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Laboratory techniques in rabies
Foreword

rabies and advocating for its elimination, rather than imposing penalties, and our 

Organisation for Animal Health (OIE) and the World Health Organization (WHO) 

New laboratory techniques and advancements in science have yielded better 

No diagnostic tests are available to detect the rabies virus before the onset of 

provides internationally agreed standards for the production and control of vali

applicable to all settings, these research methods may stimulate the development 

will strengthen surveillance of the disease, leading to enhanced control of rabies 
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Laboratory techniques in rabies
Preface

Laboratory 

techniques in rabies

methods of viral diagnosis, characterization of pathogens and production of biologicals 

In the ensuing decades, further advancements in detection, prevention and control 
of lyssaviruses have been monitored by regular meetings of WHO experts, international 

Laboratory techniques in rabies

Neurovirology; Professor Thiravat Hemachudha, Head of the WHO Collaborating Center 

the basic methods for detection of lyssavirus antigens, antibodies and nucleic acids 
and the relevance of their use under different operating conditions, from the basic to 

bodies have been removed, as have those chapters on methods of vaccine production 
given the progress made in the commercial use of tissue culture products in human and 

gous or heterologous production have been replaced by newer methods in an effort to 
promote a next generation of less expensive and more readily available immunoglobu
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vi Abbreviations

testing

AALAS American Association for Laboratory Animal Science

Ab antibody

ACD acid citrate dextrose

ACIP Advisory Committee on Immunization Practices

ACS American Chemical Society

Ag antigen

APS ammonium persulphate

ATCC American Type Culture Collection

bnAbs broadly neutralizing antibodies

bp base pair

CCID cell culture infectious dose

CDC United States Centers for Disease Control and Prevention 

cDNA complementary deoxyribonucleic acid

List of abbreviations and acronyms 
used in this manual
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vii Abbreviations

CHO Chinese Hamster Ovary cells

CIE counter immunoelectrophoresis

CNS central nervous system

CPE cytopathic effect

Ct Cycle threshold

ddNTP dideoxynucleotide

DDSA dodecenyl succinic anhydride

dNTP deoxynucleosidetriphosphate

DEAE diethylaminoethyl

DEPC diethylpyrocarbonate

DIG digoxigenin

DNA deoxyribonucleic acid

phate) and xylene

dsDNA double stranded DNA

DTT dithiothreitol

EDTA ethylenediaminetetraacetic acid

EIU equivalent international units

EPAA European Partnership for Alternatives to Animal Testing
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ESI electrospray ionization

G glycoprotein

H&E hematoxylin and eosin 

HEP high egg passage strain

HEPES hydroxyethyl piperazine ethane sulfonic acid

IAA iodoacetamide

IACUC Institutional Animal Care and Use Program
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ments for Pharmaceuticals for Human Use

IgG immunoglobulin G

IgY immunoglobulin Y

ISH in situ hybridization

IIA immunoperoxidase inhibition assay

IHC immunohistochemistry

IS indicator serum

ISH in situ hybridization

IU international unit

LC liquid chromatography

LD

LEP low egg passage strain
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N nucleoprotein

NA numerical aperture

nAb neutralizing antibody

NC negative control

NC nucleocapsid

NGS next generation sequencing

NIH National Institutes of Health (USA)

NS negative serum

NTC no template control

OCT optimal cutting temperature

OD optical density

OIE World Organisation for Animal Health

P phosphoprotein

PAHO Pan American Health Organization

PAGE polyacrylamide gel electrophoresis

PC positive control



Laboratory techniques in rabies 
Fifth edition

xi Abbreviations

PEG polyethylene glycol

PEI polyethyleneimine

Ph Eur European Pharmacopeia

pI isoelectric point

PNA pseudotype neutralization assay

PPE personal protective equipment

PPHS passive public health surveillance

QA quality assurance 

QC quality control

rN recombinant nucleoprotein

rP recombinant P protein

SAD Street Alabama Dufferin strain

SD standard deviation
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xii Abbreviations

SDS sodium dodecyl sulfate

SNP single nucleotide polymorphism

SPA serological potency assay

Taq thermostable DNA polymerase via bacterium (Thermus aquaticus)

TC tissue culture

TCID tissue culture infectious dose

Thyb probe hybridization temperature 

TE  tris EDTA buffer

TEA triethanolamine

TS samples such as sera or plasma to be tested

USP United States Pharmacopeia

WHO World Health Organization
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Chapter 1
Introduction

been predisposed towards a linear, passive role of sample receipt and diagnosis 

a few core functions, others conduct much more diverse activities, especially the 
reference laboratories of the World Organisation for Animal Health (OIE) and the 

disease of nature, the laboratory should be engaged not only in diagnostics per 
se but also in actively maintaining a central role in the assessment, planning and 
investigation of cases of rabies in humans, domestic animals and wildlife locally 
and abroad as part of routine prevention and control using a One Health approach 

Laboratory tech-
niques in rabies and informed the practical approach requested by countries in 
which canine rabies is endemic to support the goal of eliminating human deaths 

Examples

Diagnosis Primary analytical antemortem and postmortem testing of specimens from suspect animals and 
humans

Discovery

Education

Production Preparation of animal and human biologicals for detection or prophylaxis

Surveys
of suspect animal reservoirs

Training Tutorials and updates of current or novel methods to local, national, regional and global 
laboratorians

Typing

QA, quality assurance; QC, quality control; OIE, World Organisation for Animal Health; WHO, World Health Organization
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At a minimum, all rabies laboratories should be capacitated to perform diagnosis 

retrospect, this manual is a culmination not only of reliable laboratory techniques 
that have stood the test of time but also of newer protocols for detection of viral 
antigens, antibodies and amplicons, production of relevant biologicals, where 

The current design relies on the successful outline of previous editions, starting 

online only to facilitate rapid electronic updates as further advances in laboratory 

introduction (Chapter 2) to the genus is an appropriate reminder that rabies virus is 
only one viral species of special concern and to promote further pathogen disco

Chapter 3) is of paramount importance 

surveillance to operate (Chapter 4
Chapters 5 

and 6
(1)

Advanced neuroimaging may be useful to consider an infectious etiology, inclu
ding rabies (2)

useful in cases of paralytic rabies (3)

Incident Investigation Sample collection

Specimen shipmentLABORATORYActions

response



Laboratory techniques in rabies 
Fifth edition

Introduction

Part 1. General considerations

As rabies is an acute progressive encephalitis, the central nervous system (CNS) 

typically for diagnosis in animals, this cumbersome and sometimes dangerous 
exercise is now largely unnecessary when a full section of the brainstem is avai
lable (Chapter 7

pathogens (Chapter 15
surveillance, laboratorians should also appreciate current regulatory norms for 
evaluation of diagnostic products available nationally or imported, human or 
animal vaccines, reagents used in applied research, and expectations of other 
future human and animal biologicals (Chapters 35 and 36

virions may be visualized directly via electron microscopy (Chapter 10

Chapter 8) or, preferably, 
in tissue culture (Chapter 9

Chapter 11), an alternative is the direct rapid immu
Chapter 12

cation of its formal predecessor, traditional immunohistochemistry (Chapter 13
Antigenic typing of viral variants (Chapter 14

available in a few hours (Chapter 15 Chapters 16–18) have 
also been suggested for the detection of viral antigens, including latex agglutina
tion protocols (4)

The detection of viral antibodies (Chapters 19–22) is useful for several purposes, 

assays (ELISAs), as detailed in earlier editions of this manual and in a recent publi
cation (5)

lity among laboratories as particularly useful for immunological insights for oral 
vaccination programmes against rabies in wildlife (6)

cell culture or ELISA formats, antibody detection in animals is no longer recom
mended as state of the art and is included only as a courtesy for those countries 

comparisons (Chapters 27–34
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also been validated, such as oligonucleotide microarrays for viral speciation (7)

neration sequencing may be inaccessible for many laboratories in the developing 

Several topics were not carried forward from the earlier editions, either 
because they are obsolete or not considered necessary given modern alterna

(8)

Chapter 37

(9)

Similarly, fewer protocols dealing with generation of other biologicals were 

binant vaccines for use in domestic animals and wildlife have been licensed in 
Eurasia and North America and are no longer considered novel given their routine 
use (10–17)

human or veterinary biologicals should refer to the listed citations for review or 

In contrast to rabies vaccines, there are even more comparative needs today 
beyond human and equine rabies immunoglobulins for PEP in humans (18)

ment on more cost–effective use of PEP in the future (Chapters 38–41
larly, alternatives to the standard National Institutes of Health test (Chapter 42) for 
measurement of vaccine potency continue to be sought (19)

been made for application to both veterinary (Chapter 43) and human (Chapter 
44

Laboratory techniques in rabies focuses on the needs of labo
ratories for surveillance of rabies in humans and animals as well as that of preven

and relevant models for investigation become available, future editions may 
include suitable antiviral approaches for PEP and therapy, as are being deve

(20)
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References

international collaborative study to evaluate rabies antibody detection method for 
use in monitoring the effectiveness of oral vaccination programmes in fox and 
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trial in raccoons (Procyon lotor



Laboratory techniques in rabies 
Fifth edition

Lyssaviruses

Part 1. General considerations

Chapter 2
Lyssaviruses

Introduction

dogs (1)

Lyssavirus as described during recent 
decades (2)

commercial biologicals for rabies prophylaxis (3–5)

sure prophylaxis (PEP) virtually assures complete prevention of the disease if 

Nevertheless, rabies still causes tens of thousands of human deaths every year 
due to poor availability or affordability of appropriate biologicals, particularly in 
those areas where the demand for them is highest, such as developing countries 
of tropical Asia and Africa (6)

As with any infectious disease, effective programmes of rabies management 

Virion structure and life cycle

the G protein endodomain (7)
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tides and may represent a remnant gene that lost its functionality during lyssa
virus evolution (8–9)

exhibit terminal complementarity and contain promoter sequences that initiate 

template, and acts as a chaperone during synthesis of the N protein by forming N–P 

(7)

(10–12)

P protein interferes with innate immunity by inhibiting different steps of the host 

of the G protein, thereby facilitating the budding process, and also mediates 
such pathobiological effects as cell rounding, intracellular membrane redistribu

induces endocytosis and fusion of viral and endosomal membranes, whereas the 

(13

(13, 

14)

mational changes of the G protein, which mediates fusion between the endo

N protein is liberated into the cytoplasm (11, 12)

(12)
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(15)

During their synthesis, both the nascent antigenome and the genome are encap

(16), can be frequently 

sions and viral antigens are detected by the direct rapid immunohistochemistry 

(17)

on the plasma membrane as NCs condense into tightly coiled structures by inte

membrane curvature and eventual virion budding (18)

Viral pathogenesis

Generally, virions are delivered into a wound via a bite or, rarely, contamination 

settings or in the unique environment of certain caves inhabited by colonies of 
Tadarida brasiliensis (19)

limits surveillance by the host immune system, resulting in the absence of an early 

(20, 21)

During the incubation period, rabies diagnosis cannot be performed on animal or 
human tissues due to the very limited viral load, uncertain location in peripheral 

Upon delivery to the CNS, lyssaviruses disseminate rapidly and may affect 

virus is transported to the salivary glands along innervation pathways, allowing 
further excretion with saliva and transmission to other susceptible hosts via a 
bite (22)

clinical period of the disease (or after death) on CNS tissues; the brainstem is the 

the CNS to peripheral tissues also via innervation pathways, allowing antemortem 

scavenging mammals when they consume carcasses of rabid animals (23) and in 
human recipients of tissue or organ transplantation (24, 25)
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prolong the disease beyond a month (26)

rabies have been documented in humans and animals (6, 27)

Phylogeny and taxonomy

(28)

from South Africa (29)

monoclonal antibodies for diagnostic and typing purposes, it was demonstrated 

were included in the same serotype (29, 30)

panels of monoclonal antibodies helped to distinguish between these viruses as 

appeared in the taxonomic literature for a limited period of time (31)

via sequencing and comparison of their genes (32)

cation switched from viral serotypes to genotypes, along with the establishment 
of the genus Lyssavirus

Increased surveillance has led to the discovery of several novel lyssaviruses 

(33)

Rabies lyssavirus

when in reference to the viruses, whereas species names are used solely in the 
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the same species have higher identity values than the threshold, except 

from different Lagos bat virus lineages, several authors have suggested 
subdividing Lagos bat lyssavirus into several separate species (34, 35)

(ii) Topology and consistency of phylogenetic trees, obtained with various 

(iv) Additional characteristics such as ecological properties, host and geogra
phical range; pathological features are considered, whenever available (7)

Lyssavirus genus has been subdivided into two main phylogroups (36)

identity within the G ectodomain between viruses of one phylogroup and 

vity correlated somewhat with genetic distances, and sequences that shared more 

lized each other (36)

protection against phylogroup I lyssaviruses but not against other members of the 
(3, 

36–38)

cation of any diagnostic tests to ensure their ability to detect all divergent lyssa
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Recognized 
and proposed 
species

Phylogroup Natural host
Geographical 
range

Comments

Rabies lyssavirus 
(type species)

I
of multiple species, 
terrestrial mammals 
(predominantly 
Carnivora)

Terrestrial mammals 
– worldwide (except 
Australia, Antarctica 
and several insular 
territories); bats – 
New World only

All currently available human 
and veterinary vaccine strains 
originate from viruses of this 

Australian bat 
lyssavirus

I Pteropodid bats (at 
least four species 
of Pteropus genus) 
and insectivorous 
bats Saccolaimus 
albiventris)

Australia (perhaps, 
with several 
surrounding islands) 

Given limited surveillance, host 
range among insectivorous bats 

European bat 
lyssavirus,

I Insectivorous bats 
(predominantly 
Eptesicus serotinus)

Europe, from Spain to 
Given the limited surveillance in 
eastern Europe and Asia, may 
be distributed more broadly, 
along the reservoir species 

wild and companion animals, as 
well as a human case have been 

European bat 
lyssavirus

I Insectivorous bats 
(predominantly Myotis 
daubentonii and 
Myotis dasycneme)

Europe
Two human cases have been 

Khujand lyssavirus I Insectivorous bat 
Myotis mystacinus

Central Asia
Given the limited surveillance in 
eastern Europe and Asia, may 

No human cases have been 

Aravan lyssavirus I Insectivorous bat 
Myotis blythii

Central Asia
Given the limited surveillance in 
eastern Europe and Asia, may 

No human cases have been 

Bokeloh bat 
lyssavirus

I Insectivorous bat 
Myotis nattereri

Europe Known by three isolates from 

Irkut lyssavirus I Insectivorous bats 
from Murina genus

Eastern Asia Known by three isolates, from 
bats and from a human who 

Duvenhage 
lyssavirus

I Insectivorous bats Known by four isolates, three of 
which came from humans, bitten 
by bats, and one from a bat, 
of the presumably Miniopterus 

Lyssavirus
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Recognized 
and proposed 
species

Phylogroup Natural host
Geographical 
range

Comments

Lagos bat 
lyssavirus

II Pteropodid 
bats of several 
genera (Eidolon 
helvum, Rousettus 
aegyptiacus, 
Epomophorus

Includes several lineages 

Potentially, in the future may be 

reported in wild and companion 

Mokola lyssavirus II Twice isolated from shrews, once 

other isolates were obtained 
from companion animals, such 
as cats and dogs, as the result of 

Shimoni bat 
lyssavirus

II Insectivorous bat 
Hipposideros 
commersoni (H. 
vittatus)

Kenya
Serological surveys suggest that 
Hipposideros commersoni (H. 
vittatus
No human cases have been 

West Caucasian 
bat lyssavirus

Insectivorous 
bats from genus 
Miniopterus

Europe, probably 
Africa

Known by a single isolate from 

serological surveys suggest 

related virus may be present 
in Miniopterus bats in Africa 

Ikoma lyssavirus African civet 
Civettictis civetta Tanzania

Given phylogenetic relatedness 
to the West Caucasian bat virus, 
the index case in African civet 

Lleida bat 
lyssavirus

Insectivorous 
bat Miniopterus 
schreibersii

No human cases have been 

Gannoruwa bat 
lyssavirus

I
Pteropus medius 
(P. giganteus)

Several isolates obtained from 
the single bat species in Sri 

may be present in the Indian 
subcontinent and surrounding 

Taiwan bat 
lyssavirus

I Insectivorous bat 
Pipistrellus abramus

Taiwan, China
Given the host range, may be 
distributed broadly in eastern 
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Distribution, evolution and host range

Lyssaviruses are distributed globally except in Antarctica and several insular 

bats, or via human activity as happened with the introduction of rabid dogs 
followed by host switching to populations of mongooses (introduced by humans 
as well) in Grenada (39) (40), or the introduction of rabid ferret 
badgers to Taiwan (41)

(42), are susceptible, 

reservoirs in which lyssaviruses perpetuate and evolve (43)

(5)

hosts of the virus (44)

In addition, all lyssavirus diversity has been documented in the Old World but 

Such discrepancies compromise the commonly accepted theory that lyssaviruses 

(43)

(45–47)

An increasing amount of evidence suggests that timescale estimation 
performed on a limited set of recently sampled sequences cannot provide 
realistic inferences for viruses evolving under constraints of purifying selec

(48)

purifying selection constraints (49)

of sequences exhibit time dependency and increase towards the present because 

rates estimated during long time frames will therefore be lower systematically 

stronger than, purifying selection, which shapes virus evolution (50, 51)

words, timescale estimations based on substitution rates are useful only for the 
time frame encompassed by the sampling period, but cannot be extrapolated 

substitution saturation, increased the age of coronaviruses by several orders of 

timescale was comparable to that of the coronavirus reservoir hosts (52)

lyssaviruses should be considered more ancient pathogens that may have evolved 
in bats during the Cretaceous period in the territory of modern Africa (the region 
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(53) (54)

in New World bats and the absence of the virus in related taxa of Old World bats 
Eptesicus, Myotis

is dispersed globally, with rabid dogs accompanying human migrations during 
recent centuries (55, 56)

distributed bat species, such as Eptesicus fuscus (the big brown bat) and Tadarida 

brasiliensis (47, 57)

(55, 56)

(58, 59)

Conversely, Procyon lotor (the North American raccoon) seems well adapted 

the eastern coast of North America (60, 61)

Canis latrans) 

maintain its circulation (56)

foxes (Vulpes lagopus), red foxes (V. vulpes Mephitis mephitis) in 
northern territories of the continent (62, 63)

Tragelaphus strepsiceros) in 
southern Africa (64), predominantly in canids and herpestides (65)

Eurasia and Africa (55, 56)

are present in the Indian subcontinent and in central and eastern Asia (63, 66)

Nyctereutes procyonoides), besides maintaining the circulation of 
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Canis lupus) was believed historically to be 

(67, 68)

century (69); nevertheless, the disease is still present in red foxes, corsac foxes, 

(65)

Lyssaviruses of other species have more limited geographical and host ranges 

insectivorous bats, circulates in the same geographical region (70, 71)

(44) Miniopterus 

schreibersii bat, but antibodies neutralizing this virus (and not neutralizing a panel 
of other lyssaviruses) have been detected in Miniopterus  (72)

M. schreibersii bat in Spain (73)

(5)

serotine bat (Eptesicus serotinus

the Myotis genus, particularly M. daubentonii and M. dasycneme (74)

could correspond to their broader host ranges but has gone undetected to date 
due to limited surveillance (75)

(76) Myotis nattereri) 
(77)

of each, have been obtained in Central Asia, from bats of the Myotis (78)

Murina genus in Eastern Siberia and China (79, 80) and from a human bitten by an 
(81)

on serological surveillance have suggested circulation of lyssaviruses among 
bats in South Eastern Asia (82–84), and at least two papers have described detec

(85) and Thailand (86), no isolates were 

Pteropus medius P. giganteus

(87)

account for isolation of a lyssavirus from an insectivorous bat (Pipistrellus abramus) 
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(88, 89)

or serologically detected in several species of pteropodid bats and viruses from a 
Sacco-

laimus albiventris (90, 91)

(92)

Applications to disease management

The design of surveillance systems for detection and applicable testing of 
lyssaviruses should be based in part upon the primary intent of each programme, 
the available resources and personnel and the staging of disease prevention and 

(93)

early stage of canine rabies elimination, an essential goal should focus upon rele

methods would be appropriate for humans with a suspect encephalitis, espe

suspect viral encephalitis, electron microscopy and immunohistochemistry at a 
(94)

towards zero human fatalities from rabies mediated by dogs and thus concerned 
with broader pathogen discovery and detection of novel lyssaviruses, serological 
screening may be useful as a preliminary tool to detect viral antibodies asso
ciated with various mammalian taxa, such as bats, recognizing that successful 
introspection is dependent upon the correct choice of viruses or viral antigens 
as targets (95)

(87)

Characterization of lyssaviruses circulating in a particular country or region 
should utilize appropriate panels of monoclonal antibodies for antigenic typing or 

(96)

tance from WHO Collaborating Centres, twinning exercises with OIE reference 
laboratories and engagement with regional academic or government centres of 

detection and characterization, is readily available, regardless of the stage in a 
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References

nomy of the order Mononegavirales
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period in rabies: delayed progression of infection in muscle at the site of expo
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nomy of the order Mononegavirales

Natural rabies infection in a domestic fowl (Gallus domesticus
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A reassessment of the evolutionary timescale of bat rabies viruses based upon 

the evolution of echolocation and historical biogeography of extant bats (Chirop
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throughput sequencing to whole rabies viral genome characterisation and its use 

of the arctic fox strain of Rabies virus

Complete genome and molecular epidemiological data infer the maintenance 
Tragelaphus strepsiceros

nomy, evolution, genomics, ecology, host–vector interactions, cytopathology and 
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Myotis nattereri

Murina 

leucogaster
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Pteropus poliocephalus

[published manuscript to be 
inserted].

[published manuscript to be inserted].
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Chapter 3
Biosafety

Introduction

(1–5)

discusses relevant properties of lyssaviruses and precautions to protect labora
tory personnel, by a combination of facility design, equipment, supplies, tech

Laboratory incidents

handling virus in hundreds of diagnostic, research and vaccine production labora

USA, who was engaged in the preparation of vaccine from infected animal brains 

(6)

(7)

exposures occurred when higher titred virus samples were handled outside of the 

The general recommendations in this chapter provide guidance on logical 
steps to prevent untoward laboratory incidents and recommendations on actions 

Agents 

Chapter 2
solutions, ether, chloroform, acetone), alcohols, iodine preparations and quater
nary ammonium compounds (8

(9)
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ties include: resistance to drying and repeated freezing and thawing; relative 

gamma irradiation (10)

required to obtain complete inactivation (11)

Exposure 

Lyssavirus exposure usually occurs by a bite wound, although penetration 
can occur through intact mucous membranes and the gastrointestinal tract, but 

(12)

(13)

tional circumstances, for example, in nature within maternity caves inhabited by 
millions of bats (14)

virus in their ability to infect, spread within the body and produce disease (15, 16)

research procedures, have lower pathogenicity when inoculated peripherally in 

properly inactivated to reduce their viral content, and large amounts of mate
(17)

concern if appropriate wound treatment and booster vaccine doses are adminis

whether in tissue, saliva or infected cell cultures, should always be handled with 
extreme caution, despite apparent differences in the ability of different variants of 

disease is mainly a function of virus route and dosage, in that there appears to be 

of humans to small amounts of street rabies virus is apparently not as great as 

it is prudent to consider all wounds contaminated with street virus as potentially 

doses of vaccine administered after recognized exposures, to allow for rapid 
anamnestic responses (18)
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Laboratory precautions 

All laboratories should have their own dedicated standard operating procedures 
for handling infective substances based upon national or international guidelines 
(1–5)

recommendations in this chapter are given for procedures in consideration of the 

Facility

Laboratory facilities should be designed with quality standards, biosafety and 

(1, 19, 20)

large volumes of infectious material, procedures that may generate an aerosol or 

Access to such facilities should be restricted to those personnel vaccinated 

Personal protective equipment  

glasses or googles and a face shield provide adequate protection to prevent spla

personal protective equipment (PPE) should include a laboratory coat or gown, 
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for necropsy areas: safety glasses, face shield, 

and heavy rubber gloves

carriers required for centrifugation of infectious materials
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Aerosols 

Since airborne rabies virus infection has been demonstrated in nature and in 
the laboratory, all operations which have a potential to cause aerosols should 

aerosol containment carriers that are only opened and manipulated under the 

Disinfectants 

inactivate lyssaviruses within minutes (8, 21)

to inactivate virus on materials, instruments or surfaces heavily contaminated with 
proteins found in cell culture media and tissues (1, 22, 23)

ammonium disinfectants, iodophors and oxidizing agents should be diluted accor
ding to the registered label for hard surface decontamination (1, 21)

Standard operating procedures for containing and cleanup of spills should be 

Glassware, plasticware and instruments 

receptacles containing one of the disinfectants mentioned above, and autoclaved 

Carcasses and animal tissues 

Carcasses and animal tissues are best disposed of within biohazard bags and 

raw brain tissue containing virus is consumed (12)
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Treatment of wounds 

should be treated with rabies immunoglobulin in the naive patient (although all 

Pre-exposure vaccination 

should preferably consist of at least three intramuscular or intradermal doses of 

(18)

guidelines are recommended for determining when boosters should be adminis
tered: 

Post-exposure prophylaxis

All previously vaccinated staff exposed to a lyssavirus should receive local 
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Other considerations

safety issues, such as processing CNS tissues which may be infected by other 
pathogens such as arboviruses or prions, the storage and use of hazardous 
chemicals, and potential mechanical, electrical and steam hazards, are beyond 

and adaptable to include such other generic considerations, irrespective of the 

porated into routine diagnosis, the choice of appropriate disinfectant will depend 
upon more than effectiveness for inactivating virus during routine decontamina
tion of surfaces, necropsy instruments and reusable material, but will also require 

and false–positive results (22)
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Characterization of a unique variant of bat rabies virus responsible for newly emer
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Chapter 4
The role of diagnostics in surveillance

Introduction

Comprehensive rabies prevention and control programmes are built on a 

of continuous systematic collection, analysis, interpretation and dissemina
tion of information on health events (1, 2)

surveillance: to demonstrate the presence and distribution of disease in humans 
and animals; to aid in control efforts; to determine the course of medical care 
for exposed individuals; or ultimately, to document absence of disease during 
elimination programmes (3)

the capacity to detect, assess, notify and report on health events is a critical 
(2)

on rabies surveillance is available from WHO and OIE and in the rabies blue
(3–5)

To promote awareness and vigilance, human and animal rabies must be noti

Methods of surveillance

to evaluate the effectiveness of interventions and to estimate the burden of 
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Suspect case An animal that presents with any of 
the following clinical signs:

• hypersalivation

• paralysis

• lethargy

• abnormal vocalization

• diurnal activity of nocturnal species

A person presenting with an 

encephalitis) that progressively 
worsens towards coma and death, 

include any of the following signs and 
symptoms: 

• aerophobia

• hydrophobia

• paraesthesia or localized pain

• dysphagia

• nausea or vomiting

Probable case A suspect animal with a history of a 

and/or 

observing illness 

A suspect human with a reliable 

A suspect or probable animal 

or OIE

A suspect or probable human that 

standard diagnostic test

Not a case A suspect or probable animal 
in which rabies is ruled out by 
appropriate laboratory testing

A suspect or probable human that is 
ruled out by appropriate laboratory 
testing

or

A suspect or probable human with no 

OIE, World Organisation for Animal Health; WHO, World Health Organization
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Passive public health surveillance 

Passive public health surveillance (PPHS) measures the incidence of disease 
at the human–animal interface, rather than the incidence within an animal popu

public health intervention, of which the outcome of the intervention provides perti

animals involved in human or domestic animal exposures; and (iii) monitoring of 

to reduce the unnecessary use of rabies PEP and increase adherence to rabies 
PEP schedules, emphasizing the importance of timely and accurate diagnosis (6)

are often used to determine the medical care provided to exposed humans and 

affect PPHS programmes negatively, and over application of PEP will rarely result 

context of a passive surveillance programme until they have been fully evaluated 

Consideration of sample quality is more important within the context of a PPHS 

(4)

the circumstances of the bite event, local rabies epidemiology and an assessment 

exposure event to ensure that the results can be used to inform PEP decisions, if 
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Test Passive 
surveillance

Active 
surveillance

Clinical 
diagnosis

Sample types Notes 

transcriptase 
polymerase chain 
reaction 

Saliva

Used as a primary 
diagnostic assay with 
sequencing and as a 

Saliva

Used as a primary 
diagnostic assay with 
sequencing and as a 

Saliva

Used as a primary 
diagnostic assay

antibody test standard” test

and WHO

A
n
ti
g

e
n

Direct rapid 

histochemistry 

• Primary test

and WHO

Indirect rapid 

histochemistry 

Can also be used for 
antigenic typing studies

chromatographic 
• Transportable

A
n
ti
b

o
d

y

focus inhibition 

antibody virus 
neutralization test 

Serum
disease activity as part 
of surveys in new areas 
and species (such as 
bats)

Indirect Serum
materials

Indirect 

immunosorbent 
assay (ELISA)

Serum

Competitive 
ELISA

Serum
immunogenicity studies, 
such as evaluation of 
wildlife vaccination 
programmes
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that results are integrated with regional and national reporting structures to ensure 

circumstances of the exposure event, in accordance with WHO recommenda

Active or enhanced surveillance

Active surveillance (sometimes referred to as enhanced surveillance) is the 

This method of surveillance is a more accurate measure of the true occurrence of 
rabies in the targeted population, but may still be biased depending on the choice 

a long incubation period (7, 8)

of detection; however, the resulting rates will be less representative of the entire 
population of interest (9)

with a PPHS programme to provide a comprehensive understanding of the rabies 
epidemiology in the target area (10)

Laboratory diagnostics are an essential component of an active surveillance 

a concern for these programmes, misdiagnosis may have substantial impacts 

variable reliability between manufacturers and manufacturing lots; however, these 
(11, 

12)

(13, 14)
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dies is not recommended for routine monitoring of the success of a vaccination 
programme but may be relevant to disease detection when attempting to gauge 

Human surveillance

Detection of human rabies cases can have direct implications on the PEP 

Unfortunately, the capacity to conduct autopsies and the ability to perform 

of antigen by most any means may be interpreted as a positive result but the 

(4)

are rarely conducted outside of international reference laboratories (15)

bility of alternate tests as described in this manual should be adapted to local 

Virus characterization

monoclonal antibodies) techniques is helpful to identify sources of infection as well 
as animal host and geographical origins (16–19)

valuable information on the epidemiology of the disease in terms of the presence 

successful rabies control programmes in endemic areas once the epidemiology 

characterization of the virus isolates is helpful in identifying the source of infection 
(authochtonous vs imported or introduced), particularly in view of increased inter
national travel and animal movement (20)
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programme success, undoubtedly new reservoirs, variants and viral species are 
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Chapter 5
An overview of antemortem and postmortem 

tests for diagnosis of human rabies

Introduction

the disease and its public health impact remain underestimated and can be attri

of laboratory diagnostic facilities, misdiagnosis of rabies, underreporting of cases 

and national priorities for research and control are based, further perpetuates a 
cycle of indifference and neglect (1)

miological surveillance using diagnostic approaches that are based on validated 

therefore be done in all suspected cases wherever feasible (2)

of biological specimens are crucial steps, particularly for antemortem diagnosis, 

depends on the availability of infrastructure and technical expertise, and may vary 
(3)

This chapter describes the various types of assays and clinical samples that 

tories are encouraged to develop and implement stringent quality management 

testing programmes (2)
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mimics 

humans: classical encephalitic (furious) rabies and paralytic rabies (4)

forms of hyperactivity or paralytic syndromes progressing towards coma and 

(2)

However, a diagnosis of rabies based solely on clinical features, especially in 
(2)

rabies is often variable and may represent a continuum of signs and symptoms 
(5)

being recognized (2, 4–7)

of rabies) or even with other infectious etiologies, such as cerebral malaria or 

drug use and organophosphate poisoning all can also cause a clinical syndrome 
suggestive of rabies (5)

organ transplants (8, 9) also emphasize the need for scrupulous organ donor 
screening for rabies, especially in donors with a neurological illness of unexplained 

Clinical management and public health 
measures

Early diagnosis can obviate the need for unwarranted medical tests and treat
ment, and help also in prognostication, case closure and grief counselling with 

cians contemplating imminent treatment (critical care or experimental therapeutic 

response to therapy (2, 5)

ting appropriate infection control measures, including barrier nursing and admi

(2)

mation is imperative for clinical management as well as to guide public health 

of rabies and to institute PEP to others who may have been potentially exposed to 
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Disease surveillance 

The true human burden of this neglected zoonotic disease remains underes
timated, particularly in rabies endemic countries in Asia and Africa due to limited 

crucial for estimation of disease burden and helps prioritize resources towards 
prevention of human rabies (10)

rabies exist anywhere and transborder migration of infected animals from enzootic 

tests can aid in characterization of the virus as well as in molecular epidemiolo
gical studies to monitor the disease dynamics at regional, national and interna
tional levels, and identify the source of emergence of the disease in previously 

(1, 11)

  Antemortem diagnostic tests 

use in several centralized and reference laboratories globally, especially for ante
mortem diagnosis, since traditional methods are fraught with several limitations 
(10, 12)

obtained by less invasive techniques and can therefore alleviate the requirement 
for autopsy or postmortem brain biopsy, and the accompanying logistics and 
safety procedures (13–15)

The sensitivity of these techniques for antemortem diagnosis varies according 
to the clinical form of rabies, stage of the disease, immunological status of host, 

in the encephalitic form of rabies (15)

indicative of rabies, a negative result does not essentially rule out a diagnosis 
(2)

mortem brain biopsy is not recommended as a primary test, as it is impractical 
and false–negative results can be obtained due to sampling error especially in the 
early stages of illness (16)
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Test Target Clinical 
samples

Advantages Limitations Additional comments

Nucleic acid 

(NAA) 

Conventional 

time reverse 
transcriptase 
polymerase 
chain reaction 

well as other 
methods

Saliva
sample collection; 
high sensitivity 

samples need 
to be tested 
for increased 
sensitivity due to 
intermittent virus 
shedding (at least 

genetic characterization  

contamination leading 
to false– positive results 

Quality of clinical 
specimens vital; 
appropriate storage and 
transport conditions must 
be maintained

infrastructure and stringent 
quality control

Can also be performed 
on other clinical samples 
such as urine and tears, but 
sensitivity low

follicles

High sensitivity in 
all stages of illness

and adequate 
hair follicles for 
increased sensi
tivity

Sample usually 
available in the 
context of ence
phalitis

Invasive tech
nique for sample 
collection, low 
sensitivity

focus inhibition 

antibody virus 
neutralization 

immunosorbent 
assay (ELISA) 

neutralizing 
antibodies

antibodies 
against 
rabies 

glycoprotein 
(ELISA)

Diagnostic of 
rabies irrespective 
of previous 
vaccination status

the immune 
response within 
the central nervous 
system and thus a 
possible clearance 
of the rabies 
virus in patients 
being treated 
with experimental 
protocols

Low sensitivity, 
late appearance 

antibodies 

survival and late 
seroconversion 
in rabies limit 
diagnostic value

Titre in serum 
must be 
interpreted 
cautiously in 
previously 
vaccinated 
individuals; 

paired sera to be 
demonstrated for 

diagnosis

Sensitivity of test rises 
with increased duration of 
survival 

days); requirement for cell 

microscope and biosafety 
measures; test procedure 
cumbersome

sensitive to cytotoxicity 

virus in sera may produce 
false– positive results 

Adequately validated ELISA 
for antibody detection can 

is unavailable; these tests 
are rapid, inexpensive and 
safe since live virus is not 
required

Detection of antibodies to 

nucleoprotein) may also 
be useful, as they may 
appear before neutralizing 
antibodies 

(serum)
Diagnostic of 
rabies in individuals 
not vaccinated 
previously

vaccinal antibody 
titres
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Test Target Clinical 
samples

Advantages Limitations Additional comments

Direct 

antibody test 

Corneal 
smear

Easy and rapid 
technique

Low sensitivity 

Not 
recommended 
because of 

Operator expertise required 
for interpretation

Preferable to use more 

detection methods (such as 

Nuchal 

section)
at all stages 
of illness; can 
also be used for 
postmortem rabies 
diagnosis if brain 
tissue unavailable

Cumbersome, 

technique; 
requires multiple 
sections with hair 
follicles to be 
examined

Cryostat required 
to prepare frozen 

not practicable in 
all settings

culture infection 
Live virus

saliva)

Enables 
propagation of 
virus and valuable 
for obtaining large 
quantities of virus 
for molecular 
characterization 
and other studies

Low sensitivity, 
longer turnaround 

requires 

microscope, 
cell culture 
and adequate 
biocontainment 
facilities, 
and operator 
expertise, 
requires 
infectious virus in 
the sample

Use as potential 

Not feasible for use as 
routine diagnostic test; 
can be done only in 
specialized laboratories for 

for further characterization 
of viruses

a limited role in diagnosis of rabies, due to the rapid progression of illness and 

(7, 14)

(14, 17)

tion of several tests conducted on multiple clinical samples, with serial sampling 
whenever feasible (because of intermittent virus shedding in saliva, and a poten

increase the sensitivity of antemortem diagnosis (7, 10)
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ANTEMORTEM

Viral RNA detection (RT-PCR)a,b
Anti-rabies antibodies
RFFIT/FAVN/ELISA

Salivac Nuchal
skin/Hair
follicles

CSF CSF Serum

PositivePositive Negative

Positive in single or
multiple samples

Negative
in all samples

Rabies cannot
be ruled out

Diagnosis of
rabies if NEVER

 vaccinated

Rabies cannot
be ruled outd rabies

Test another 
sample after 

7–10 days

Positive Negative

If previously
vaccinated look
for rise in titres

rabies
Unlikely to be rabies; 

but cannot be ruled out

transcriptase polymerase chain reaction 

a

b Other clinical samples include tears and urine; however, tests on these samples are less sensitive and have not been 

c

d
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Postmortem diagnostic tests 

Demonstration of rabies virus nucleoprotein antigens in brain tissue by the 

rabies diagnosis, when brain tissue is available for testing (see Chapter 11

of results (see Chapter 12) (18)

as compared to the tens of thousands of tests conducted upon multiple other 

Postmortem brain tissue can be obtained by craniotomy; however, this proce
dure continues to be a challenge due to declining rates of autopsies related to 

mortem sampling technique which can be obtained via the orbital or transnasal 
route using biopsy needles or through the occipital route through the foramen 

contain fragments of orbitofrontal cortex, whereas the transforamen magnum 
route will obtain samples from the cerebellum and brain stem (16, 19–22)

samples obtained postmortem (7, 10, 14, 15)

Conclusions 

Laboratory diagnosis should be systematically applied to any suspected or 

during the past few decades, and validated techniques using various clinical 

world in which canine rabies is endemic and where most cases of human rabies 

s
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Test Target Clinical 
samples

Advantages Limitations Additional Comments

antibody test 
to perform; almost 

tissue ideal for 
testing; results 
on autolysed or 
decomposed 
tissues less 
reliable 

Obtaining 
postmortem brain 
tissue challenging

for postmortem 

on brain tissue

commercially available 

antibodies)

Need for expensive 

personnel to interpret 
test results limits its 
use in many developing 
countries

biopsy obtained 
postmortem can be 
done when brain 
tissue is not available, 
but sensitivity is low; 
negative test result does 
not rule out rabies

Direct rapid immu
nohistochemistry 

sensitivity and 

comparable to 

only light 
microscope for 
interpretation

commercially 
available; complex 
protocol (multiple 
wash steps)

OIE diagnostic test for 
postmortem diagnosis 
of rabies in animals

Not adequately 
validated for human 
rabies diagnosis

Histological 

on smears from 
fresh brain tissue 
or by H&E staining 
on sections 

embedded tissues

Inclusion 
bodies 
(aggregates of 
viral particles)

Easy and rapid 

staining); use of 

tissues for H&E 
staining reduces 
biohazard 

Less sensitive 
than immunohis
tochemistry 
methods, espe
cially in autolysed 
specimens

H&E staining on 

No longer 
recommended for 
primary diagnosis, both 
in humans and animals

Negative test result 
does not rule out rabies

graphic diagnostic low technological 
requirement; can 
be used at point of 
sampling; suitable 
for diagnosis in 

available

Need for 
much better 
standardization 
and quality control 
of commercially 

variable sensitivity 

reported 

Not adequately 
validated for human 

mortem diagnosis 
of animal rabies in 
developing countries 
where surveillance is 
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Test Target Clinical 
samples

Advantages Limitations Additional Comments

immunosorbent 
assay (ELISA) 

High sensitivity 

rapid; can analyse 
several samples 
simultaneously

commercially 
available

Can be used as 
a complementary 
technique

Nucleic acid 

(NAA)

Conventional and 

transcriptase 
polymerase chain 

as other methods

sensitive and 

Quality of clinical 
specimen vital; 
appropriate 
storage and 
transport 
conditions must 
be maintained

Amplicons from 
conventional (not 

be used for genetic 
characterization  

expensive infrastructure 
and trained manpower 
and stringent quality 
control

contamination leading 
to false positive results 
higher in conventional 

follicles, 

Low sensitivity 
compared with 
brain tissue; 
should be tested 
only if brain tissue 
is unavailable; 
negative test 
result cannot rule 
out rabies in all 
cases

culture infection 
Live virus enables 

propagation 
of virus and 
is valuable for 
obtaining large 
quantities of virus 
for molecular 
characterization 
and other studies

Long turnaround 

days); requires 

microscope, 
cell culture 
and adequate 
biocontainment 
facilities as well as 
operator expertise

techniques are not 
feasible for use as 
routine diagnostic tests; 
they can be done only in 
specialized laboratories 

diagnosis, and more 
importantly for further 
characterization of 
viruses 

whenever possible

Live virus Enables 
propagation 
of virus and 
is valuable for 
obtaining large 
quantities of virus 
for molecular 
characterization 
and other studies

turnaround 

days); requires 
animal facility 
and specialized 
laboratory 
with adequate 
biocontainment; 
ethically 
challenging

focus inhibition 

antibody virus 
neutralization test 

ELISA

neutralizing 
antibodies 

or antibodies 
against rabies 
glycoprotein 
(ELISA)

(serum), 
Diagnostic 
of rabies in 
individuals not 
vaccinated 
previously

to interpret 
in previously 
vaccinated 
individuals

Negative test result 
does not rule out rabies, 
since antibodies appear 
late in the course of 
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POSTMORTEM

Viral RNA detection (RT-PCR)b
ª

AVAILABLE

c

POSITIVE

NOT AVAILABLE

NEGATIVE 

NEGATIVE

a

b

c
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pital aspiration puncture: postmortem brain sampling technique for the virological 
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Chapter 6
Histopathological techniques in the 

laboratory diagnosis of human rabies 

Introduction

Histopathological examination of the brain is one of the oldest techniques for the 

The brain begins to disintegrate as soon as it is disconnected from its blood 

(1) and tends to preserve the biochemical and molecular aspects, but it is 

of rapidly freezing the brain include the use of dry ice and snap freezing in liquid 

limited amounts of brain tissues, whereas histopathology allows sampling and 
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(1)

Reagents

• distilled water     

• sodium phosphate, monobasic     

• sodium phosphate, dibasic (anhydrous)    

Preparation and storage of reagents

The salts are dissolved in a mixture of formaldehyde and water, with continuous 

stored in a container labelled “HAZARDOUS CHEMICAL”.  

Precautions while handling:
lated area and wear protective gloves (2)

Protocol
Whole brain 

Precaution:

Brain biopsies
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using a thread suspended under the basilar artery to prevent tissue distortion
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sections for establishing 
the diagnosis of rabies

gyrus

hippocampus and 
parahippocampal 
gyrus 

lobule 

(including the 
dentate nucleus) 
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Reagents (1, 3)

brain tissues)

Equipment

• automatic tissue processor with vacuum 
• tissue cassettes 

Procedure 

Optimum timings must be standardized as per requirement, but the typical sche
dule given below is followed by most pathology laboratories (1, 3)
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Notes

 

Precautions (2)

Equipment

• rotary microtome 

• slide warming table

• disposable blades

• distilled water

Protocol (1, 4)
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Precaution:

Haematoxylin–eosin staining is the standard basic stain used for morphological 
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tively charged haemalum complexes in an acid medium to the negatively charged 

or alcoholic solution of eosin Y, which colours cytoplasm and other eosinophilic 

Reagents (1, 5)

mercuric oxide; if it is added too rapidly the reaction is exothermic and the solu

Reagent stability: 

Eosin

Eosin stock solution

Eosin–phloxine working solution 
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1% acid alcohol

Saturated lithium carbonate

Protocol (1, 5)

decreasing strengths of alcohols, beginning from absolute and moving 

Results
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Histopathological evaluation

(6)

to establish an accurate histological diagnosis of rabies; however, his interpreta
tion that inclusions were caused by parasites belonging to protozoa proved to be 

–

The presence of Negri bodies is highly variable, being detectable in only about 

and should be performed even in cases wherein routine histology detects the 
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Chapter 7
Brain removal

Introduction

Techniques for postmortem laboratory diagnosis of rabies in animals are 

General requirements

Staff in contact with suspect specimens should be vaccinated against rabies 

(1)

• Clean and decontaminate any contaminated instruments chemically (2, 3) or 

selected to avoid any water pollution and at a depth that cannot be reached by 

use of PPE, including gloves, apron or gown and goggles, is a minimum require
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decreasing activity of some disinfectants as quaternary ammonium compounds in 

also disrupt nucleic acids (2)

Brain removal in the laboratory necropsy room 

Materials

• dissection forceps

• disposable or sterile spoons

• Petri dishes
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Protocol

Opening a section of the skull (Fig. 7.1)

Cutting a longitudinal section of the head

samples of brain tissue for rabies diagnosis; this can be done without opening 

The examples given below are for animals the size of a dog, and the tools used 

specimen of brain tissue collected via the foramen magnum is as reliable tech

ting the brain (4)

(Chapter 12

Materials

• scalpels

saline)
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Foramen magnum sampling procedure

(5) by using a 

(6)

1. Access to the foramen magnum

 a) of the entire animal: 

2. Collection of brain samples (Fig. 7.2)

a) Enter the straw through the foramen magnum and turn it while 

way, samples can be collected successively from the brainstem, base 

 Note:

Straw sampling Area sampled by the straw
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3.  Transfer of the sample 

a) If the sample is to be analysed immediately, the cylinder of brain 
tissue is processed according to the operating instructions of the 

b) If the sample must be sent to a laboratory, the straw, with the sample 

(7)

sable plastic pipette, screwing it in the direction of the foramen 

servoir” species in the dissemination of rabies and provides an additional source 

bular lymph node, behind the posterior wall of the masseter muscle 
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Chapter 8
Virus isolation in animals: 
the mouse inoculation test 

Introduction

Isolation of pathogens in animal models, including the mouse inoculation test 

than a century (1)

tious disease research: for example, pathogenicity studies, evaluation of safety 

of cell culture capacity in a given diagnostic laboratory, which is still common in 
developing countries (2, 3)

susceptibility to lyssaviruses than some other mammals (such as Syrian hams
ters, particularly via peripheral inoculation routes), they offer operational conve
nience because of their small body size, which allows housing of several animals 
in a cage, relatively inexpensive husbandry, and convenient handling offered by 

demonstrate high susceptibility to lyssaviruses similar to that of nerve cell tissue 

Isolation of lyssaviruses in mice has several advantages and disadvantages 

rial contaminants and toxic substances, which may be present in the diagnostic 

be inoculated into cell culture, or inoculation of cell culture requires high dilutions 

(4)

may alter virus properties due to the accumulation of mutations in viral genomes, 

the opposite and disadvantageous consequence of long virus replication in the 

In pathogen discovery studies, inoculation of animals facilitates isolation of 

characterization (5)

not require a sterile environment and CO  incubator, and it can be performed in 
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Choice of animals and their husbandry

All conventional strains of albino laboratory mice demonstrate nearly iden

tible, but an attention should be paid to not put young adult mice of different 

tant to adverse effects from intracranial inoculation and will eliminate nonspe

quarantine observation is required for mice after their delivery from a breeding 
facility to the diagnostic laboratory for them to adapt to the new environment, 
decrease any stress caused by transportation and identify any potential health 

riment and submitted to the vendor or to a veterinary laboratory for diagnostic 
purposes (if mice have been inoculated with lyssaviruses, the laboratory where 

mice can transmit lyssaviruses among each other during the observation period; 

are not used for inoculation, they should be euthanized to avoid misinterpretation 
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Preparation of the inoculum

The tissues must be rigorously homogenized using suitable means of prepara

Abrasives such as sterile sand or glass shards can be added to improve homoge

metal or polymer beads, placed in a microtube together with the tissue sample, and 

One of the most commonly used diluents for preparation of the suspension 
is a sterile isotonic NaCl (sodium chloride) solution, although mice are resistant 

If such information is unavailable, dog, cat and cattle sera should not be used for 

medicines are not needed to inoculate mice with fresh sterile tissue material, their 
use is advised for inoculation with salivary gland suspensions or other samples 

performed with beads in a closed tube, the full amount of diluent can be added 
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g

of tissue that may contain the pathogen of interest in a greater quantity than the 

Inoculation procedure

Preparation

The inoculation can be performed in a biosafety cabinet or on the laboratory 

surfaces and instruments around must be washable; appropriate personal protec

animal from human infections that may be introduced by the operator performing 

double latex gloves, a face shield and a hair net to protect against droplets of 

and mouse containers should be placed at one side, whereas syringes and sharps 

Anaesthesia

ments have been introduced in many countries worldwide, and their implementa

(6)

table agents: minimal animal handling, large margin of safety, ease of anesthetic 
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• supply gas (oxygen)

• supply gas regulator

• induction chamber

• connection tubing and valves

Ether, used for animal and human anaesthesia historically, is not approved by 

toneally (7)

this is usually not necessary, because if several samples are inoculated in several 

Combinations of anaesthetics can be prepared in advance in designated sterile 
containers, which must be properly labelled and stored until the expiration date 

If anaesthetics or equipment for anaesthesia are not available in the diagnostic 
laboratory, which frequently occurs in developing countries, or if national and insti
tutional regulations do not require anaesthesia, mice may be inoculated without 
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Inoculation technique

The volume of inoculum used for intracranial inoculation of weanling mice 

needles traumatize the brain substantially, whereas larger syringes do not allow 

removed into a sterile soft substance (such as sterile cotton) to avoid aerosoliza

one syringe is used to inoculate a group of several mice, under no conditions 
should the same syringe be used to inoculate other samples without sterilization, 

Medicines Dosage Comments

respiratory depression

 
respiratory depression
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of the central line (to avoid puncture of the venous sinus), in the middle of the 

needle should be removed gently and slowly (during several seconds) to prevent 

drop of transparent bloody liquid; it will mean that the amount of the inoculum in 

Peripheral inoculation is rarely performed for diagnostic purposes as the 
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procedure may occur via droplets of inoculum from the syringes or from the 

rials should be rigorously decontaminated with disinfectants immediately after 

are discarded in sharps containers and autoclaved together with other disposable 

Cages must be labelled promptly and carefully, indicating the age of the 
animals, the inoculation date, the inoculum used, the number of animals and any 

Observation and euthanasia

suggestive of rabies: ruffed fur; tremours when handled by forceps; increased 

noted when a mouse is placed on a bench and starts to move; ataxia; paresis; 

usually attributed to trauma or contamination of the inoculum with bacterial or 

The euthanasia is performed via intoxication with carbon dioxide or other 
(8)

ambient air into which carbon dioxide is supplied with gradually increasing concen

As alternatives to carbon dioxide, an overdose of anaesthetics used during inocu
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Even if mice develop neurological signs or die within the expected timeframe 
after inoculation, diagnosis of rabies should not be assumed without laboratory 

carcass is placed on clean absorbing material (such as a gauze pad or a paper 

Troubleshooting

The most common reasons for such failures are addressed below and appropriate 

If mice do not recover completely after inoculation and die shortly thereafter, this 

distinct morbidity or mortality patterns in different mice, whereas toxicity of the 

needle should not be inserted too deeply during inoculation, as described above, 

inoculum is the reason for failure, it should be determined whether the diluent or 

mice inoculated with this sample demonstrate early morbidity or mortality), the 

Sometimes, mice recover after inoculation but develop clinical signs and 

there is no realistic way to separate an unwanted virus from a lyssavirus present 

nially or intramuscularly into other mammalian species (for example, Syrian hams
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If a lyssavirus cannot be isolated from a sample that demonstrates abundant 

infectious virus (for example, due to inappropriate storage) or from high titres of 

dilutions should be made promptly after preparation of the original inoculum, and 
cold diluent should be used at each step to decrease binding of antibodies to the 

Virus titration
Quantitation of virus via determination of an infectious or lethal dose can 

the titres of infectious virus may not necessarily correlate with antigenic load deter
mined by ELISA or with the number of genome copies determined by quantitative 

of lethal doses in animals is preferable include the evaluation of susceptibility in 
vivo and pathogenesis studies, potency tests for biologicals, and comparison of 

caused mortality and from at least one dilution above are examined for the 
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Chapter 9
Virus isolation in cell culture: 

the rabies tissue culture infection test  

Introduction

using brain biopsy specimens as a conventional routine test for the postmortem 

Application of this test can also be extended to the analysis of other types of 

(1–6)

than other cell lines tested, probably due to their neuronal origin (7, 8)

cient as animal inoculation, especially for small quantities of virus, and was rapidly 

(9, 10)

(1–4, 11)

it replaces the use of animals (12)

whenever possible (13, 14)

tain (13,  14)

(11)

of the infectivity in the submitted samples, as suboptimal conditions of samples 
(such as decomposed specimens) could induce false–negative results (15)
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of the test will vary according to the intermittence of viral excretion and the level of 

the rate of positivity (14)

tests, is of utmost importance and the samples should therefore be frozen imme
diately after collection, preferentially in dry tubes (medium containing preserva

In addition to diagnosis, virus isolation represents a necessary step to amplify 
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Protocol

Reagents and equipment

Reagents

Annex 1 for composition)

• suspension medium (grinding medium, see Annex 3 for composition)

• trypsin (sterility of each new batch should be tested after inoculation of brain 
heart infusion broth)

antibody (either polyclonal or monoclonal antibodies, generally labelled with 

validated homemade antibodies), used at the recommended dilution with 

• Supernatant of homogenized, controlled infected and naive brain tissues, 

Equipment 

standard biosafety measures

culture

• humid, CO  controlled incubator used for routine cell maintenance and for 

• refrigerated centrifuge
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Choice and maintenance of neuroblastoma cell cultures

), 

vation of murine neuroblastoma cells are described in Annex 2

Preparation of the cell suspension

Preparation of the inoculum

For brain samples

sion medium (grinding medium, Annex 3

Different brain tissues should be selected after autopsy or necropsy, inclu

g

For liquid samples

Inoculation

Inoculation using 8-chamber slides (Fig. 9.2)

separate slide or on the same slide as the samples, but using a well as distant 
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Inoculation using microplates (e.g. 96-well plates) (adapted from 7, 13)

Changing of cell medium can be eventually performed during this incubation 
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Inoculation using microplates (e.g. 96-well plate) (adapted from 7, 13)

Interpretation of results

by a longer focal lens to read the plates in an inverted position (this step can be 

infection 
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Discussion

(13, 14)

(11), as well as the initial method performed in 
microplates (7, 13)

Whatever the technique used, suboptimal sample conditions, such as decom

false–negative results (15)

robustness of the test (10, 11)

as the process of inoculation with incubation time, further passages and use of 

of cell medium during this longer incubation period is not necessary but can 

assay should be compatible with the limited delay available in some cases so 
as to inform the physician in charge of the decision regarding prophylaxis for the 

has been suggested but is not recommended (13, 14)

ting procedures for cell culture be followed, with appropriate equipment and 

washing steps and mounting medium (13, 14, 16)

is of utmost importance and must be performed by trained operators (up to two 

(17)
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interlaboratory trials on rabies diagnosis: an overview of results and variation in 
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Annex 1. Composition of cell culture medium 
DMEM10

• Each new reconstitution of cell culture medium should be tested for sterility 
(for example, after inoculation and incubation of a small volume in brain heart 

comparison with previous validated batches (including the evaluation of cell 

Annex 2. Maintenance and conservation of 
Neuro-2a murine neuroblastoma cells

 cells is then seeded into 

• The number of cell passages should be registered and a limit number of cell 

based on the literature as well as on laboratory experience, to avoid cell dege
neration and loss of sensitivity (18)

In this case, an aliquot of cells obtained from the last trypsinization should 

in case of contamination, until fresh cells from a new frozen aliquot are 
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Annex 3. Composition of suspension 
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Chapter 10
Transmission electron microscopy in rabies 

diagnosis, ultrastructural studies and research 

Introduction

ding contributions by illuminating the morphological details which are not clearly 

use in unravelling the organization of complex synaptic relations between neurons, 
in analysing the ultrastructure of pathogens and in examining the morphology of 
various cellular organelles such as mitochondria, rough endoplasmic reticulum 

(1)

helix (2)

(3)

and of solid organs from infected donors to recipients (4, 5)

(6)

(7)

(8)

(9)
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granular Negri body having many longitudinally 

(arrowhead) in dilated rough endoplasmic 

centre and the outer glycoprotein membrane 

g, Golgi complex; m, mitochondria; N, nucleus 

cells showing many longitudinal (arrows) and 

the cytoplasm; cytoplasmic granulation of the 
Negri body is conspicuous in A 

neurons showing granular Negri bodies having 
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containing many longitudinal (arrows) and 

particles in the cytoplasm (A) and in the dilated 

g, Golgi complex; m, mitochondria; N, nucleus 
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of the central nervous system from fatal 
human rabies cases: (A) typical Negri body 
composed of granular material and virions cut 

within the cisternae of intracytoplasmic 

unusually large tubular particles (approximately 

tissue, a negative stain electron microscopy 

coiled nucleocapsid  
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electron microscopy  

their own reactive groups but also between reactive groups in the tissues (7)

tetroxide – is the standard procedure for preserving tissues (8, 9)

Size.

Osmolarity.

pH.

any change will alter the structure of tissue proteins, including changes in consis

Duration of fixation.

Washing
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Dehydration

ding, dehydration should be carried out gradually, using absolute ethanol (glass 

Clearing

A complete and uniform penetration of tissue specimens by a suitable embed

gradual replacement of the clearing agent with an embedding medium that faci
litates a complete impregnation of the interstices of a tissue specimen with the 

solvent and increasing the concentration of the embedding medium, as described 
by Sagar and colleagues (10)

electron microscopy) capsules, or, where orientation of the specimens is required, 

Polymermization

The liquid embedding medium containing the tissues is polymerized in an oven 

Precautions and other considerations

Chapter 3
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Protocol A: Human or animal brain tissue

Protocol B: Cell cultures 

remove it from the tube with a plastic transfer pipet (with the end cut off) 
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an electron microscopic laboratory-grade 

At 150 watts:

At 550 watts:

Processing for negative stain electron 
microscopy
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Ultramicrotomy of sections

dental wax is placed in a Petri dish and drops of uranyl acetate (centrifuged or 

diately returned to avoid atmospheric CO  coming into contact with the staining 
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embedding media

Buffers

0.1 mol sodium phosphate buffer 

Recipe 1

PO

PO

Recipe 2

0.1 mol sodium cacodylate buffer

 

(these solutions are stable for 1 month at 4 °C)

3% glutaraldehyde: glutaraldehyde is often supplied as 25%

2.5% glutaraldehyde 

5% paraformaldehyde
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Stains

1% toluidine blue

Uranyl acetate

Several different uranyl acetate solutions have been employed for staining ultra

Lead citrate

Embedding media

Preparation of Araldite CY 212 embedding medium 

Preparation of Epon-substitute/Araldite 502 embedding media
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Chapter 11

Introduction 

Historically, before the advent of modern laboratory techniques, diagnosis 
of rabies was based upon clinical signs (1)

bodies formed a basis for early laboratory diagnosis, coupled with accompanying 

upon the predilection of lyssaviruses for infection of the CNS, the brain became 

clinical observations, improved laboratory techniques and epidemiological surveil
lance resulted in the accumulated evidence that, without primary replication in the 
CNS, dissemination to other anatomical sites did not occur, including the salivary 

been a more preferable tissue than the CNS for laboratory diagnosis, except that 
multiple glands contribute to the composition of saliva and salivary excretion was 

Hence, salivary glands were not selected as appropriate samples for primary 

antigens in the CNS of rabid animals (2)

and greater experience was obtained in its application as a standard diagnostic 
technique (3, 4, 5)

rabies in millions of cases of suspect animals and was documented to detect 

diagnosis of rabies today (6, 7)

States Protocol for postmortem diagnosis of rabies in animals by direct fluorescent anti-

body testing (8)

 The brainstem, for example pons, medulla and thalamus, is the most critical 

amount of viral antigens tend to have more present in the brainstem than in the 

brainstem tests the maximum ascending and descending nerve tracts, which is 
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Proper collection, shipping and handling of rabies specimens is essential for 

tissue is acceptable but must include a complete transverse cross section of the 
brainstem and aliquots of tissue from the cerebellum (vermis, right and left) lobes if 
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sure in the human or pet, for example bite or scratch, animal owner, geographical 

ting more than one sample at a time, and specimens should be labelled clearly 

heads must thaw before they can be safely necropsied, and freezing may delay 

Materials 

Reagents

• acetone (of American Chemical Society grade)

Supplies and equipment 

     For necropsy/brain removal and dissection

• autoclave

• bone chisel (Councilman) 

• disinfectant (refer to Chapter 3

• face shield

• forceps (small and large) 

• hammer

• incinerator

• large plastic bags for disposal of animal heads and waste 

• microscope slide boxes 
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• necropsy apron (optional)

• Petri dishes, paper plates or suitable containers for dissection of brain 
tissues

• restraining device (or method of securing animal heads) 

• rubber gloves (heavy duty) 

•  scalpels 

• tongue depressors for lifting and retracting the brain

For DFA testing

although useful for cell culture techniques, are not recommended for routine 

• slide trays (stainless steel or other nonporous autoclavable)

Biological materials 

Methods

Once specimens are received at the testing laboratory, they are given an acces

materials, such as submission forms, animal heads, carcasses, slides, Petri dishes 
or paper plates and containers with saved reference material, are labelled carefully 
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(see Chapter 3

Smaller mammals, such as bats, can be processed easily with a scalpel or scis

Protocol

Cut away dura mater, the membrane covering the brain, then sever the 

Lift the brain out using forceps and a tongue depressor and place it in a 

 Notes: After necropsy of specimens, instruments must be handled appro
priately; disposable scalpel blades and disposable plastic forceps must be 
discarded in a sharps container, and reusable stainless steel instruments 

If test results are unusual, it may be necessary to verify animal type or 

Occasionally, samples demonstrating signs of decomposition are received 

is damaged beyond recognition; or (iii) the brain material is decomposed, for 
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The brain material from unsatisfactory samples may be tested; however, 

Place these pieces on an absorbent paper (bibulous paper, paper towel, 

Prepare touch impressions by pressing a slide gently against the tissues on 

 Note:

 

structural characteristics of the cerebellum are not recognizable; however, the structure of the 
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made from tissue from a strongly positive specimen infected with the most 

can be made from the brain stem or cerebellum tissue, air dried and stored 
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Notes:
consistent humidity is maintained while slides are incubating so that the 
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Transfer each set of slides from a specimen to a rinse container; use one 

complex; mounting solutions with high glycerol concentrations are not 
recommended (9)

Note:
coverslips to slides, small inclusions and sparse amounts of antigen may 

 

If further resolution is required to examine the inclusion morphology, 

examine the slides made from each test animal to ensure correct interpreta

such as those with some degree of decomposition, might have a slightly 
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FDI conjugate

Coverslip with low glycerol TRIS buffered 
mounting medium

Coverslip with low glycerol TRIS buffered 
mounting medium

Sigma Millipore 5100

No coverslip and mounting medium

Positive control Negative control
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Interpretation of test results

Test results may be reported as negative for rabies, positive for rabies, unsa

lyssavirus antigens, the sample is reported out as negative for rabies, provided 

trating antigen, inclusions with atypical morphology or inclusions with staining 

made from the original brain tissue that is saved after dissecting the brain and 
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is considered negative for rabies if all brain impressions are negative upon repeat 

The specimen is positive for lyssavirus antigens if, upon repeat testing, inclu
sions typical of rabies are observed on impressions tested with one or both of the 

The specimen results are inconclusive if inclusions are observed on all impres
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control is negative, then the test is positive  

reported as negative 

negative, then the samples should be considered 
as positive, but sent to a reference laboratory for 

then the test should be considered as indeterminate 

rabies; it may be necessary to send to a reference 
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(10–12)

Discussion 

(13)

(14)

Owing to its accuracy and advantages in an anatomical–pathological context, in 

annually (15)

within a few hours, irrespective of lyssavirus species or mammalian taxa (including 
humans in either antemortem or postmortem situations) (7)

Chapter 19
Chapter 20

the traditional process of holding suspect animals until late in the clinical course, 

(16)

as the CNS tissues of choice are based in part upon basic pathobiology, relative 
ease of anatomical access and economy of effort (17)

antigen capture assays or relevant molecular tests (18)

Product name Product number Antibodies

Globulin monoclonal antibodies

Light Diagnostics Contains the same mixture of two 

Light Diagnostics Contains the same mixture of two 

Light Diagnostics Contains the same mixture of two 

Light Diagnostics 
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Annex. Use of reagents and equipment in the 
DFAT 

FITC-conjugated anti-rabies antibody reagents

)

) 

( ) 

( )

Conjugate titration

use indigenous street virus from dogs, wild carnivores or bats rather than labo

test using the standard protocol and the same supplies, equipment and diluent 

Broad titration  
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Narrow titration

FDI 80-090

Eptesicus fuscus

Sigma Millipore 5100 Sigma 6500

FDI 80-090 Sigma Millipore 5100 Sigma 6500
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must be low protein binding (to prevent loss of antibody) and should be suitable 

in the same host as the rabies reagent (such as a horse or goat), but as normal 

for a reagent prepared from a mouse monoclonal antibody is a mouse mono
clonal antibody of the same isotype as the rabies reagent, but directed to an 

(8)

Protocol
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commercial sites listed in alphabetical order for comparison:

; 

;

; 

Protocol for corrective action when controls 

1. First, examine the positive control and negative control slides. The posi-

-

cope equipment and is related to the reagents or implementation 
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pad (if the microscope has one) each time the microscope is used 

the new lots need to be tested in parallel with the old lot before use in a 

new aliquot of mounting is recommended under these circums

control slide related to the improper washing of the slides, drying of the 
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4. Repeat testing of samples with strict adherence to the protocols should 

especially with polyclonal or hyper-immune antibody conjugates. These 
problems need to be reported to the manufacturer of the reagents.  

5. Observation by an experience laboratorian or the supervisor may be neces-
sary to determine potential problems, especially when due to technical 
manipulations. 
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Chapter 12
The direct rapid immunohistochemistry test 

for the detection of lyssavirus antigens 

Introduction

peroxidase staining technique for diagnosis of rabies by detecting lyssavirus 

Chapter 11 and elsewhere (1–13)

All relevant biosafety precautions should be followed as discussed in Chapter 3 

Materials

Equipment

Supplies

• glass microscope slides

• paper towels

benchtop staining)

• timer

• glass vials

• centrifuge tube (or similar)

• syringes

• pipette tips

• pipetting device

• microscope slide coverslips

• positive and negative control tissue

• scalpels
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Reagents 

may be used) 

terstain for AEC  

• aqueous mounting media for coverslips 

• deionized or distilled water (dH O)  

Protocol  

cerebellum) on labelled glass microscope slides (always include standard 

I II III

hydrogen 
peroxide

dH O Haematoxylin dH O dH O dH O



Laboratory techniques in rabies 

Fifth edition

Direct rapid immunohistochemistry test

Part 3. Demonstration of antigens

reagent to the slide to cover the impression) in the humidity chamber at 

To prepare the AEC stock solution:

To prepare the AEC working dilution:

reagent to the slide to cover the impression, then incubate in the humi
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Discussion

in the chapters on brain removal (Chapter 7 Chapter 11
removal of the entire CNS or tissue selection via the foramen magnum using the 
straw technique, the brainstem can be accessed directly by a ventral approach, 

may contain numerous round or oval masses and irregular strings of antigen 

Haematoxylin counterstain will produce a blue colour to CNS tissue and nuclear 

rization of antigenic variants is also possible (4)

described in the chapter on conjugate production

Brainstem

ventral approach across the throat latch region 

carcass is at the top of the image and the 
ventral cranial aspect of the mandibles is at the 
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Chapter 13
Immunohistochemistry 

Introduction

Immunohistochemistry utilizes the principle of antigen–antibody reaction to 

interactions is achieved by tagging the antibody with a substance that can be 

(1). 

determined this labelling method to be relatively insensitive when applied to 

(2–6)

rimetric substrate that could be detected by light microscopy, which is the theo
(7)

(8, 9)

reader should be aware of, and is encouraged to investigate, the myriad alterna
tive nonproprietary and proprietary protocols available (10, 11)

tion of the assay and interpretation of the results; the reader unfamiliar with this 

 

Materials

Reagents
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• charged glass slides and coverslips 

Equipment

Biological materials

• miscellaneous material

Protocol

rature or heat treatment optimized for antibody; see alternative materials 
and methods in discussion) 
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A positive result will show intense, granular or globular red cytoplasmic 

bodies) or within the cytoplasm of neurons containing rabies viral antigen 

Disease Control and Prevention

with characteristic neuronal cytoplasmic inclusion (Negri) bodies 
(arrows)

Disease Control and Prevention

antigens (red)
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Discussion 

Critical parameters and troubleshooting

It is essential that the individual laboratory optimizes each step of the proce
dure with special attention paid to the primary antibody concentration, experi

Primary antibody dilution testing is performed to determine the optimum dilution 

recommendation, and different antigen retrieval methods should be employed to 

The optimized assay should be thoroughly characterized using normal and 

Positive and negative controls should be performed for each experimental 

Precautions

Immunohistochemical staining must be interpreted in the context of the histo

cytoplasmic staining of plasma cells, ependymal lining cells and choroid plexus 
cells can be observed with some primary antibodies and staining may be misinter

Alternative materials and methods

Alternative protocols using various materials and methods are widely available 
and thoroughly described in reference (10)
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Time considerations

Future considerations

Exposure to infectious agents and environmental contamination is a concern 

immunophenotyping, would together be a powerful tool to investigate the immu

performed on archived tissue specimens, pathogenesis studies could be coupled 
with robust retrospective analysis, particularly if enzymatic methods of antibody 

governmental and private health care laboratories with standardized reagents 
for screening biopsy and autopsy material from patients with suspect infectious 
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Chapter 14
Antigenic typing of lyssaviruses by 

monoclonal antibodies

Introduction

other lyssaviruses were recognized by their reactivity with hyperimmune sera (1)

After the discovery of hybridoma technology shortly thereafter and studies on 

(2, 3)

Such methods facilitated progress in epidemiological surveillance and research 
on lyssaviruses by using laboratory techniques applicable to both developed and 

The viral N protein has been the most commonly used antigen for serological 
typing of lyssaviruses, primarily because it is produced in high concentrations 

(4–7)

cular sequencing (4–6) (7–10)

gical situation for current control programmes in Latin America and the Carib

regions where rabies is still widespread and where alternative methods may not 
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Protocol

Preparation of the viral isolates for analysis with MAbs

Sample preparation in CNS tissue

g

Slide preparation

, being sure to include the brainstem and cerebellum, on 

Sample preparation in cell culture

Preparation of CNS tissue homogenate
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g

Preparation of cell suspension

Preparation of the cell culture plate

 incubator, 

vity of cells or the tissue sections of the CNS because there can be reactions with 

Titration of MAbs

dilution should be established as the dilution at which the brightness is 

place of laboratory strains once adequate experience is gained and the 
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Titration of conjugated anti-mouse immunoglobulin G 

Application of the technique

First step

Second step

 Interpretation of results
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the variant isolated from most of the bats from the species Histiotus velatus 

isolated from marmosets (Callithrix jacchus) presents a positive reaction 

Cerdocyon thous

LabL  Lab

Dog

Tadarida brasiliensis

v v v

Lasiurus cinereus v

Arizona fox

Tadarida brasiliensis
co)

 Lab

Cerdocyon thous

Histiotus velatus

Callithrix jacchus
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Discussion

Antigenic typing methods may be less technically demanding and less costly 
than molecular techniques and can thus be applied routinely to a large number of 
cases (9)

Slides prepared with original samples of the CNS, stored in good condition, 

results with original sections prepared from CNS samples, which interfere with the 

prepared using culture medium; however, if this medium is not available, dilu

capacity (12, 13)

developed for studies in one area is not necessarily useful for application in other 

Proper preservation by refrigeration or freezing of fresh samples is necessary 

tion related to each isolate is critical for a meaningful interpretation of resultant 

a) The revelation of the diversity of lyssaviruses on the African continent and 
in Eurasia and their geographical distribution compared to the New World, 

Lyssavirus 

genetic sequencing (4, 6)
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(14–19)

genetic typing should be obtained to identify possible new variants within 
a species or among species (20)

(21, 22)

These antigenic studies allowed differentiation from variants of canine 

d) The presence of viral spillover from bats to domestic and wild carnivores 

marmoset (Callithrix jacchus (23)

(24)

e) A Desmodus rotundus

vampire has also been found in domestic companion animals and wild 
animals; it is transmitted by Desmodus rotundus or fruit bats of the genus 
Artibeus, which have shown to host a similar variant (18, 25)

species, and also for the use of oral vaccines in the control of wildlife rabies 

(26)

(27), 
Colombia (28) (29) and Ecuador (30)

h) The number of rabies cases in cats in some regions of the Americas has 

urban areas, as well as through the practice of rapid diagnostic tests and 

diagnosis should have reference laboratories that carry out deeper studies 
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Clearly, many of our founding principles of rabies epidemiology were formu
lated based on antigenic typing studies (31)

To improve epidemiological surveillance in regions where further studies are 
needed to identify new reservoirs and lyssaviruses, production and selection of 

(32, 33)

identify new reservoirs and to understand the association of viral species (new or 
old) with new hosts, together with their distribution in time and space, and parti
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Lyssavirus

marmosets (Callithrix jacchus

(

Desmodus rotundus and Artibeus
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Desmodus rotundus
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Annex. Materials and solutions

Materials

Reagents

Equipment

• 

• CO  incubator

• analytical balance

• refrigerator

• 

• biological safety cabinets

• timer

Biological materials 

• samples of CNS tissue from humans and several animal species that are 

culture)

• negative samples of CNS tissues (negative control)

• 

Solutions

Saline solution 0.85% 

Saline buffered with sodium phosphate

• Na HPO  H

• NaH PO

Saline buffered with potassium phosphate

• K HPO

• KH PO
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Buffered carbonate/bicarbonate (pH 9.5)

Sodium carbonate 0.5 mol

• Na CO

Sodium bicarbonate 0.5 mol

• NaHCO

Buffered glycerol

Acetone 80% 

Diluent for virus

or
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Chapter 15

human rabies antemortem diagnosis

Introduction

Human rabies may be suspected after the onset of compatible clinical signs 

of a suspect animal exposure is often a strong indicator of rabies in the differen
tial diagnosis of acute progressive encephalitis, but the absence of a bite does 
not rule out the disease necessarily (1)

developed for physicians in selecting priority differentials in encephalitis cases, 

of the etiological cause (2)

is critical for the institution of proper barrier methods to prevent secondary expo
sures to excreted virus (in saliva, respiratory secretions and tears for example); 

resolution and closure for family and friends as to etiology, institution and moni
toring of experimental therapeutic interventions as appropriate, initiation of grief 

Often, collection of brain biopsy samples for antemortem testing is contraindi

antigens and nucleic acids may be detected in other areas and tissues, such as 

biopsy and saliva (and, if safe, to collect also brain biopsy), are necessary to 
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Materials and methods

Equipment and supplies

Biosafety.

Cryostat.

Necropsy instruments. Two scalpels or, alternatively, a scalpel and forceps, 

Autoclave and/or instrument sterilizer. All instruments should be cleaned and 

 Specimen storage containers.

Refrigerated storage.

Microscope slides. These should be of the highest quality with a coverslip 

with two wells are preferable, allowing for determination of staining surface and 

stained regions of the slides, because this process can transfer infected tissue 

Acetone fixation and post-stain rinse containers. These should be of adequate 

Syringe filters (0.45μm).
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Incubator (37 °C) and humidified staining tray or chamber. Constant humidity 

Fluorescence microscope. As discussed in Chapter 11 on the DFAT, the quality 

of immersion oil increases image brightness by preventing the loss of emitted light 

Acetone.

FITC-conjugated anti-RABV antibodies.

lyssaviruses, especially if the suspect individual contracted rabies in an area 

FITC-conjugated negative control conjugate.
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the same isotype and protein concentration as the rabies reagent but directed to 

Conjugate diluent. 

Counterstains.

Rinse–soak buffer.

for storage and dispensing of rinse buffers should be cleaned and disinfected by 

Mountant (0.05 mol TRIS-buffered saline pH 9.0 with 20% glycerol). Prepare 

Glycerol should be replaced at yearly intervals, as the pH changes slowly with 

Immersion oil.

copy applications, as other immersion oils formulated for general microscopy may 

Protocol

Skin biopsy
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than requiring surgery the sample may be prepared as a punch biopsy, as is 
frequently used in dermatological settings (3)

hand, the wound may have an elliptical shape that may heal by second intention 

The specimen should be placed on a piece of sterile gauze moistened with 

All samples collected for rabies diagnosis should be considered as potentially 

Ideally, samples should be shipped frozen on dry ice by an overnight courier in 

guidelines of the International Air Transport Association and the OIE (

Tissue preparation

tissue (as well as a part of the dermis with follicles) must be carefully collected for 
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horizontal and vertical cuts of tissue prepared from the specimen are placed on 

the same plane as the OTC (top) for optimum sectioning (if sections are below 

practised numerous times on negative tissue to ensure success with a valuable 

animals are excellent specimens for visualizing rabies antigen associated with hair 

Sectioning the embedded specimen
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Control slides 

should be retained for this purpose from animals naturally infected with the most 
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Staining

Conjugate titration 

Chapter 11

rent lyssaviruses, and viral particles may appear quite different when stained with 

naturally or experimentally with a variant that is genetically diverse from the most 
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Microscopic interpretation

from specimens presenting staining that appear as positive should be stained 
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The nerve path can be traced through contiguous sections by visualizing rabies 

Discussion

tropisms (4–7)

rabies models (8, 9)

to date (10, 11)

rapid detection of lyssavirus antigens in suspect human rabies patients (12–22)

dermatological procedures, a punch biopsy may be used in a shaven area above 

Care is needed in the sectioning of the biopsy and its particular orientation in the 

cryostat sectioning include:  

a) Improperly sharpened microtome blades (consider purchase of a microtome 

b) Embedded tissues that have been left in the cryostat for days, allowing the 

have cut to the correct depth by observing with a microscope the slide contai
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temperature microscope slide

section onto the microscope slide
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will be through the hair bulb at the base of the hair follicle where the root hair 

responses following centrifugal virus spread, especially in cases of implementa
tion of aggressive therapies and extended morbidity period, leads over time to an 

Given the unique pathobiology of rabies, it is recommended that in addition to 

tive values obtained thereof will provide more conclusive interpretation of labora

References

and priorities in encephalitis: consensus statement of the international encepha
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Chapter 16
Demonstration of Lyssavirus antigens

Introduction

Different techniques are available for diagnosis of rabies in animal and human 
samples (1, 2)

choices due to their feasibility and cost, although both methods may present a 
(3)

that may be used for this purpose (4, 5)

has the advantage of being fast, inexpensive and exhibiting a sensitivity compa
(2–6)

Thus, viral isolation in cell culture has been demonstrated to be an appropriate 
(2)

(7–10)

(2, 4)

for the analyses of cells in suspension (11)

the time required for diagnosis (12). Through a system using laser beams, optical 

and reproducible, and it allows for the simultaneous analyses of many samples, 

infected cells or viral antigens in infected cells have already been shown for several 
(13–18)
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(12, 19)

(20, 21)

A protocol similar to that described below can be easily adapted to perform 

(19)

the routine use of this technique could help to guide both medical and epidemio
logical measurements, prevent the use of unnecessary human vaccinations and 

 Protocol

tissue samples suspected of infection and, after a period of incubation, 

(12, 19)

tics of infection be examined for the selected cell line, preferentially using 

 atmos
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(12)

(12)

The protocol described herein has proven effective for detection of intracellular 

commercial reagents that have lately become available could improve the tech

lyssavirus antigens should always be aware that the sensitivity to the virus differs 
not only between different cell lineages but also with the number of passages 
of each lineage (7, 8, 10, 22)
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acquired to determine a gate that differentiates the two cell populations (at least 

analysis detects not only infected cells but can determine also the number of 
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Annex. Equipment, reagents and supplies

• Equipment. 

• Software. 

on the internet; see the Purdue University Cytometry Laboratories catalog 
for examples (

• Reagents. 

The intracellular staining of the cells with antibodies can be performed with 
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Chapter 17
Rapid immunochromatographic tests for

the detection of rabies virus antigens
in brain material

Introduction

(1)

tests have no special storage requirements in terms of temperature; they can 

test (2) (3). 

disease (4) (5) and Ebola virus disease (6)

(7, 8)

samples (9–13)

test characteristics prompted a careful consideration on the selection and use of 
(14)

alongside the various components and discusses the use, limitations and further 

Principle

then travels along a nitrocellulose membrane by liquid migration and is eventually 
(15)

antibodies are later captured downstream at a second line representing the control 
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Materials

Membranes

lulose membranes are commonly used as the basis for the test due to their rela

handling and the wide range of products available (15)

(1)

Nitrocellulose membranes are manufactured by dissolving the raw materials in 

Antibodies

(16)

tion and eternal availability (17)

15, with permission)
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antigen capture antibody needs to be immobilized onto the membrane without 

(16)

(9, 12)

there is only one test line, but future optimizations may include another line or a 
separate strip for lyssaviruses others than those belonging to phylogroup I, as 

(17).

Assembly

Manufacturer’s instructions 

The proper use of the test must have clear, understandable instructions that 

Principally, any test for viral antigens should use brain material from those 

Chapter 7 on brain removal and 
18

different brain regions should be homogenized before being further processed 

compromised when the concentration of target analyte exceeds a certain critical 
(19)

a suspension with viral loads below the detection limit (10)

(10)

appropriate evaluation and validation; however, they are the responsibility of the 
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Regulatory issues

(20)

dation according to the recommendations of international or national organiza

as test agreement with other standard laboratory tests, must be determined (21). 

laboratories, which are desirous of having approval and registration (21)

All manufacturers must have implemented good manufacturing practices to 

also be tested beforehand by either using reference material or by collaborating 
with national or international laboratories, which could do this assessment upon 

batch comparison should be performed to ensure ongoing quality of the device 

Discussion

sampling procedures are followed, these tests can be used primarily to extend 

implementation of these tests could substantially increase rabies surveillance by 

logistic challenges of shipping samples to national reference laboratories would 

efforts alongside mass dog vaccination campaigns could use these tests under 
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(10, 14)

for human diagnosis on postmortem brain biopsies and therefore their reliability in 

storage at room temperature (10, 14)

be shipped easily by regular mail to a specialized laboratory, such as a national 
reference laboratory, or to an internationally approved laboratory for this purpose, 
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Evaluation of a rapid immunochromatographic diagnostic test for the detec

state of the art to the next generation of highly sensitive, quantitative rapid 
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Chapter 18
Mass spectrometry-based proteomic 

approaches for the detection of
rabies virus peptides

Introduction

one method of choice for the characterization of multiple proteins expressed in 
complex biological systems (1, 2)

share three basic components: an ion source, a mass analyzer, and a detector (3)

The most common types of ionization used in the analysis of peptides and 

(4)

rates a continuous supply of ions from a liquid solution, where a liquid sample is 

ESI is often connected with online liquid chromatography (LC) to separate the 

nants such as buffers and salts, when these are present at low concentrations, 
than the ESI (5, 6)

(7, 8)

(9, 10)

(11, 12)

As the proteome is complex, there is no standard method for preparing protein 
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Protocol

Viral replication assay  

sage in N a cells in the presence of cell culture medium (13)

a cells has the purpose of promoting 

of N
(14, 15)

proteins, such as the albumin and IgG, may be carried out according to manu

Cell lysis using detergents is a milder and easier alternative to physical disrup

detergents (16)

or phosphatase inhibitors in buffered detergent solution is necessary to limit 
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PROTEIN STABILIZATION

IN SOLUTION
PROTEIN DIGESTION

IN GEL TRYPTIC 
DIGESTION OF PROTEINS

LC-ESI-MS/MS

MALDI-TOF-MS/MS

Albumin depletion

1D GEL

CNS

Data analysis

Mass spectrum

A

B

C

C1 C2

DC1a

E

F

B

by mass spectrometry 

C: Detergent solubilization of membrane protein 
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Assay procedure

to measure the concentration of protein in a solution) assay or a related 

 Cell extracts prepared by this method routinely have a protein concentration 

Protein digestion in solution 

Assay procedure
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 “Pre-run the gel” 

Protein electrophoresis is a laboratory technique used to separate proteins 

separation in polyacrylamide gel electrophoresis (PAGE) could be important when 

Assay procedure

Prepare the protein sample

SDS–PAGE (sodium dodecyl sulfate–polyacrylamide gel electrophoresis) 

by Laemmli (17)

addition of sample buffer for a complete disruption of molecular interac

g

Prepare the gel electrophoresis
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Load the gels

Run the gel

Stain the protein gel with Coomassie brilliant blue

In-gel tryptic digestion of proteins 

One of the most important steps in sample preparation for proteomics is the 

Assay procedure 
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Mass spectrometry analysis

If nanospray or electrospray is performed, it is desirable to rinse three times 

Assay procedure
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Peptide database search

(15)

Assay procedure

peptides with an individual ion score above the identity threshold are consi

mentation used and the type of mass spectrometer selected will affect the 
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Dissolve in ddH O

Polyacrylamide solution

Solution A (mL)

ddH O

Running buffer

O

Staining solution 

Destaining solution 
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Storage solution 

Dithiothreitol (DTT) 10 mmol

Iodoacetamide (IAA) 50 mmol

Trypsin solution 

O

LC-ESI-MS/MS elution solution

O

MALDI-TOF-MS/MS elution solution

O

 

Annex 2. Recommendations regarding 
protein for mass spectrometry analysis

ratory atmosphere for more than a few minutes will be contaminated with 
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Chapter 19

Introduction

the Communicable Disease Center (now the United States Centers for Disease 

(1)

(2)

primarily used:

• to determine the immunization status of individuals who have undergone 

• 
sure prophylaxis; 

• as demonstration of response to rabies vaccination for animals scheduled 

• for the management of plasma donors used in the production of rabies 

• for the evaluation and calibration of newly developed serological tests (3)

patients very late in the course of the disease (4)

(5) and the European Pharma
copeia method for rabies immunoglobulin product potency (6)

(ED
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ranges (such as CO  levels and incubation time or temperature) in the procedures 

Methods 

Sample preparation

Samples are evaluated for haemolysis and lipaemia, and if necessary more 

interfere in antibody measurement (7)

Sample dilution

1. Serial dilutions of SERA prepared and 
transferred to 8-well chamber slides

2. Add VIRUS

3. Add BHK (or MNA) CELLS to serum-virus mixture

4. Wash and Fix
5. Immunostaining with FITC-
Conjugated Antibody (anti-N)

90 min @37 °C 30-100 TCID50/chamber

20-24 hours @37 °C

Count 

No virus –

inhibition

with virus – 

endpoint
virus – 

no inhibition

0/20 0/20 10/20 20/20
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RFFIT control systems

Each test should contain controls to identify errors and to document accep

Reference serum

Cell control

RABV back titration

Internal standards

expected to be negative or to show ED  titres greater than the highest dilution 
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tested, a positive or negative sample included among these slides is a useful 

Acceptance criteria for the controls and standards must be set by each labora

tion (8)

, optimally not 
(8)

standard deviations of the average value determined from several replicate tests 

Challenge RABV dilution preparation and inoculation

 

Cell suspension preparation and addition

 

Note:
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(9)

is incubated at the appropriate temperature and CO

After cell growth is achieved, the chamber slides are inverted to discard the 

structure is disassembled from the slide at this point or, if using plastic slides, 

Microscopic evaluation
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Determination of RVNA ED50 titres

 calculation using 
this formula (10)

 reciprocal titre of the 

Example of a test serum with ED

 titres and a 

tion scheme when the typical reading pattern occurs: the dilution next lower than 

lization issues, partial neutralization will sometimes occur in more than one dilu

pected reading patterns, such as greater or equal neutralization in progressively 

Test interpretation

The Advisory Committee on Immunization Practices (ACIP) recommends using 

vaccination (11)

(12)
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Quality control and quality assurance

Quality control (QC) and quality assurance (QA) practices are essential to main
tain consistently adequate performance of assays, to give meaning to the results 
and to allow comparison of results over time and among laboratories (13)

shment and control of reagents, equipment and personnel training are the basis 

Note:

performance characteristics (precision, accuracy, linear range, sensitivity and 

be determined in each laboratory by evaluation of effects on cell growth 

 and temperature control of the incu

tored to detect out of range temperature levels and lapses in temperature 
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consistent assay performance, to identify any shifts or drifts and to 

laboratory to exchange samples for comparison is also an acceptable way 

receipt, storage, preparation and evaluation; and equipment 

investigation, development and validation (14–17)
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Discussion

controls are not within parameters, more time must be spent investigating the test 

processes involving interaction between (and within) cells and virus, and because 

as pH and temperature (18)

tion and monitoring, personnel training, and routine assay QC performance and 

as many problems with drift in assay conditions can be detected by attention to 

ment of assay performance parameters by method validation within each labora
tory is essential to determine acceptance criteria and reportable range, and indi
vidual set performance of controls and standards will identify results not meeting 
these criteria (14)

to rabies vaccination and as determination of booster administration, it can be 

automated reading (13, 19, 20)

in various adaptions which have noted a change in linear range as compared 
(21, 22)

variants or new rabies biologicals, involves differing levels of performance charac

assays (23)

rabies vaccine evaluation and approval, it remains the gold standard assay for this 
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Eptesicus fuscus

Tadarida brasiliensis
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Annex 1

A1.  Reagents, equipment and biological material

1.1 Reagents

gerated before supplementation and used as growth 

1.2 Equipment 

(1)

plates (2)

coated slides can also be used with supplemental humidity and 

 controlled incubator is used for routine cell mainte

 

microscope should be equipped by a longer focal lens if using 
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Pipettes.  Automated pipettes can be used both to add diluent and 

 1.3 Biological material

aspx

);  

may be necessary to perform a viable cell count using 

 cells are seeded 

appropriate temperature and CO  levels recommended 

according to laboratory conditions and cell lines in order 

all reagent volumes except trypsin, which is increased 

are grown in the cells and evaluated for further use in 
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) as 

is added to wells in a chamber slide and incubated at 
the appropriate temperature and CO

mL is added to each well and the slide is incubated at 
the appropriate temperature and CO

monolayer of cell growth are chosen to observe for 

 dilution 

have been successfully used and may vary per cell type 

g

 

bated at the appropriate temperature and CO  level for 

is added to the tube, the suspension vortex mixed and 
g
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temperature and CO

g for 

in the virus proteins, especially the antigenic sites on the 

above for the seed production and is aliquoted for 

needs and to avoid multiple freeze–thaw cycles which 

ED

 can be calculated as in the 
following example:        

)
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Annex 2

principle

dards, described below is tested in two independent sets to provide two results 

2.2 Reagents (not previously mentioned for classical RFFIT)

2.3 Equipment (not previously mentioned for classical RFFIT)

culture)

2.4 Biological material

(1) (available from some WHO collaborating centres on 
rabies; see Appendix 2)

remaining wells are reserved for cell control wells which do 
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and should be equipped with a focal lens long enough to read 
the plates in an inverted position (this step can be simpli

of infected cells is estimated by the reader and a percentage 
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parentheses)



Laboratory techniques in rabies 

Fifth edition Part 4. Demonstration of viral antibodies

 Discard the supernatant from the plate into a virucidal solution and 

the plates in an inverted position (this step can be simpli

is estimated by the reader and a percentage of infected cells 

 Acceptance criteria for the internal standards are based on their titre 

 The titre values of tested serum samples are validated only after all 

2.6 Quality control and quality assurance

Acceptance criteria for the controls and standards
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Chapter 20

neutralization test 

Introduction

Preventive vaccination against rabies is a powerful tool to prevent, control and 
eliminate the disease (1–4)

vaccination (5–7) ensuring satisfactory protection against rabies (8, 9)

(10, 11)

(12) (12)

qualitative microscopic reading (all or nothing), which is less time consuming than 

(10, 11)

dilution with the neutralizing dilution of a standard serum tested under the same 
experimental conditions (OIE serum of dog origin or WHO standard rabies immu
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Materials

Reagents

Cell culture medium

Antibiotics 

• positive reference serum: OIE reference serum or WHO international stan
dard or internal standard (previously calibrated against the OIE serum or the 
WHO standard)

• naive reference serum 

Equipment

• biosafety cabinet

Biological materials
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Methods

Production of CVS-11 virus on cells

Growth of cells

 cells are needed for seeding a 

Infection of cells

 Virus growth

g

 Harvest and storage

g

 Determination of virus titre by TCID
50

 assay (50% tissue culture infective dose)

 are prepared 

, and 
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FAVN testing

Distribution of the cell culture medium

following patterns:

For the control plate

->

->

-> 

->

        

For the plates with sera to be tested
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Distribution and dilution of the reference and test sera

For the naive and the positive reference sera
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For the test sera

Addition of challenge virus standard strain

containing the viral suspension is thawed rapidly under cold running water and 

 per 

For the plate with sera to be tested 

For the control plate

The virus should be distributed in the control plate at the end of the test to 
ensure that the titre of the virus remains still satisfactory throughout the test (that 

(11)

->



Laboratory techniques in rabies 
Fifth edition

Fluorescent antibody virus neutralization test

Part 4. Demonstration of viral antibodies

Incubation of the plates

Distribution of the cell suspension

Incubation of the plates

Staining 
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Reading

Calculation of the titres 

The logD
reference serum and the test sera are calculated according to the Spearman–

 Where:

For the sera:  

logD

And for the CVS virus:

logD

Conversion of the titres

The conversion of the logD
by using the following formula: 

be used to convert the logD
mean logD
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Validation of the test

The test is validated only if the current values of the three controls are not statis

Discussion 

(13) and by WHO 
(10) (14) also 

movement of pets within the European Union and between certain developing 

approved rabies serology laboratories (

these laboratories used this serum neutralization test to perform rabies serological 

vaccination campaigns (15)

(haemolysis, bacterial contamination) (16)

sensitive to any cytotoxic products and contaminating agents present in samples, 
rendering it impossible to obtain reliable results (17, 18) and leading to inadequate 

(19, 20)

dog and cat populations (21) in serological surveys in wild and domestic animals 
as well as in immunogenicity studies of animal or human vaccines (more than 

Critical parameters 

As described in the OIE manual (11), some steps of this procedure may be 

practices of the laboratory, but others must not be changed as they are standard 

The following steps must not be changed for the virus titration:



Laboratory techniques in rabies 

Fifth edition

Fluorescent antibody virus neutralization test

Part 4. Demonstration of viral antibodies

• In every titration session, a vial of a control batch of virus is titrated and this 

The following steps must not be changed for the FAVN test:

log D

Precautions

Limitations

the maintenance of cell culture as well as special laboratory facilities due to the 

are based on cell cultures, they are sensitive to any cytotoxic products and conta

Future considerations

As technology progresses, new methods are being developed and validated 
to replace neutralization methods (22)

to the development of a lentiviral vector system that expresses the viral glyco
protein (23)

and requires only low serum volumes for analysis compared with neutralization 

(24)
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(25) to deter

sera from domestic and wild carnivores has been assessed (26, 27)

become an alternative to serum neutralization tests for monitoring rabies oral 

has been developed to improve the monitoring of oral vaccination in Europe (28)

animals, coupled with an ELISA test is an attractive and cost–effective alternative, 

(28)

References

heterologous challenge virus strains on the serological test results of rabies 
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dardisation and establishment of a rabies ELISA test in European laboratories 

antibody response in dogs and cats inoculated with commercial inactivated rabies 
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tion of an ELISA to detect rabies antibodies in orally vaccinated foxes and raccoon 
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Chapter 21

detection of rabies virus immunoglobulin G 
and immunoglobulin M antibodies

Introduction 

dies include antigen binding methods, antibody function tests, and antigen func
tion assays (1–4)

Chapter 19
Chapter 20

for booster requirements, activities on surveillance and epidemiology of rabies 
in human and other animal populations, and to help diagnose rabies in patients 
suspected of the disease, as summarized with emphasis on references detailing 

(5–28)

Diagnosis of rabies on postmortem fresh or fresh frozen central nervous system 

method, but to diagnose rabies antemortem in suspect patients, several tests 

(29)

lest and most rapid serological methods for the detection of antibodies directed 
(5, 6, 30)

visualized when the antigen–antibody complexes are reacted with a secondary 

assess the subclasses of immunoglobulins that bind (4, 31, 32)
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convalescent samples is also routinely used as indicative of a recent infection, 
whereas a standing IgG titre between acute and convalescent paired samples 
would suggest previous exposure or prior vaccination, depending upon type, 

Methods

Materials

Equipment 

• CO  

• haemocytometer 

• inverted microscope 
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Supplies

• disposable personal protective equipment

• stainless steel tray(s)

• plastic lids to cover slides for incubation

• slide coverslips 

)  

Reagents

associated with some serum samples

• acetone, reagent grade 

Biological materials

• positive control human serum

• negative control human serum

Protocol

Specimen collection and handling
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and facilities (33)

Preparation of RABV antigen control slides

see references 35–36

cell suspension (35, 36)

Negative cell control slides are prepared the same as above without the addition 

Positive and negative control samples

developed under rigorous conditions to serve as quantitated positive control 

standardized quantitated rabies immunoglobulin indicated for the prophylaxis of 
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(9, 37)

vaccination series; thus, use of these standardized reagents as positive controls 

 IFA standard test procedure

 Note:

included in protocols that originated years ago and have been carried 

in some assays (38, 39), although it has not been demonstrated to speci

tious agents such as viruses and mycoplasma, but it is important to note 
that heat inactivation may not completely destroy all pathogens and the 
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Place slides on a tray with a moistened paper towel and cover them with 

(40), by applying drops of mounting medium to the 

Add serum and CSF and controls to the slide wells

IgG IgM IgG IgM +IgG +IgM Neg

Serum CSF Controls

Test samples

Humid chamber  30 min at 37 °C

Wash once with PBS for 5–10 min

Blot off excess PBS
from slides

Add secondary FITC-labelled anti-human globulin

Humid chamber  30 min at 37 °C

Wash once with PBS for 5–10 min

Blot off excess PBS
from slides

Add small drop of mounting media to each well

procedure 

challenge virus standard strain; 
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Reading slides 

a. Positive and negative control samples. Positive and negative control samples 
are included with every test and should perform as expected before reading 

b. Test samples 

pattern should be observed, and the number of infected cells observed 
should approximate the number of infected cells seen in the positive 

Interpretation

and morphology of the cells are similar to that of the positive control sample 



Laboratory techniques in rabies 
Fifth edition Part 4. Demonstration of viral antibodies

 Note: 

may only be reported if one is able to discern characteristic reactivity from the 

in serum from a positive rabid human sample 
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Troubleshooting procedures for abnormal results

be old, the wrong light source was used, the scope was not aligned 

Discussion

(2)

strategy to evade the immune system that some rabies patients may succumb to 

factors of antigen presentation such as viral dose, route of entry and degree of, if 

(31–32)

dies may not always correlate with the detection of neutralizing antibodies (10, 41)

(5, 7, 8, 
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15, 25, 42–43)

of neutralizing antibodies, the test cannot be used as a measure of immunity 
following vaccination (14)

(22)

(3, 41)

effect of these microscope parameters on the interpretation of the result, but it is 
not unexpected that different laboratories testing the same specimen will obtain 

enzyme substrate) but rather by a trained microbiologist visually observing a 

(44)

(36)

evaluated, validated and documented in each facility (4)

through the detection of antibodies developed following primary exposure in 
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has proven value in the diagnostic arena, particularly in investigations of suspect 
rabies cases in which no one test has been proven to be superior as the most 

performed in the developing world, despite its relative ease and rapidity, its utility 
continues to be demonstrated as part of the antemortem diagnosis of human 
rabies patients in the USA (45–47)

largely correlate, but in cases in which discrepancies are observed, interpretation 
becomes less clear (5–7, 9–11)

characteristics of both tests are warranted, because such studies could provide 

References 
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Procyon lotor
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Epidemiology and molecular virus characterization of reemerging rabies, South 

Prevention (

United States Centers for Disease Control and Prevention and National Institutes 
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Chapter 22
The mouse neutralization test

Introduction

transportation in a retrograde direction through the axon of the infected neuron (1)

nervous system is an immunologically privileged site (2)

(3)

conversion, if it is detected, occurs rather late in the course of the disease (4, 5)

the period of clinical disease can be a useful diagnostic indicator (4, 6, 7)

typically produce cytopathic effect in cell culture or gross pathognomonic lesions 
in organs (8, 9)

(10, 11)

(12)

tations, such as technical complexity, a long turnaround time, high cost, ethical 

 
on biosafety and Chapter 12
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Method

Precautions

air from the syringe using a glass tube with cotton wool to avoid accidental expo

and maintenance of the cold chain at all stages as appropriate helps to 

 dilution and diluent alone, 

The composition and quality of ingredients used for the preparation of the 

be due to trauma caused by needle, faulty techniques and contaminated or 
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g

dard protocol (11)

maintenance of the cold chain is essential to minimize thermal inactivation 

contamination of brain tissue homogenate may be mitigated by adding anti

Titration of RABV 

Use calibrated pipettes and dedicated sterile tips for each aspiration and 

(13)

Neutralization of RABV by antibodies 

g

complement is essential because it can cause cell lysis when activated by 
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 per 

 per 
 

dilution and calculation are critical for the preparation of challenge virus 

(10)
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Interpretation of results

comparison to binding or in vitro neutralization tests, which can be performed 
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Chapter 23
Demonstration of lyssavirus antibodies by 

pseudotype virus micro-neutralization assays

Introduction

(matrix, capsid, nucleocapsid) originating from one virus, which is surrounded by 

a reporter gene while the genetic elements required for replication have been 

(1)

vectors are favoured due to the ability to stably integrate transfer genes into the 
cell genome without transferring viral genes (2, 3)

the system was soon expanded to include lentiviruses, most commonly human 

neutralization assays to detect neutralizing antibodies (nAbs) targeted towards 

viruses, pseudotypes have previously been reported for different species, acting 

(4)

was further applied in a larger serosurveillance study in Africa, a developing 

further to this, pseudotypes have been generated to include at least one isolate 
from each lyssavirus species (5)

to distinguish between lyssavirus species and the results were shown to correlate 

(6)
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Methods 

Generation of PTV stock

 cells) to be 

add the transfection reagent to the plasmid DNA and incubate for a 

Luminescence

Colourimetric

A

C

Renilla

units; and (C) the colourimetric report gene lac

luciferase

Renilla 
luciferase

NEG
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Transfection reagent

Culture dish Plasmid DNA PEI

Envelope dH O

DNA, deoxyribonucleic acid; PEI, polyethyleneimine

Culture dish PEI

DNA, deoxyribonucleic acid; PEI, polyethyleneimine

Titration of PTV stock

tive dose per mL (TCID

 for 
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(7)

Setting up a PTVNA

Reporter gene assay

Luminescence 

Fluorescence
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Colourimetric

cells, which present with blue stained nuclei, can then be viewed using a light 

Interpretation of results

Neutralization titres of samples are recorded as the inhibitory concentration at 

was used, the neutralization titres can be recorded as the concentration or reci
procal dilution of the sample at which the IC

It is becoming increasingly common for pseudotype neutralization assays to 

surface carry different reporter genes within their genomes (8–10)

it is important to note that selection of reporter genes is critical and normally 
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Annex

• Transfection reagents:



Laboratory techniques in rabies 
Fifth edition Part 4. Demonstration of viral antibodies

Chapter 24

for the determination of rabies virus 
neutralizing antibodies

Introduction

(1)

in diagnostic laboratories, research laboratories and vaccine production laborato

(1, 2)

(3)

mation (4) (5)

(6)

(7)

wildlife is an important tool for epidemiological assessments that may underpin 

(8–11)
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Methods

should be rigorously observed, with respect to the infrastructure of laboratories 

Propagation of RABV in BHK-21 cells

the dose that shows the maximal dilution at which there is approximately 
(12)

g

Virus titration to determine the virus work titre/dilution 
(CCID100)
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(13, 14)

(12)

SFIMT procedure



Laboratory techniques in rabies 

Fifth edition Part 4. Demonstration of viral antibodies

tion on four wells of the microplate as follows: 

performed by using the following formula: 
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Annex

Reagents

• trypsin ethylene diaminetetraacetic acid (EDTA)

Equipment 

• CO  incubator 

• laboratory refrigerate centrifuge

Biological materials 
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Chapter 25
The immunoperoxidase inhibition assay 

Introduction

The immunoperoxidase inhibition assay (IIA) is an alternative test for the detec

read in an ordinary light microscope and interpretation is straightforward, with 

(1) with human sera, it revealed a strong positive 
correlation (2)

Advantages of the IIA  

The IIA is advantageous for the following reasons:

• does not utilize competing monoclonal antibodies;

proteins for antigen preparation; 

• does not require expensive equipment for antigen preparation or ELISA plate 
readers; 

• the test can be potentially useful for the detection of antibodies in different 
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Protocol

1.1 Cells

(3) in 

1.2. Viruses

standard procedures (see Chapter 8
inoculation test) or prepare the virus in cell culture as described by Caporale 

(4)

1.3. Preparation of polyclonal rabbit anti-rabies serum 

• Titrate serum samples from each animal with a usual antibody detection 

as described 

• Perform the animal handling procedures according to institutional guidelines 
for animal welfare for experimentation on animals (

1.4. Preparation of plates 

 cells per well in 

 of 
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as described in 2.2

(

1.5. Preparation of serum samples

tions for the use of human blood products), use serum collected from a 
person not previously vaccinated against rabies as a negative control, inac

Considerations

buffer (as described in 2.1

1.6. The IIA procedure 

plates (prepared as in 1.4

prepared 
as in 1.4

• Wash the plates as described in 1.4

( );

( );

prepared fresh each time, as recommended (5)
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Considerations

 –
as 

described in 2.1

 –

 –

 –

 – Calculate the antibody titre of the test sera on the basis of the last dilution 

 –

 –

mL should be considered positive for antibodies, whereas antibody titres 
(6)

Description of solutions

2.1 Dilution buffer 

HPO HPO

HPO HPO , H O 

2.3 Wash buffer 
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Annex. Reagents, equipment and biological 
materials required for the IIA

Reagents

• trypsin

Equipment 

• standard inverted microscope 

• CO  incubator 

• freezer

Animals

• rabbits

 Biological materials 

• rabies vaccine

• international reference serum

• negative control serum
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Chapter 26
Demonstration of rabies virus antibodies by 

the counter immunoelectrophoresis test 

Introduction

in the serum neutralization test is considered the minimum adequate value indica
tive of an individual response after prophylaxis (1)

(1–3)

(4, 5), was long considered as 
the reference test; however, it is costly due to animal use (6) and also raises ethical 

nally developed by Smith and colleagues (7) (8), was the 

technique (9) Chapter 19
antibody virus neutralization) test (see also Chapter 20), are now considered the 
gold standard techniques (7, 9)

Chapter 22 and references 2, 10–12

Counter immunoelectrophoresis (CIE) is another technique for the titration 

sera (13, 14)

reaction of the antibodies present in serial dilutions of the test serum against a 

(13, 15–18)

show good correlation between these techniques (13)

(19, 20)

not obviously different regarding the titre of detected antibodies (21)

studies using this technique have been published (22, 23)

was shown to be sensitive enough to detect the minimum acceptable level of 
(18)



Laboratory techniques in rabies 

Fifth edition

Counter immunoelectrophoresis test

Part 4. Demonstration of viral antibodies

Protocol

The CIE is performed according to the general procedure described by Diaz 
13

g

negative serum (NS), so that the Ag concentration falls to the ideal (half) 

trophoresis power supply, voltmeter, electrophoresis chamber, biosafety 
g, and water 
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with lateral channels and a central support for glass 
slides

for cleaning use (such as Perfex)
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Interpretation of test results

lines on the negative serum (NS) side and no line in the negative control 

pness, and shape, which should be comparable to those obtained in the 

which is the highest dilution that does not produce a precipitation line or 
relative potency, expressed in International Units using a reference stan

 

Where:

Antigen production

g

 LD
CIE (15)
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Antigen standardization 

mined by selecting the highest dilution that produces sharp, shiny, slim 

(24)

precipitation lines formed by the reaction 
between antigen and indicator serum
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Production of hyperimmune indicator serum 

Vaccine production

 in 

g

 LD
dose by NIH test (see Chapter 44

Vaccination and blood collection

Obtaining hyperimmune serum

g 
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Standardization of hyperimmune indicator serum

The IS used in the Ab titrations in the CIE is standardized against the Ag in the 

hyperimmune serum titre is assumed to be the reciprocal of the highest 

The Ag and IS must be standardized prior to TS titration in order to determine 

The acceptance criteria of the test include evaluating the assay, the samples 

Validation of the test

The control slide should have precipitation lines on the NS side and no line in the 

position, sharpness and shape, and should be comparable to those obtained on 

tion; if this occurs in two dilutions of the same slide, it indicates test invalidity 

The performance of the test should be monitored through control graphs for 

be calculated (25, 26)
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Discussion
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Comparison of three serological tests for titration of rabies antibodies in immu
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reagents used in the counterimmunoelectrophoresis technique for the determi

Comparison between the counterimmunoelectrophoresis test and mouse neutra
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solutions for the CIE test

Phosphate buffered saline pH 7.2

• sodium phosphate dibasic (Na HPO

• potassium phosphate monobasic (KH PO

Agarose gel 0.9%

0.05 M veronal buffer pH 8.2

H N NaO

Borate buffer pH 9.1

• boric acid (H

• sodium borate (Na O

Glycine 0.01% and sucrose 5% pH 7.2

• glycine (C H NO

• sucrose (C H O
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Penicillin solution 100 000 IU and streptomycin 200 mg/mL
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Appendix 2
WHO collaborating centres on rabies, 

neurovirology, viral zoonoses and 
zoonoses control

WHO Collaborating Centre for Reference and Research on Rabies, Institut 

WHO Collaborating Centre on Research and Management on Zoonoses 
Control

WHO Collaborating Centre for the Characterization of Rabies and Rabies-
related Viruses, Animal Health and Veterinary Laboratories Agency, Weybridge, 

WHO Collaborating Centre for Rabies Surveillance and Research

WHO Collaborating Centre for Traveller’s Health

WHO Collaborating Centre for Control and Epidemiology of Rabies in 
Carnivores
ON, Canada

WHO Collaborating Centre for Neurovirology
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WHO Collaborating Centre for Reference and Research on Rabies, Wistar 

WHO Collaborating Centre for Reference and Research on Rabies, Centers for 

WHO Collaborating Centre in Rabies

WHO Collaborating Centre for Rabies Epidemiology

WHO Collaborating Centre for Reference and Research in Rabies, Department 

WHO Collaborating Centre for Research on Rabies Pathogenesis and 
Prevention

WHO Collaborating Centre for Research and Training on Viral Zoonoses, 
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