 46 

The antigen detection by the direct fluorescent antibody (DFA) test is considered the gold 47 

standard for rabies diagnosis4. The method utilizes fresh or fresh frozen brain material, a touch 48 

impression on a slide, fixation in acetone, staining using commercially available fluorescent 49 

isothiocyanate (FITC) labeled monoclonal or polyclonal antibodies (mAbs/pAbs) and read by the 50 

fluorescence microscopy5. The DFA test is rapid, sensitive, and specific for rabies antigen 51 

detection in fresh brain tissue. Recently, a direct rapid immunohistochemical test (DRIT), 52 

modified immunohistochemistry (IHC) technique, was demonstrated to exhibit similar 53 

sensitivity to DFA but offers the advantage of light microscopy for visualization6. While the 54 

detection method used in DRIT, is similar to IHC, the initial step utilizes fresh or frozen tissues to 55 

generate touch impressions of the sample followed by fixation in formalin. 56 

 57 

IHC is a widely used technique to determine histological changes and detection of proteins 58 

using specific antibodies in formalin-fixed tissues embedded in paraffin blocks. IHC is an 59 

established alternative test for the rabies antigen detection in the tissue sections7. IHC has been 60 

particularly utilized for the diagnosis of retrospective cases that exhibited neurological diseases 61 

to determine the burden of rabies8. Paraffin-embedded formalin-fixed tissues preserve the 62 

proteins for the detection even after several years when stored at ambient temperature9. 63 

Formalin treatment modifies proteins by cross-linking and altering the amino acid side chains, 64 

which might make the epitopes no longer reactive against antibodies10. While the IHC test for 65 

rabies antigen detection involves either mAbs or pAbs, the latter is advantageous as multiple 66 

epitopes and divergent lyssaviruses can be detected11.  67 

 68 

The standard steps involved in IHC are formalin fixation of tissues, embedding in paraffin 69 

blocks, sectioning of tissues, deparaffinization and hydration, epitope recovery, reactivity 70 

against primary and secondary antibodies, and the development using chromogenic substrates. 71 

This manuscript describes a detailed account of the protocol for rabies diagnosis. For rabies 72 

antigen detection, mouse serum immunized with RABV (pAbs) generated at the U.S. Centers for 73 

Disease Control and Prevention (CDC) Atlanta, Georgia, in combination with biotinylated anti-74 

mouse secondary antibodies are utilized. Biotinylated Abs are detected by the addition of 75 

streptavidin-horseradish peroxidase (HRP) complex followed by the color development with 76 

amino-ethylcarbazole substrate. 77 

 78 

PROTOCOL:  79 

While the IHC protocol was performed on formalin-fixed tissues, which inactivates RABV if 80 

present, appropriate biosafety protocols should be properly followed. All biosafety procedures 81 

are described in the Biosafety in Microbiological and Biomedical Laboratories (BMBL) 5th 82 

Edition (https://www.cdc.gov/biosafety/publications/bmbl5/index.htm), including wearing 83 

proper personal protective equipment (PPE), and vaccination requirement as described12. In 84 

addition, proper containment and handling of hazardous chemicals (like formalin, AEC and 85 

xylene), should be followed (e.g., fume hoods).  86 

 87 

1. Formalin fixation of tissues 88 



   

 
 

 89 

1.1. Place 3-5 mm brain tissues collected after necropsy13 into 10% phosphate buffered 90 

formalin solution (1:20 to 1:50 tissue/formalin ratio) for 24-72 h. 91 

 92 

CAUTION: Formalin is a toxic fixative. 93 

 94 

1.2. Record the approximate tissue weight (size), tissue type (brain areas) and volume of 95 

formalin. It is important for laboratories to document and maintain records on fixation times.  96 

 97 

1.3. For longer tissue storage after formalin fixation and prior to processing, place the tissue in 98 

70% ethanol.  99 

 100 

2. Tissue processing 101 

 102 

2.1. Following the specimen fixation, dissect the tissue to include the important brain areas e.g., 103 

cross sections of the brainstem, cerebellum (3 lobes), or the hippocampus (both hippocampi) 104 

each cut 3 to 5 mm thick and placed into processing cassettes.  105 

 106 

2.2. Process the tissue cassettes for paraffin wax infiltration, embedded into paraffin blocks and 107 

sectioned (3 to 6 µm) on a microtome. 108 

 109 

3. Preparation of Materials / Staining dishes 110 

 111 

3.1. Set up the staining dish14(Table of Materials) as shown in Figure 1. Fill each dish with 250 112 

mL of the solution.  113 

 114 

3.2. Preparation of the 3-Amino-9-ethylcarbizole (AEC) substrate stock solution 115 

 116 

3.2.1. Dissolve one 20 mg tablet of 3-amino 9-ethylcarbazole (AEC) into 5 mL of N,N, 117 

dimethylformamide using a glass pipette.  118 

 119 

CAUTION: AEC is a carcinogen. 120 

 121 

3.3. Preparation of the protease (e.g., Pronase) stock solution for the antigen retrieval  122 

 123 

3.3.1. Dissolve 7 mg of the protease in 200 mL of PBS. 124 

 125 

3.4. Preparation of the rinse buffer PBS-T 126 

 127 

3.4.1. Add 10 mL of Tween 80 to 990 mL of PBS. Mix it well to form a homogenous solution. 128 

 129 

4. Deparaffinization and tissue rehydration 130 

 131 

4.1. Make 5 µm paraffin section using a microtome, float it on a water bath at 38 ˚C and collect 132 



   

 
 

on to glass slides. Label the slides with a reagent resistant pen/marker. 133 

 134 

4.2. Place the slides onto a tray and melt in a 55-60 ˚C oven for 1 h. Do not raise the 135 

temperature above 60 ˚C as it can destroy the viral antigen.  136 

 137 

4.3. Remove slides from the oven and immediately deparaffinize in 3 consecutive xylene rinses 138 

of 5 min each in the dishes 1, 2 and 3.  139 

 140 

4.4. Rehydrate the sections on the slide by sequential immersions in decreasing dilution of 141 

ethanol to deionized water: (4 through 11 is a dip rinse) dish 4: xylene/100% ethanol (1:1); dish 142 

5: 100% ethanol; dish 6: 100% ethanol; dish 7: 95% ethanol; dish 8: 95% ethanol; dish 9: 80% 143 

ethanol; dish 10: 70% ethanol; dish 11: deionized water (Figure 1. Dish set-up).  144 

 145 

CAUTION: Xylene is a hazardous chemical and work should be conducted in a fume hood. 146 

 147 

5. Proteolytic antigen retrieval 148 

 149 

5.1. Treat slides with the protease (2.5 µg/mL of PBS) for 30 min for proteolytic antigen 150 

retrieval in dish 12. 151 

 152 

5.2. Then rinse in PBS-T for 10 min (dish 13). 153 

 154 

5.3. Treat with 3% hydrogen peroxide for 10 min (dish 14).  155 

 156 

5.4. Again, wash with PBS-T for 10 min (dish 15). 157 

 158 

6. Staining procedure 159 

 160 

6.1. Handle slides one at a time keeping the remaining slides submerged in the buffer (do not 161 

remove the whole slide holder - keep slides wet).  Remove one slide and blot off excess buffer 162 

(using a paper towel) from around the tissue section being careful not to disturb the tissue 163 

section. Incubate slides in a humidity chamber, made by placing moistened paper towels, on 164 

the lab bench top14 at room temperature with normal goat serum (blocking) for 15 min. 165 

 166 

6.2. Incubate with the optimal pre-determined dilution primary anti-rabies antibody (1:250 167 

dilution of mouse anti-rabies serum, unpublished) (positive control) and negative control 168 

antibodies at room temperature same as above (step 6.1.) for 60 min with no washes in 169 

between. 170 

 171 

6.3. After 60 min, wash with PBS-T for 10 min (dish 16). 172 

 173 

6.4. Incubate with the biotinylated antibody (species specific) in a humidity chamber at room 174 

temperature for 15 min (handling same as step 6.1.). 175 

 176 



   

 
 

6.5. Wash with PBS-T for 10 min (dish 16). 177 

 178 

6.6. Incubate with Streptavidin-HRP complex in a humidity chamber at room temperature for 179 

15 min (handling same as 6.1.). 180 

 181 

6.7. Wash with PBS-T for 10 min (dish 16). 182 

 183 

6.8. Incubate with peroxidase substrate, amino-ethylcarbazole (AEC), in a humidity chamber at 184 

room temperature for 10 min. Make AEC just prior to use. To do so, add 1 mL of AEC stock 185 

solution to 14 mL of 0.1M acetate buffer, pH 5.2. Add 0.15 mL of 3% H2O2. Filter the mixture 186 

just before use (0.45 µm filter).  187 

 188 

NOTE: The working solution of AEC is only stable for 2-3 h. The AEC stock solution can be stored 189 

in the refrigerator for longer periods. 190 

 191 

6.9. Wash in deionized water 10 min (dish 17) 192 

 193 

6.10. Counterstained with Gill’s Hematoxylin diluted 1:2 with deionized water for 2 min (dish 194 

18). 195 

 196 

6.11. Rinse off excess Hematoxylin with deionized water dip rinse (dish 19 and 20). 197 

 198 

6.12. Rinse in Scott’s Tap water 30 s (bluing solution) dish 21. 199 

 200 

6.13. Wash in deionized water 10 min (dish 22) 201 

 202 

6.14. Remove slides one at a time - mount with water-soluble mounting medium. 203 

 204 

6.15. Read slides on a light microscope. 205 

 206 

REPRESENTATIVE RESULTS:  207 

Figure 2 demonstrates representative IHC staining results of positive and negative control 208 

samples in different brain tissues tested. Figure 2A,D,G represent positive samples at 200x, 209 

while Figure 2B,E,H correspond to 400x magnification, respectively. Figure 2A-C correspond to 210 

the brainstem; Figure 2D-F correspond to the cerebellum and Purkinje cells; and Figure 2G-I 211 

correspond to the hippocampus. Figure 2C,F,I are negative control samples. The magenta red 212 

staining demonstrates the color development using AEC substrate in the blue background 213 

(Hematoxylin counterstain) due to the reactivity of antibodies against rabies antigen. AEC is a 214 

peroxidase substrate, which upon oxidation reaction, catalyzed by HRP, results in water 215 

insoluble precipitate observable under a light microscope. 216 

 217 

A positive result in IHC corresponds to magenta red staining in tissue sections. The staining of 218 

cytoplasmic inclusions and granular inclusions of varying size are indicative of samples positive 219 

for RABV infections. Samples are deemed negative if no specific red staining or only the blue 220 



   

 
 

background due to hematoxylin was observed. In addition to the positive staining, the 221 

distribution of inclusions could provide indirect quantification of levels of rabies antigen in the 222 

sample, which might correspond to the viral load of the tissue samples. Irrespective of the 223 

levels of distribution, any specific staining will classify the sample as positive for RABV antigen 224 

detection.  225 

 226 

FIGURE AND TABLE LEGENDS:  227 

Figure 1: Flow chart indicating different steps for IHC testing. 228 

 229 

Figure 2: Immunohistochemical staining of positive and negative rabies brain tissue. (A) 230 

Intracytoplasmic viral inclusions and rabies virus antigen detection in the brainstem 200x total 231 

magnification; (B) positive brainstem 400x; (C) brainstem negative control 200x; (D) rabies virus 232 

inclusions within the cerebellum 200x; (E) cerebellum and Purkinje cells 400x; (F) cerebellum 233 

negative control; (G) Viral inclusions within hippocampus 200x; (H) hippocampus 400x; 234 

hippocampus negative control 200x. The red stain indicates the presence of rabies virus antigen 235 

using the Streptavidin-biotin complex staining method (AEC substrate). Hematoxylin 236 

counterstain (blue). 237 

 238 

DISCUSSION:  239 

Due to the high fatality rate of rabies after the symptom onset, the diagnosis of suspect animals 240 

for RABV infection is extremely critical for an appropriate post-exposure prophylactic 241 

treatment. Rabies diagnosis primarily depends on DFA, DRIT, and PCR-based techniques using 242 

fresh or frozen tissues. For testing of formalin-fixed tissues, the IHC test provides an alternative 243 

method for the sensitive and specific detection of RABV antigen. While the tissues fixed in 244 

formalin have proteins stabilized due to the modification of side chains like cross-linking, the 245 

samples need to be processed before the antigen detection. In this protocol, the epitopes were 246 

recovered through the partial proteolytic digestion by the protease (e.g., Pronase) to enable the 247 

binding of primary antibodies to the RNP complex. While mAbs reactive against N protein are 248 

predominantly relied on in DFA and DRIT, pAbs that are reactive against multiple epitopes on N 249 

protein would be preferred for an IHC test. In addition, the reactivity or pAbs could be broader 250 

against different RABV variants and against non-rabies lyssaviruses as compared to mAbs.  251 

 252 

One of the major limitations of IHC test is the protocol involves several sequential steps and 253 

takes about 6 hours for completion. If the tissue needs to be fixed in formalin and embedded in 254 

paraffin blocks, it requires an additional 1 – 2 days before the tissue could be stained. Another 255 

limitation is the non-availability of commercial primary anti-rabies antibodies for the IHC test. 256 

However, IHC does provide an option to perform rabies diagnosis when only FF tissues are 257 

available for testing. The IHC test is particularly important for testing rabies cases if one half of 258 

the tissues are stored in formalin (and other unfixed tissues tested by DFA) and it was necessary 259 

to test complete cross section of the brainstem and other tissues, as required for diagnosis. 260 

Rabies antigen detection by IHC test can be utilized for human post-mortem brain samples for 261 

the diagnosis and / or retrospective analysis of suspect cases based on the clinical symptoms. 262 

While IHC was not approved as a primary or confirmatory test for rabies diagnosis, like DFA, the 263 

method detects antigen using rabies specific antibodies. Comparison of DFA using fresh/frozen 264 



   

 
 

vs FF tissues provided similar sensitivity and specificity15. Unless antibodies are directly 265 

conjugated to FITC (the requirement for DFA test), HRP labeled antibodies can be used in IHC 266 

for staining rabies antigen. The advantage with HRP based detection is the ability to use a light 267 

microscope for the observation. The current commercially available DFA reagents, FITC 268 

conjugated rabies specific antibodies (mAbs) does not detect antigen after formalin fixation due 269 

to the modification of epitopes. However, if FITC conjugated rabies specific pAbs are available, 270 

it can be used as a staining method, as recommended by World Health Organization16. In 271 

addition to antigen detection, FF tissues can be subjected to RNA isolation followed by PCR and 272 

sequencing using specific primers for confirming the presence of RABV genomic RNA.          273 

 274 

The other advantages of formalin-fixed tissues include determination of histological changes by 275 

hematoxylin and eosin staining method. While the formalin treatment preserves protein, it 276 

completely inactivates most pathogens in the sample due to the extensive crosslinking of 277 

proteins and degradation or modification of nucleic acids. Thus, the method improves the 278 

safety of biological sample handling, shipping and testing compared to DFA. The acetone 279 

fixation step in DFA does not inactivate RABV and should be handled with appropriate PPE17. 280 

The samples after formalin fixation are stable and can be stored at ambient temperature, which 281 

is suited for low-resource areas where access to a cold storage is limited. Similarly, paraffin-282 

embedded formalin-fixed tissues can be considered for the long-term storage at ambient 283 

temperatures without losing the antibody reactivity against proteins.  284 

 285 
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Name of Material/ Equipment Company Catalog Number Comments/Description

3% hydrogen peroxide Pharamacy brands Off the shelf 3% H2O2

3-Amino-9-ethylcarbazole (AEC) Millipore Sigma A6926

Acetate Buffer pH 5.2 Poly Scientific R&D Corp. s140

Buffered Formalin 10% Phosphate Buffered Fisher Scientific SF100-4 Certified

Cover slips Corning Fisher Scientific 12-553-471 24 X 50 mm

Ethanol 190 Proof Pharmco-AAPER 111000190

Ethanol 200 Proof Pharmco-AAPER 111000200

Gill's hematoxylin formulation #2 Fisher Scientific CS401-1D

HistoMark Biotin-Streptavidin Peroxidase Kit seracare 71-00-18 Mouse Primary Antibody 

ImmunoHistoMount Millipore Sigma i1161 Mounting media

N,N, Dimethyl formamide GR Fisher Scientific D119

Phosphate Buffered Saline HyClone RR14440.01 01M, pH 7.2 (pH 7.2-7.6)

Plan-APOCHROMAT 40X/0.95 Objective Multiple vendors

Plan-APOCHROMATIC 20X/0.75 Objective Multiple vendors

Pronase Millipore Sigma 53702 Protease, Streptomyces griseus

Scott's Tap Water Poly Scientific R&D Corp. s1887

Tissue-Tek Slide stain set Fisher Scientific 50-294-72

TWEEN-80 Millipore Sigma P1754

Xylene Fisher Scientific X3S-4 Histological Grade

Zeiss Axioplan 2 imaging - microscope Multiple vendors
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Editorial comments: 

Changes to be made by the Author(s): 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 

spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the 

submitted revision may be present in the published version. 

 

2. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its applications in 

complete sentences between 10-50 words: “Here, we present a protocol to …” 

Rephrased. “Here, we present an immunohistochemistry test protocol for detection of rabies virus 

antigen, an alternate diagnostic test for formalin-fixed tissues.” 

 

3. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, 

Line spacings: single. Please include a single line space between each step, substep and note in the 

protocol section. Please use Calibri 12 points throughout. 

Formatted as per the requirements. 

 

4. Please ensure that all text in the protocol section is written in the imperative tense as if telling 

someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described 

in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as 

“could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in 

the imperative tense may be added as a “Note.” However, notes should be concise and used sparingly. 

5. The Protocol should contain only action items in complete sentences that direct the reader to do 

something. 

6. Please ensure that individual steps of the protocol should only contain 2-3 actions per step. 

7. In the JoVE Protocol format, “Notes” should be concise and used sparingly. They should only be used 

to provide extraneous details, optional steps, or recommendations that are not critical to a step. 

8. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., 

how is the step performed? 

 

9. 1.1. Please briefly describe how is this done. 

Reformatted this section. “Place the tissues collected after necropsy13 into 10% phosphate buffered 

formalin solution and record the approximate tissue weight (size), tissue type (brain areas) and volume 

of formalin. Generally, a 3-5 mm tissue section is fixed in formalin for 24-72 hours in a 1:20 to 1:50 

tissue/formalin ratio. It is important for laboratories to document and maintain records on fixation 

times. For longer tissue storage after formalin fixation and prior to processing, place the tissue in 70% 

ethanol. CAUTION: Formalin is a toxic fixative.” 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Editorial
comments - response-061719.docx

https://www.editorialmanager.com/jove/download.aspx?id=1072249&guid=67b5f8de-f4b2-4800-a61c-e3b7239388d7&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1072249&guid=67b5f8de-f4b2-4800-a61c-e3b7239388d7&scheme=1


 

10. 4: What kind of dishes? Amount of the solution used. Also please use complete sentences 

throughout. Actually, step 4.1 is redundant and can be removed. 

Provided the name of dishes, volume and referenced manuscript with similar set-up. 

“3.1. Set up staining dishes (Tissue-Tek staining dish14) (Figure 1). 
3.1.1. Fill dishes (each dish with 250 ml) 1 to 3 with Xylene.” 
 

11. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. Please 

highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential 

steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive 

story of the Protocol. 

The protocol is currently 7 pages.  

12. Please ensure that you discuss all figures in the Representative Results. However, for figures 

showing the experimental set-up, please reference them in the Protocol. 

The reference for dish set-up from previous publication is provided. 

“3.1. Set up staining dishes (Tissue-Tek staining dish14)” 
 

13. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit 

permission can be expressed in the form of a letter from the editor or a link to the editorial policy that 

allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager 

account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been 

modified from [citation].” 

No copyright issues, these pictures were prepared for this protocol. 

 

14. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail 

in 3-6 paragraphs with citations: 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to existing methods 

e) Any future applications of the technique 

 

15. Figure 2: Please include a scale bar. 

Scale bar is included in the figure 

16. Please alphabetically sort the materials table. 

Materials updated alphabetically. 

 

Reviewers' comments: 



 

 

 

Reviewer #1:  

Manuscript Summary: 

In this paper, the authors describe a protocol for the immunohistochemistry (IHC) test for detection of 

rabies virus antigen in formalin-fixed tissues. The figures clearly indicate that this technique is a useful 

diagnostic alternative if DFA and dRIT are not available. 

 

Major Concerns: 

None 

 

Minor Concerns: 

This manuscript is well written and reader-friendly. I have only a few minor comments I want the 

authors to consider. 

1) The protocol in itself provides sufficient detailed information to follow the procedure and establish 

the test under laboratory conditions. However, it would be good for the reader to put this technique 

better into context as far as the rabies diagnostic hierarchy is concerned. Although it is claimed that 

the IHC is an established alternative test for rabies antigen detection in tissue sections, it is no primary 

diagnostic and not even a confirmatory test in the frame rabies routine surveillance. It definitely has its 

legitimacy for testing of retrospective analysis of suspect cases, in particular for human post mortem 

brain samples based on the clinical symptoms and for in vivo studies. 

Hierarchy – definitely DFA test is the primary diagnostic test to rule out rabies. IHC is considered only 

when there is no fresh tissue and formalin-fixed tissue is available. Previous studies demonstrated 

similar sensitivity for DFA on fresh or FF tissue. Included the following information. 

“While IHC was not approved as a primary or confirmatory test for rabies diagnosis, like DFA, the method 
detects antigen using rabies specific antibodies. Comparison of DFA using fresh/frozen vs FF tissues 
provided similar sensitivity and specificity15.Unless antibodies are directly conjugated to FITC 
(requirement for DFA test), HRP labelled antibodies can be used in IHC for staining rabies antigen. The 
advantage with HRP based detection is the ability to use light microscope for observation. The current 
commercially available DFA reagents, FITC conjugated rabies specific antibodies (mAbs) does not detect 
antigen after formalin fixation due to modification of epitopes. However, if FITC conjugated rabies 
specific pAbs are available, it can be used as a staining method, as recommended by World Health 
Organization (https://www.who.int/rabies/about/antigendetection/en).” 
 
2) While the advantages of IHC are highlighted in detail, I am missing a few words regarding its 
limitations, e.g. quality of samples, its relatively time consuming nature, sensitivity etc. For example in 
Chapter 3.1.17 on Rabies of the OIE Terrestrial Manual it is stated that techniques that stain sections of 
paraffin embedded brain tissues are time consuming, less sensitive and more expensive than DFA and 
dRIT. 
We understand that there are limitations with IHC test. IHC test is not approved as primary or 

confirmatory test, but it does provide similar information like DFA on FF tissue for rabies antigen 



detection. IHC takes requires multiple steps and about 6 hours for completion. Also, there are no 

commercial primary rabies antibodies available at present. Included the following information. 

“One of the major limitations of IHC test is the protocol involves several sequential steps and takes 

about 6 hours for completion. If the tissue needs to be fixed in formalin and embedded in paraffin 

blocks, it requires additional 1 – 2 days before the tissue could be stained. Another limitation is non-

availability of commercial primary anti-rabies antibodies for IHC test.” 

 

Line 22: Is the IHC really a confirmatory test in its true meaning, e.g. if other tests fail or obtaine 

indeterminate results? 

We have removed confirmatory test sentence from the protocol; generally indeterminate of DFA is 

tested by PCR; there is also possibility to extract RNA and confirm nucleic acid by PCR and sequencing. 

Added this sentence about PCR. 

“In addition to antigen detection, FF tissues can be subjected to RNA isolation followed by PCR and 

sequencing using specific primers for confirming the presence of RABV genomic RNA.” 

 

Line 25: I suggest modifying the sentence: '… is detection of viral antigen (ribonucleoprotein RNP 

complex) in the infected tissue samples' and than exclusively use the word 'antigen' throughout the 

text. 

Replaced as antigen throughout the manuscript 

Line 42: RV is not only transmitted by dogs. 

Reworded the sentence.  

“Nearly 99% of all human deaths caused by infection with rabies virus (RABV), the type member of the 

genus, is transmitted by dogs2.” 

Line 133: 3-Amino-9-ethylcarbizole (AEC): Although the component is not classifiable as to its 

carcinogenicity one should mention that it may cause congenital malformation in the fetus. It is toxic if 

inhaled and may cause respiratory tract irritation. 

Added the information on toxicity. 

“3.2. Preparation of the 3-Amino-9-ethylcarbizole (AEC) substrate stock solution 
3.2.1. Dissolve one 20mg tablet of 3-amino 9-ethylcarbazole (AEC) into 5ml of N,N, 

dimethylformamide. Use glass pipette. CAUTION: AEC is a carcinogen.” 
 

Lines 170-172: What primary rabies antibodies are available or can be used and recommended? 

Currently, no primary antibodies against rabies are commercially available. We have in-house 

produced antibody, which we are planning to publish and will make it available for collaborators. 

 

Reviewer #2:  

Manuscript Summary: 

Need to add few more sentences regarding the advantages of IHC. 

 



Advantages of IHC are added. 

“The other advantages of formalin-fixed tissues include determination of histological changes by 

hematoxylin and eosin staining method. While the formalin treatment preserves protein, it completely 

inactivates most pathogens in the sample due to extensive crosslinking of proteins and degradation or 

modification of nucleic acids. Thus, the method improves the safety of biological sample handling, 

shipping and testing compared to DFA. The acetone fixation step in DFA does not inactivate RABV and 

should be handled with appropriate PPE16. The samples after formalin fixation are stable and can be 

stored at ambient temperature, which is suited for low-resourced areas where access to cold storage is 

limited. Similarly, paraffin-embedded formalin-fixed tissues can be considered for long-term storage at 

ambient temperatures without losing antibody reactivity against proteins.” 

 

Reviewer #3: 

Manuscript Summary: 

The manuscript describes an immunohistochemistry (IHC) protocol for detection of lyssavirus antigen 

in formalin-fixed tissues. The authors have succinctly but clearly outlined the benefits of using this 

procedure as an alternative to the gold standard direct fluorescent antibody (DFA) test or the direct 

rapid immunohistochemical test and reasonably argue that in some instances (i.e., formalin-fixed brain 

tissue is the only sample available) or for some laboratories (i.e., those which may not have consistent 

cold storage or expensive fluorescence microscopes), this method may be the best or only alternative 

for rapid diagnosis of suspect rabies cases. The method is clearly written and easily followed, with a 

couple of minor exceptions (highlighted below) where some additional detail would be of benefit. The 

procedure is accurate as written, easy to follow and the figures are very helpful. Overall publication of 

this manuscript and video of this procedure would be an important contribution for rabies diagnosis 

and well received. There are just a few minor comments below that might help improve the clarity of 

one particular series of steps (i.e., the Staining procedure). 

 

Minor Concerns: 

(1) Overall, the steps of the procedure are very clearly written and can be easily followed even without 

figures. The one exception is that the Step 7. Staining procedure seems to lack some detail that for 

anyone who does not already have a reasonable amount of experience in performing IHC is not very 

clear. All of the steps under 7. would benefit from a figure showing what the humidity chamber would 

look like (For example, the manuscript mentions a humidity chamber and defines this as "moistened 

paper towel on lab bench top", but does not specify if a cover is needed---this is assumed by the term 

chamber), and, for each of the steps, some brief statements detailing the addition of different reagents 

to the slides (i.e., normal goat serum, biotinylated antibody, Strepavidin-HRP complex, peroxidase 

substrate AEC & hematoxylin). For example, when adding the various reagents to the slides, how much 

volume is used for each? How are they dispensed? After each PBS-T wash, should the slides be blotted 

as in step 7.1? 

Perhaps provide some specific detail on if and how slides can be processed together (e.g., 

circumstances when it is OK to wash multiple slides in a single wash dish and when not, if not). This 

additional information could be easily captured in a flow diagram figure of the staining steps and 

would provide the clarity needed for a less experienced laboratorian. 



 

Humidity chamber reference is added.  

“Handle slides one at a time keeping remaining slides submerged in buffer (do not remove whole slide 

holder - keep slides wet).  Remove one slide and blot off excess buffer (using paper towel) from around 

tissue section being careful not to disturb the tissue section. Incubate slides in a humidity chamber at 

room temperature with normal goat serum (blocking) for 15 minutes (moistened paper towel on lab 

bench top14.” 

Volume and blotting details are added in the protocol. 

Flow diagram including staining steps are added in Figure 1. 

 

(2) Again, to assist those less experienced with IHC protocols, it would be helpful to include specific 

information on the equipment used (e.g., particularly what the washing/staining dishes look like, etc.) 

Would a figure of the full set up be useful? Perhaps in the video this will be much clearer and the 

authors can recommend alternative ways of setting up the system that might be helpful for those with 

less resources but not compromise the integrity of the procedure. 

Reference for staining dishes from similar manuscript is added in the manuscript. 

“3.1. Set up staining dishes (Tissue-Tek staining dish14) (Figure 1).” 


